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sensor temperature of the image sensor satisfy the following
condition formula:

RN+DN<0.22xPxHxG

in which RN represents the number of electric charges
occurring due to reading noise, DN represents the number of
electric charges occurring due to dark noise, P represents the
irradiation output of the excitation light (in mW), H repre-
sents the quantum efficiency of the image sensor, and G
represents the electron multiplication factor of the image
Sensor.
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METHOD AND APPARATUS FOR
ACQUIRING FLUORESCENCE IMAGES

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a method and apparatus for
acquiring a fluorescence image, wherein intrinsic
fluorescence, which is produced from living body tissues
when the living body tissues are exposed to excitation light,
is acquired as an image. This invention also relates to a
fluorescence imaging apparatus for imaging fluorescence,
which is produced from a measuring site when the measur-
ing site is exposed to excitation light.

2. Description of the Related Art

Research has heretofore been conducted with respect to
techniques, wherein intrinsic fluorescence, which is pro-
duced by an intrinsic dye in living body tissues when
excitation light is irradiated to the living body tissues, is
detected as an image, the image having been formed with the
intrinsic fluorescence is analyzed, and a change in tissue
condition of the living body tissues due to various kinds of
diseases is discriminated in accordance with the results of
the analysis.

The intrinsic fluorescence produced from the living body
tissues is weak, and image sensors having a high sensitivity
have heretofore been utilized for detecting the weak intrinsic
fluorescence as an image. For example, in order for the
intrinsic fluorescence to be imaged, there have heretofore
been utilized high-sensitivity CCD (charge coupled device)
image sensors, which are capable of performing pixel
binning, i.e. processing for integrating signal charges of a
plurality of pixels in each of CCD image sensor chips and
reading the integrated signal charges. Also, electron multi-
plication types of image sensors, such as ICCD’s, have
heretofore been utilized to image the intrinsic fluorescence.

By way of example, the excitation light may be irradiated
to living body tissues in the body cavity having a compli-
cated shape, or the like, and a fluorescence image of the
intrinsic fluorescence produced from the living body tissues
may be acquired by utilizing an endoscope system. In such
cases, it is desired that the intrinsic fluorescence produced
from diseased tissues, such as cancerous tissues, which are
located at a position (i.e., a remote point) spaced 50 mm
apart from a leading end of a measuring probe of the
endoscope system, be detected with a signal-to-noise ratio of
at least 1.

However, in cases where the technique for performing the
pixel binning is utilized, when the signal charges occurring
in a plurality of pixels having received the intrinsic fluores-
cence are integrated in each of the CCD image sensor chips,
electric charges occurring due to dark noise, which is
contained in the signal charges accumulated in the pixels to
be subjected to the pixel binning, are integrated together
with the signal charges.

Therefore, since the intrinsic fluorescence produced from
the cancerous tissues is weak, it often occurs that the number
of electric charges occurring in each pixel due to the dark
noise is larger than the number of electric charges occurring
in each pixel due to the receiving of the intrinsic fluores-
cence. In such cases, even if the signal charges having been
accumulated in the plurality of pixels are integrated with the
pixel binning, the level of the signal representing the intrin-
sic fluorescence produced from the cancerous tissues will
become lower than the level of the signal due to the dark
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noise. Therefore, the signal-to-noise ratio cannot be
enhanced and will become lower than 1. Also, In cases
where the electron multiplication types of image sensors are
utilized, if the setting of the image sensor is not performed
sufficiently accurately, it will often occur that the intrinsic
fluorescence produced from the cancerous tissues located at
the aforesaid remote point cannot be detected with a signal-
to-noise ratio of at least 1 due to the occurrence of the dark
noise and reading noise.

Further, it is desired that the intrinsic fluorescence pro-
duced from normal tissues, which are located at a position
(i.., a near point) spaced 5 mm apart from the leading end
of the measuring probe of the endoscope system, be detected
such that saturation may not be reached in a light receiving
capacity of an imaging apparatus.

However, dynamic ranges of the electron multiplication
types of image sensors, such as ICCD’s, are narrower than
the order of 10*. Therefore, if the setting of the image sensor
is not performed sufficiently accurately, saturation will be
reached in the light receiving capacity of the imaging
apparatus. In cases where the technique for performing the
pixel binning is utilized, as for the pixels in a region in which
the intensity of received light is high, the number of pixels
subjected to the pixel binning may be set at a small value.
In this manner, the number of pixels subjected to the pixel
binning may be set in accordance with the intensity of
received light. However, in such cases, if the setting of the
image sensor is not performed sufficiently accurately, the
problems will occur in that saturation will be reached in the
light receiving capacity of the imaging apparatus.

SUMMARY OF THE INVENTION

The primary object of the present invention is to provide
a method of acquiring a fluorescence image, wherein an
image of intrinsic fluorescence produced from a measuring
site of living body tissues located at a remote point is
capable of being acquired with a high signal-to-noise ratio.

Another object of the present invention is to provide a
method of acquiring a fluorescence image, wherein an image
of intrinsic fluorescence produced from a measuring site of
living body tissues located at a near point is capable of being
acquired such that saturation is not reached in light receiving
capacity of an imaging apparatus.

A further object of the present invention is to provide an
apparatus for carrying out the method of acquiring a fluo-
rescence image.

A still further object of the present invention is to provide
a fluorescence imaging apparatus, wherein reading noise is
capable of being suppressed and a signal-to-noise ratio of a
detected image is capable of being enhanced, such that
adverse effects do not occur on displaying of a fluorescence
image as a dynamic image.

The present invention provides a first method of acquiring

a fluorescence image, comprising the steps of:

i) detecting intrinsic fluorescence, which has been pro-
duced from living body tissues when excitation light is
irradiated to the living body tissues, with an image
sensor, the excitation light causing the living body
tissues to produce the intrinsic fluorescence, and

ii) reading out the detected intrinsic fluorescence as an
image,
wherein the image is acquired by setting the image

sensor such that a reading frequency, an area of one
pixel, a total number of pixels, a number of pixels
subjected to pixel binning, a number of reading
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ports, an exposure time, a quantum efficiency, an
electron multiplication factor, and a sensor tempera-
ture of the image sensor satisfy the following con-
dition formula:

RN+DN<0.22xPxHxG

The present invention also provides a second method of
acquiring a fluorescence image, comprising the steps of:

1) detecting intrinsic fluorescence, which has been pro-
duced from living body tissues when excitation light is
irradiated to the living body tissues, with an image
sensor, the excitation light causing the living body
tissues to produce the intrinsic fluorescence, and

i) reading out the detected intrinsic fluorescence as an
image,
wherein the image is acquired by setting the image
sensor such that a reading frequency, an area of one
pixel, a total number of pixels, a number of pixels
subjected to pixel binning, a number of reading
ports, an exposure time, a quantum efficiency, an
electron multiplication factor, a sensor temperature,
a floating diffusion capacity, and a full well capacity
of the image sensor satisfy the following condition
formulas:

(RN+DN)x1000xG <Fd
(RN+DN)x1000xG<Fw

The present invention further provides a first apparatus for

acquiring a fluorescence image, comprising:

i) an image sensor for detecting intrinsic fluorescence,
which has been produced from living body tissues
when excitation light is irradiated to the living body
tissues, the excitation light causing the living body
tissues to produce the intrinsic fluorescence, and

i) read-out means for reading out the detected intrinsic
fluorescence as an image,
wherein the image sensor is set such that a reading
frequency, an area of one pixel, a total number of
pixels, a number of pixels subjected to pixel binning,
a number of reading ports, an exposure time, a
quantum efficiency, an electron multiplication factor,
and a sensor temperature of the image sensor satisfy
the following condition formula:

RN+DN<0.22xPxHxG

The present invention still further provides a second
apparatus for acquiring a fluorescence image, comprising:

1) an image sensor for detecting intrinsic fluorescence,
which has been produced from living body tissues
when excitation light is irradiated to the living body
tissues, the excitation light causing the living body
tissues to produce the intrinsic fluorescence, and

if) read-out means for reading out the detected intrinsic
fluorescence as an image,
wherein the image sensor is set such that a reading

frequency, an area of one pixel, a total number of
pixels, a number of pixels subjected to pixel binning,
a number of reading ports, an exposure time, a
quantum efficiency, an electron multiplication factor,
a sensor temperature, a floating diffusion capacity,
and a full well capacity of the image sensor satisfy
the following condition formulas:

(RN+DN)x1000xG<Fd
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(®N+DN)x1000xG<Fw

In the first and second apparatuses for acquiring a fluo-
rescence image in accordance with the present invention, the
reading frequency may be set so as to satisfy the condition
RN=DN.

Also, in the first and second apparatuses for acquiring a
fluorescence image in accordance with the present
invention, the image sensor may be a CCD type of image
sensor or a MOS (metal oxide semiconductor) type of image
Sensor.

In the formulas described above, RN represents the num-
ber of electric charges occurring due to reading noise (which
number is determined by the reading frequency and the area
of one pixel), DN represents the number of electric charges
occurring due to dark noise (which number is determined by
the reading frequency, the area of one pixel, the total number
of pixels, the number of pixels subjected to pixel binning,
the number of reading ports, the exposure time, and the
sensor temperature), P represents the irradiation output of
the excitation light (in mW), H represents the quantum
efficiency of the image sensor, G represents the electron
multiplication factor of the image sensor, Fd represents the
number of electric charges corresponding to the floating
diffusion capacity, and Fw represents the number of electric
charges corresponding to the full well capacity.

Also, RN and DN may be represented by the formulas
shown below.

RN=0-17SO.777X 1/2

DN=(tread+texp)xSxnxe®D

tread=(N/n)/(fx10°xM)+{(n-1)x (N/m)}(fx 10"x M)

(T)=4.1913x10"% (273+T)°-3.8015x 10 >x(273+T)*+1.2197x
(273+T)-136

in which S represents the area of one pixel (in wm®), [
represents the reading frequency (in megapixel/sec), N rep-
resents the total number of pixels, n represents the number
of pixels subjected to pixel binning, M represents the
number of reading ports, texp represents the exposure time
(in sec), and T represents the temperature of the image
sensor (in ° C.).

In the first and second methods of acquiring a fluores-
cence image in accordance with the present invention and
the first and second apparatuses for acquiring a fluorescence
image in accordance with the present invention, the image
may be acquired as images, which are acquired successively
for every V40 second per image frame as in ordinary cases.
Alternatively, the image may be acquired as images, which
are acquired successively, for example, for every V4o second
per image frame such that, even if the motion of the detected
images cannot be seen as a smooth motion, the measuring
site 1s capable of being seen successively.

The term “number of electric charges corresponding to a
capacity” as used herein means the value obtained by
converting each of the floating diffusion capacity Fd and the
full well capacity Fw into the number of electric charges in
order to true up the units in the aforesaid formulas as the
number of electric charges.

The first and second methods of acquiring a fluorescence
image in accordance with the present invention may be
combined with each other. Also, first and second apparatuses
for acquiring a fluorescence image in accordance with the
present invention may be combined with each other.
Specifically, the image may be acquired by setting the image
sensor such that the reading frequency, the area of one pixel,
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the total number of pixels, the number of pixels subjected to
pixel binning, the number of reading ports, the exposure
time, the quantum efficiency, the electron multiplication
factor, the sensor temperature, the floating diffusion
capacity, and the full well capacity of the image sensor
satisfy the three condition formulas shown above, i.e. the
following condition formulas:

RN+DN<0.22xPxHxG
(RN+DN)x1000xG<Fd
(RN+DN)x1000xG<Fw

The present invention also provides a fluorescence imag-
ing apparatus, comprising:
i) irradiation means for irradiating excitation light to a
measuring site, the excitation light causing the mea-
suring site to produce fluorescence, and

i) imaging means for detecting the fluorescence, which
has been produced from the measuring site, the imag-
ing means being provided with an imaging surface,
which comprises a plurality of pixels arrayed in a
two-dimensional form,
wherein the imaging means is provided with a plurality

of output ports.
In the fluorescence imaging apparatus in accordance with
the present invention, the imaging means may be one of
various types of means provided with the imaging surface,
which comprises a plurality of pixels arrayed in a two-
dimensional form. For example, the imaging means may be
an ordinary CCD image sensor, a MOS type of image sensor,
a back surface incidence type of image sensor which is
capable of performing high-sensitivity imaging, or a multi-
plication type of image sensor combined with multiplication
means.
The fluorescence imaging apparatus in accordance with
the present invention should preferably be modified such
that the imaging surface is divided into N number of imaging
blocks, where N is at least 2,
each of the output ports is provided for one of the N
number of imaging blocks, and
the fluorescence imaging apparatus further comprises:
composing means for combining image signals, which
have been outputted from the output ports, to form an
image signal representing one image,

correction value calculating means for calculating cor-
rection values in accordance with variations in out-
put characteristics among N number of output
channels, which extend from the N number of imag-
ing blocks to the composing means,

correction means for performing compensation for the
variations in output characteristics, and

correction value setting means for setting the correction
values in the correction means.

In such cases, the correction means should preferably be
constituted of signal transforming means, which stores offset
values and tone curve correction values.

Also, the fluorescence imaging apparatus in accordance
with the present invention, wherein the correction means is
constituted of the signal transforming means, should pref-
erably be modified such that the imaging surface of the
imaging means is constituted of an image exposure region
and non-exposure regions,

each of the imaging blocks contains one of the non-
exposure regions,

the correction value calculating means calculates the
offset values, which act as the correction values, from
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image signals having been detected in a state, in which
light impinges upon the imaging surface of the imaging
means, and having been outputted through the respec-
tive output channels, the offset values being calculated
such that signal intensities of image signals, which
have been detected respectively in the non-exposure
regions of the imaging blocks, take approximately
identical values, and

the correction value calculating means calculates the tone
curve correction values, which act as the correction
values, from the image signals having been detected in
the state, in which light impinges upon the imaging
surface of the imaging means, and having been output-
ted through the respective output channels, the tone
curve correction values being calculated such that
signal intensities of image signals, which have been
detected respectively at adjacent ends of the imaging
blocks that are adjacent to each other, take approxi-
mately identical values.

Further, the fluorescence imaging apparatus in accordance
with the present invention, wherein the correction means is
constituted of the signal transforming means, may be modi-
fied such that the correction value calculating means calcu-
lates the offset values, which act as the correction values,
from image signals having been detected in a state, in which
light is blocked from impinging upon the imaging surface of
the imaging means, and having been outputted through the
respective output channels, the offset values being calcu-
lated such that signal intensities of image signals, which
have been detected respectively in the imaging blocks, take
approximately identical values, and

the correction value calculating means calculates the tone
curve correction values, which act as the correction
values, from image signals having been detected in a
state, in which light impinges upon the imaging surface
of the imaging means, and having been outputted
through the respective output channels, the tone curve
correction values being calculated such that signal
intensities of image signals, which have been detected
respectively at adjacent ends of the imaging blocks that
are adjacent to each other, take approximately identical
values.

Furthermore, in the fluorescence imaging apparatus in
accordance with the present invention, the correction means
may be constituted of amplification means, in which offset
values and gains are capable of being adjusted.

Also, the fluorescence imaging apparatus in accordance
with the present invention, wherein the correction means is
constituted of the amplification means, should preferably be
modified such that the imaging surface of the imaging means
is constituted of an image exposure region and non-exposure
regions,

each of the imaging blocks contains one of the non-

exposure regions,

the correction value calculating means calculates the
offset values, which act as the correction values, from
image signals having been detected in a state, in which
light impinges upon the imaging surface of the imaging
means, and having been outputted through the respec-
tive output channels, the offset values being calculated
such that signal intensities of image signals, which
have been detected respectively in the non-exposure
regions of the imaging blocks, take approximately
identical values, and

the correction value calculating means calculates gain
adjustment values, which act as the correction values,
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from the image signals having been detected in the
state, in which light impinges upon the imaging surface
of the imaging means, and having been outputted
through the respective output channels, the gain adjust-
ment values being calculated such that signal intensities
of image signals, which have been detected respec-
tively at adjacent ends of the imaging blocks that are
adjacent to each other, take approximately identical
values.
Further, the fluorescence imaging apparatus in accordance
with the present invention, wherein the correction means is
constituted of the amplification means, may be modified
such that the correction value calculating means calculates
the offset values, which act as the correction values, from
image signals having been detected in a state, in which light
is blocked from impinging upon the imaging surface of the
imaging means, and having been outputted through the
respective output channels, the offset values being calcu-
lated such that signal intensities of image signals, which
have been detected respectively in the imaging blocks, take
approximately identical values, and
the correction value calculating means calculates the gain
adjustment values, which act as the correction values,
from image signals having been detected in a state, in
which light impinges upon the imaging surface of the
imaging means, and having been outputted through the
respective output channels, the gain adjustment values
being calculated such that signal intensities of image
signals, which have been detected respectively at adja-
cent ends of the imaging blocks that are adjacent to
each other, take approximately identical values.
Furthermore, the fluorescence imaging apparatus in
accordance with the present invention should preferably be
modified such that the imaging surface of the imaging means
is constituted of an image exposure region and non-exposure
regions,
the fluorescence imaging apparatus further comprises
re-setting judgment means for making a judgment for
each imaging operation and as to whether re-setting of
the correction values is to be or is not to be performed,
the judgment being made in accordance with the pres-
ence or absence of a change in signal intensity of an
image signal, which has been detected in one of the
non-exposure regions,
the correction value calculating means operates such that,
in cases where it has been judged by the re-setting
judgment means that the re-setting of the correction
values is to be performed, the correction value calcu-
lating means calculates new correction values, and

the correction value setting means sets the new correction
values, which have been calculated by the correction
value calculating means, as the correction values in the
correction means.

As described above, the judgment as to whether the
re-setting of the correction values is to be or is not to be
performed is made in accordance with the presence or
absence of a change in signal intensity of an image signal,
which has been detected in one of the non-exposure regions.
For example, in cases where a change occurs in a mean value
of signal intensities of the image signal, which has been
detected in one of the non-exposure regions, or in cases
where a change occurs in the signal intensity corresponding
to a predetermined site, or the like, it is judged that the
re-setting of the correction values is to be performed. In
cases where such a change does not occur, it is judged that
the correction values are not to be altered.

Also, the fluorescence imaging apparatus in accordance
with the present invention may be modified such that the
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8

imaging surface is divided into N number of imaging blocks,
where N is at least 2,

each of the output ports is provided for one of the N

number of imaging blocks, and

the fluorescence imaging apparatus further comprises:

composing means for combining image signals, which
have been outputted from the output ports, to form an
image signal representing one image,

correction value storing means for storing correction
values for compensation for variations in output
characteristics, the correction values having been
calculated in accordance with the variations in output
characteristics among N number of output channels,
which extend from the N number of imaging blocks
to the composing means,

correction means for performing compensation for the
variations in output characteristics, and

correction value setting means for setting the correction
values in the correction means.

In such cases, the correction means may be constituted of
signal transforming means, which stores offset values and
tone curve correction values. In such cases, the correction
value storing means should preferably store the offset values
and the tone curve correction values as the correction values.

Alternatively, the correction means may be constituted of
amplification means, in which offset values and gains are
capable of being adjusted. In such cases, the correction value
storing means should preferably store the offset values and
gain adjustment values as the correction values.

The fluorescence imaging apparatus in accordance with
the present invention, wherein the correction value storing
means is employed, should preferably be modified such that
the correction value storing means stores signal intensity or
a mean value of signal intensities of an image signal having
been detected in a state, in which light is blocked from
impinging upon the imaging surface of the imaging means,
and corresponding correction values,

the fluorescence imaging apparatus further comprises

re-setting judgment means for making a judgment for
each imaging operation and as to whether re-setting of
the correction values is to be or is not to be performed,
the judgment being made in accordance with the pres-
ence or absence of a change in signal intensity or a
mean value of signal intensities of an image signal
having been detected in a state, in which light is
blocked from impinging upon the imaging surface of
the imaging means, and

the correction value setting means operates such that, in

cases where it has been judged by the re-setting judg-
ment means that the re-setting of the correction values
is to be performed, the correction value setting means
reads the correction values, which correspond to the
signal intensity or the mean value of signal intensities
of the image signal associated with the judgment in that
the re-setting of the correction values is to be
performed, from among the correction values having
been stored in the correction value storing means and
sets the correction values, which have thus been read
from the correction value storing means, as the correc-
tion values in the correction means.

Also, the fluorescence imaging apparatus in accordance
with the present invention, wherein the correction value
storing means is employed, should preferably be modified
such that the imaging surface of the imaging means is
constituted of an image exposure region and non-exposure
regions,

the correction value storing means stores signal intensity

or a mean value of signal intensities of an image signal,
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which has been detected in one of the non-exposure
regions, and corresponding correction values,

the fluorescence imaging apparatus further comprises
re-setting judgment means for making a judgment for
each imaging operation and as to whether re-setting of
the correction values is to be or is not to be performed,
the judgment being made in accordance with the pres-
ence or absence of a change in signal intensity or a
mean value of signal intensities of an image signal,
which has been detected in one of the non-exposure
regions, and

the correction value setting means operates such that, in

cases where it has been judged by the re-setting judg-
ment means that the re-setting of the correction values
is to be performed, the correction value setting means
reads the correction values, which correspond to the
signal intensity or the mean value of signal intensities
of the image signal associated with the judgment in that
the re-setting of the correction values is to be
performed, from among the correction values having
been stored in the correction value storing means and
sets the correction values, which have thus been read
from the correction value storing means, as the correc-
tion values in the correction means.

Further, the fluorescence imaging apparatus in accordance
with the present invention, wherein the correction value
storing means is employed, should preferably be modified
such that the correction value storing means stores informa-
tion representing a temperature in the vicinity of the imaging
means and corresponding correction values, which have
been calculated by the correction value calculating means,

the fluorescence imaging apparatus further comprises:

temperature detecting means for detecting the tempera-
ture in the vicinity of the imaging means, and

re-setting judgment means for making a judgment for
each imaging operation and as to whether re-setting
of the correction values is to be or is not to be
performed, the judgment being made in accordance
with the presence or absence of a change in tem-
perature in the vicinity of the imaging means, and the
correction value setting means operates such that, in
cases where it has been judged by the re-setting
judgment means that the re-setting of the correction
values is to be performed, the correction value set-
ting means reads the correction values, which cor-
respond to the temperature in the vicinity of time
imaging means associated with the judgment in that
the re-setting of the correction values is to be
performed, from among the correction values having
been stored in the correction value storing means and
sets the correction values, which have thus been read
from the correction value storing means, as the
correction values in the correction means.

In the fluorescence imaging apparatus in accordance with
the present invention, the value of N should preferably be at
most 64, and should more preferably be at most 8.

With the first method of acquiring a fluorescence image
and the first apparatus for acquiring a fluorescence image in
accordance with the present invention, in which the intrinsic
fluorescence having been detected by the image sensor is
acquired as the image, the image sensor is set so as to satisfy
the condition formula:

RN+DN<0.22xPxHxG

Therefore, the number of electric charges occurring in the
imaging apparatus due to dark noise and reading noise is
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restricted to be smaller than the number of electric charges
occurring in the imaging apparatus due to the intrinsic
fluorescence produced from the measuring site.
Accordingly, the fluorescence image is capable of being
acquired with a high signal-to-noise ratio.

With the second method of acquiring a fluorescence
image and the second apparatus for acquiring a fluorescence
image in accordance with the present invention, in which the
intrinsic fluorescence having been detected by the image
sensor is acquired as the image, the image sensor is set s0 as
to satisfy the condition formulas:

(RN+DN)x1000xG <Fd
RN+DN)x1000xG<Fw

Therefore, the floating diffusion capacity and the full well
capacity of the imaging apparatus are capable of taking
sufficiently large values in comparison with the number of
electric charges occurring in the imaging apparatus due to
dark noise and reading noise. As a result, the fluorescence
image is capable of being acquired such that saturation is not
reached in the light receiving capacity of the imaging
apparatus.

With the first and second apparatuses for acquiring a
fluorescence image in accordance with the present
invention, wherein the reading frequency f of the image
sensor is set so as to satisfy the condition RN=DN, the sum
of the number of electric charges occurring due to dark noise
and the number of electric charges occurring due to reading
noise is capable of being minimized.

Also, with the first and second apparatuses for acquiring
a fluorescence image in accordance with the present
invention, wherein the image sensor is the CCD type of
image sensor or the MOS type of image sensor, the space for
the image sensor is capable of being kept small.

With the fluorescence imaging apparatus in accordance
with the present invention, wherein the imaging means is
provided with a plurality of output ports, the number of
pixels allocated to one output port is capable of being
reduced to one-half or less in comparison with the cases
where the imaging means is provided with only a single
output port. Therefore, even if the reading frequency is set
at a low value, signal charges of all pixels are capable of
being read within the reading time. Accordingly, reading
noise is capable of being suppressed and the signal-to-noise
ratio of the detected image is capable of being enhanced,
such that adverse effects do not occur on displaying of the
fluorescence image as a dynamic image.

In cases where the imaging surface is divided into N
number of imaging blocks, where N is at least 2, and each
of the output ports is provided for one of the N number of
imaging blocks, the imaging means provided with a plurality
of output ports can be formed easily. However, in such cases,
the uniformity of the characteristics of the output system,
which uniformity an image sensor naturally has, is lost.
Specifically, variations in output characteristics will occur
among N number of output channels, which extend from the
N number of imaging blocks to the composing means for
composing an image signal representing one image from the
image signals having been outputted from the output ports,
and division line patterns will appear in the formed image.
However, with the fluorescence imaging apparatus in accor-
dance with the present invention, the correction values are
calculated in accordance with variations in output charac-
teristics among N number of output channels, which extend
from the N number of imaging blocks to the composing
means. Also, the calculated correction values are set in the
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correction means for performing compensation for the varia-
tions in output characteristics. Therefore, the variations in
output characteristics are capable of being compensated for,
and the problems are capable of being prevented from
occurring in that division line patterns appear in the formed
image.

With the fluorescence imaging apparatus in accordance
with the present invention, wherein the correction means is
constituted of the signal transforming means, which stores
the offset values and the tone curve correction values, the
compensation for the output characteristics is capable of
being performed easily.

With the fluorescence imaging apparatus in accordance
with the present invention, wherein each of the imaging
blocks contains one of the non-exposure regions, the offset
values and the tone curve correction values, which act as the
correction values, are capable of being calculated from the
image signals having been detected in the state, in which
light impinges; upon the imaging surface of the imaging
means. Therefore, the calculations of the correction values
are capable of being made such that the ordinary imaging
operation is not obstructed.

With the fluorescence imaging apparatus in accordance
with the present invention, the offset values, which act as the
correction values, may be calculated from the image signals
having been detected in the state, in which light is blocked
from impinging upon the imaging surface of the imaging
means, and the tone curve correction values, which act as the
correction values, may be calculated from the image signals
having been detected in the state, in which light impinges
upon the imaging surface of the imaging means. In such
cases, all of the imaging blocks need not necessarily contain
the non-exposure regions, and therefore the flexibility in
manner of division of the imaging blocks is capable of being
enhanced.

With the fluorescence imaging apparatus in accordance
with the present invention, wherein the correction means is
constituted of the amplification means, in which the offset
values and the gains are capable of being adjusted, ampli-
fication means, which has heretofore been provided in a
signal processing circuit, can be utilized as the correction
means. Therefore, new circuit parts need not be provided,
and the production cost is capable of being kept low.

Also, with the fluorescence imaging apparatus in accor-
dance with the present invention, wherein each of the
imaging blocks contains one of the non-exposure regions,
the offset values and the gain adjustment values, which act
as the correction values, are capable of being calculated
from the image signals having been detected in the state, in
which light impinges upon the imaging surface of the
imaging means. Therefore, the calculations of the correction
values are capable of being made such that the ordinary
imaging operation is not obstructed.

With the fluorescence imaging apparatus in accordance
with the present invention, the offset values, which act as the
correction values, may be calculated from the image signals
having been detected in the state, in which light is blocked
from impinging upon the imaging surface of the imaging
means, and the gain adjustment values, which act as the
correction values, may be calculated from the image signals
having been detected in the state, in which light impinges
upon the imaging surface of the imaging means. In such
cases, all of the imaging blocks need not necessarily contain
the non-exposure regions, and therefore the flexibility in
manner of division of the imaging blocks is capable of being
enhanced.

It has been known that the output characteristics of the
output channels vary for different ambient temperatures.
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Also, the image signal, which has been detected in the
non-exposure region of the imaging surface of the imaging
means, is the one primarily due to dark current and varies for
different ambient temperatures. Therefore, if no change
occurs in signal intensity of the image signal, which has
been detected in the non-exposure region of the imaging
surface of the imaging means, it can be regarded that no
change occurs in output characteristics. Accordingly, a
change in signal intensity of the image signal, which has
been detected in one of the non-exposure regions, may be
investigated for each imaging operation. In cases where no
change in signal intensity occurs, it may be regarded that no
change occurs in output characteristics, and corrections may
be made by utilizing the correction values, which have
already been set in the correction means. In this manner, the
number of times of calculations of new correction values is
capable of being reduced, and the processing time required
to make the compensation for the output characteristics is
capable of being kept short.

With the fluorescence imaging apparatus in accordance
with the present invention, wherein the correction value
storing means is employed, the correction values, which
have been calculated in accordance with the variations in
output characteristics among N number of output channels
extending from the N number of imaging blocks to the
composing means and which have been stored in the cor-
rection value storing means, may be set in the correction
means for performing compensation for the variations in
output characteristics. Therefore, the number of pixels allo-
cated to one output port is capable of being reduced to a
value smaller than in cases where the imaging means is
provided with only a single output port. Therefore, even if
the reading frequency is set at a low value, signal charges of
all pixels are capable of being read within the reading time.
Accordingly, reading noise is capable of being suppressed
and the signal-to-noise ratio of the detected image is capable
of being enhanced, such that adverse effects do not occur on
displaying of the fluorescence image as a dynamic image.
Also, the variations in output characteristics are capable of
being compensated for, and the problems are capable of
being prevented from occurring in that division line patterns
appear in the formed image, such that adverse effects do not
occur on displaying of the fluorescence image as a dynamic
image.

With the fluorescence imaging apparatus in accordance
with the present invention, wherein the correction value
storing means is employed, the correction means may be
constituted of the signal transforming means, which stores
the offset values and the tone curve correction values, and
the correction value storing means may store the offset
values and the tone curve correction values as the correction
values. In such cases, the compensation for the output
characteristics is capable of being made easily.

With the fluorescence imaging apparatus in accordance
with the present invention, wherein the correction means is
constituted of the amplification means, in which the offset
values and the gains are capable of being adjusted, and the
correction value storing means stores the offset values and
gain adjustment values as the correction values, amplifica-
tion means, which has heretofore been provided in a signal
processing circuit, can be utilized as the correction means.
Therefore, new circuit parts need not be provided, and the
production cost is capable of being kept low.

With the fluorescence imaging apparatus in accordance
with the present invention, wherein the correction value
storing means is employed, the correction value storing
means may store the signal intensity or the mean value of
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signal intensities of the image signal having been detected in
the state, in which light is blocked from impinging upon the
imaging surface of the imaging means, and the correspond-
ing correction values. Also, for each imaging operation, a
change of the signal intensity or the mean value of signal
intensities of the image signal having been detected in the
state, in which light is blocked from impinging upon the
imaging surface of the imaging means, may be investigated.
In cases where a change of the signal intensity or the mean
value of signal intensities of the image signal occurs, the
correction values, which correspond to the signal intensity
or the mean value of signal intensities of the image signal
associated with the judgment in that the re-setting of the
correction values is to be performed, may be read from
among the correction values having been stored in the
correction value storing means and may be set as the
correction values in the correction means. In such cases, the
processing for calculating the correction values is capable of
being omitted, and the processing time required to make the
compensation for the output characteristics is capable of
being kept short.

With the fluorescence imaging apparatus in accordance
with the present invention, wherein the correction value
storing means is employed, the correction value storing
means may store the signal intensity or the mean value of
signal intensities of the image signal, which has been
detected in one of the non-exposure regions, and corre-
sponding correction values. Also, for each imaging
operation, a change of the signal intensity or the mean value
of signal intensities of the image signal, which has been
detected in one of the non-exposure regions, may be inves-
tigated. In cases where a change of the signal intensity or the
mean value of signal intensities of the image signal occurs,
the correction values, which correspond to the signal inten-
sity or the mean value of signal intensities of the image
signal associated with the judgment in that the re-setting of
the correction values is to be performed, may be read from
among the correction values having been stored in the
correction value storing means and may be set as the
correction values in the correction means. In such cases, the
processing for calculating the correction values is capable of
being omitted, and the processing time required to make the
compensation for the output characteristics is capable of
being kept short. Also, the change of the signal intensity or
the mean value of signal intensities of the image signal,
which has been detected in one of the non-exposure regions,
can be detected by utilizing the ordinary imaging operation.
Therefore, the processing for the compensation for the
output characteristics is capable of being simplified.

With the fluorescence imaging apparatus in accordance
with the present invention, wherein the correction value
storing means is employed, the correction value storing
means may store the information representing the tempera-
ture in the vicinity of the imaging means and the corre-
sponding correction values, which have been calculated by
the correction value calculating means, and the temperature
detecting means for detecting the temperature in the vicinity
of the imaging means may be provided. Also, for each
imaging operation, a change in temperature in the vicinity of
the imaging means may be investigated. In cases where a
change in temperature occurs, the correction values, which
correspond to the temperature in the vicinity of the imaging
means associated with the judgment in that the re-setting of
the correction values is to be performed, may be read from
among the correction values having been stored in the
correction value storing means and may be set as the
correction values in the correction means. In such cases, the
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processing for calculating the correction values is capable of
being omitted, and the processing time required to make the
compensation for the output characteristics is capable of
being kept short. Also, the acquisition and comparison of the
temperature in the vicinity of the imaging means can be
performed with simple processing. Therefore, the processing
for the compensation for the output characteristics is capable
of being simplified even further.

With the fluorescence imaging apparatus in accordance
with the present invention, wherein the value of N, i.e. the
number of division of the imaging surface, falls within the
range of 2 to 64, the reading frequency is capable of being
set at a low value, and reading noise is capable of being
suppressed, such that peripheral circuits and the compensa-
tion processing may not become complicated. Also, in cases
where the value of N, i.e. the number of division of the
imaging surface, falls within the range of 2 to 8, the
peripheral circuits and the compensation processing are
capable of being simplified even further.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing a fluorescence
endoscope system, in which an embodiment of the apparatus
for acquiring a fluorescence image in accordance with the
present invention is employed,

FIG. 2 is an explanatory view showing a range of irra-
diation of excitation light,

FIG. 3 is a graph showing relationship between a distance
from a leading end of a measuring probe to an object and
power density of excitation light,

FIG. 4 is a graph showing relationship between a total
number of noise charges DRN and an area of one pixel S,

FIG. 5 is a graph showing relationship between the total
number of noise charges DRN and a reading frequency f,

FIG. 6 is a graph showing relationship among the total
number of noise charges DRN, the reading frequency f, and
the area of one pixel S,

FIG. 7 is a graph showing relationship among the total
number of noise charges DRN, the reading frequency f, and
the area of one pixel S,

FIG. 8 is a graph showing relationship among the total
number of noise charges DRN, the reading frequency f, and
the area of one pixel S,

FIG. 9 is a schematic view showing an endoscope system,
in which a first embodiment of the fluorescence imaging
apparatus in accordance with the present invention is
employed,

FIG. 10 is a schematic view showing part of a CCD image
sensor employed in the endoscope system, in which the first
embodiment of the fluorescence imaging apparatus in accor-
dance with the present invention is employed,

FIG. 11 is a schematic view showing an endoscope
system, in which a second embodiment of the fluorescence
imaging apparatus in accordance with the present invention
is employed,

FIG. 12 is a schematic view showing an endoscope
system, in which a third embodiment of the fluorescence
imaging apparatus in accordance with the present invention
is employed,

FIG. 13 is a schematic view showing an endoscope
system, in which a fourth embodiment of the fluorescence
imaging apparatus in accordance with the present invention
is employed,

FIG. 14 is a schematic view showing an endoscope
system, in which a fifth embodiment of the fluorescence
imaging apparatus in accordance with the present invention
is employed,
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FIG. 15 is a schematic view showing an endoscope
system, in which a sixth embodiment of the fluorescence
imaging apparatus in accordance with the present invention
is employed, and

FIG. 16 is a graph showing spectral intensity distributions
of fluorescence produced from normal tissues and fluores-
cence produced from diseased tissues.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will hereinbelow be described in
further detail with reference to the accompanying drawings.

FIG. 1 is a schematic view showing a fluorescence
endoscope system, in which an embodiment of the apparatus
for acquiring a fluorescence image in accordance with the
present invention is employed.

With reference to FIG. 1, a fluorescence endoscope sys-
tem 800 comprises a light source unit 810 for producing
excitation light Le having a wavelength of 410 nm. The
fluorescence endoscope system 800 also comprises an endo-
scope unit 820 for receiving the excitation light Le from the
light source unit. 810, irradiating the excitation light Le
through an optical fiber 21 to living body tissues 1, imaging
intrinsic fluorescence Kj, which has been produced from the
living body tissues 1 when the excitation light Le is irradi-
ated to the living body tissues 1, with an image sensor 25,
and feeding out an image signal, which represents the image
of the intrinsic fluorescence Kj, through a cable 26. The
fluorescence endoscope system 800 further comprises an
image signal read-out unit 830 for reading out the image
signal from the endoscope unit 820, and transforming the
image signal into a video signal. The fluorescence endo-
scope system 800 still further comprises a display device
840 for receiving the video signal from the image signal
read-out unit 830, reproducing a visible image from the
video signal, and displaying the visible image.

The endoscope unit 820 comprises an operating section
822, which is connected to the light source unit 810 and the
image signal read-out unit 830. The endoscope unit 820 also
comprises a measuring probe section 821. The measuring
probe section 821 is provided with an irradiating lens 22 for
irradiating the excitation light Le to the living body tissues
1, and an image forming lens 23 for forming the image of the
living body tissues 1, which image is obtained with the
intrinsic fluorescence Kj having been produced from the
living body tissues 1, on the image sensor 25 via a prism 24.
(The image of the living body tissues 1 obtained with the
intrinsic fluorescence Kj will hereinbelow be referred to as
the intrinsic fluorescence image Zj.) The optical fiber 21 and
the cable 26 extend in the endoscope unit 820 from the
operating section 822 to the measuring probe section 821.
An excitation light. cut-off filter for blocking light having a
wavelength of 410 nm is combined with a light receiving
surface of the image sensor 25.

How the fluorescence endoscope system 800 operates will
be described hereinbelow. The excitation light Le, which has
bee produced by the light source unit 810, impinges upon an
end face 214 of the optical fiber 21, is guided through the
optical fiber 21, and emanates from an end face 21b of the
optical fiber 21. The excitation light Le, which has emanated
from the end face 21b, is irradiated from the irradiating lens
22 as excitation light having been diverged to an angle of
approximately 120° and having an output of 100 mW. The
intrinsic fluorescence image Zj of the intrinsic fluorescence
Kj, which has been produced from the living body tissues 1
when the excitation light Le is irradiated to the living body
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tissues 1, passes through the image forming lens 23 and
impinges upon the prism 24. The direction of the optical path
of the intrinsic fluorescence image Zj is changed by the
prism 24 by an angle of approximately 90°, and the intrinsic
fluorescence image Zj is formed on the image sensor 25. At
this time, the excitation light Le is blocked by the excitation
light cut-off filter, which is combined with the light receiving
surface of the image sensor 25, and therefore only the
intrinsic fluorescence image Zj is received by the image
sensor 25. The intrinsic fluorescence image Zj having been
formed on the image sensor 25 is detected by the image
sensor 25 and converted into an electric image signal. The
thus obtained image signal is transmitted through the cable
26 and read out by the image signal read-out unit 830. The
image signal is transformed by the image signal read-out
unit 830 into the video signal. The video signal is fed from
the image signal read-out unit 830 into the display device
840. The display device 840 reproduces a visible image from
the video signal and displays the visible image.

In the first embodiment of the apparatus for acquiring a
fluorescence image in accordance with the present
invention, conditions are set in the manner described below
in order for the intrinsic fluorescence Kj, which has been
produced from a measuring range extending from a near
point to a remote point, to be acquired with a sufficiently
high signal-to-noise ratio, such that saturation may not be
reached in the light receiving capacity of the imaging
apparatus.

Specifically, such that the intensity of the intrinsic fluo-
rescence Kj, which has been produced from diseased tissues,
such as cancerous tissues, located in a measuring region at
a remote point, may be acquired with a signal-to-noise ratio
of at least 1, the image sensor 25 is set in accordance with
Formula (1) shown below.

RN+DN<0.22xPxHXG o)

Also, in order for the intrinsic fluorescence Kj, which has
been produced from a near point, to be acquired such that
saturation may not be reached in the light receiving capacity
of the imaging apparatus, the image sensor 25 is set in
accordance with Formulas (2) and (3) shown below.

(RN+DN)x1000xG<Fd )

&

In the formulas described above, RN represents the num-
ber of electric charges occurring due to reading noise, DN
represents the number of electric charges occurring due to
dark noise (i.e., due to dark current), P represents the
irradiation output of the excitation light (in mW), H repre-
sents the quantum efficiency of the image sensor, G repre-
sents the electron multiplication factor of the image sensor,
Fd represents the number of electric charges corresponding
to the floating diffusion capacity, and Fw represents the
number of electric charges corresponding to the full well
capacity.

Also, RN and DN may be represented by the formulas
shown below.

(®N+DN)x1000xG<Fw

RN=0.175% 77712
DN=(tread+texp)xSxnx e
tread=(N/n)/(fx 10°xM)+{ (n—1)x (N/m) H/(fx 107x M)

#(T)=4.1913x10%(273+T)%-3.8015x10 2% (273+T)7+1.2197x
(273+T)-136

in which S represents the area of one pixel (in um?), f
represents the reading frequency (in megapixel/sec), N rep-
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resents the total number of pixels, n represents the number
of pixels subjected to pixel binning, M represents the
number of reading ports, texp represents the exposure time
(in sec), and T represents the temperature of the image
sensor (in ° C.).

Firstly, how the right-hand side of Formula (1) is defined
will be described hereinbelow. A first image acquisition
requirement of the fluorescence endoscope is that the intrin-
sic fluorescence Kj, which is produced from the cancerous
tissues located at a position 50 mm spaced apart from the
leading end of the measuring probe section 821 when the
excitation light Le having a wavelength of 410 nm is
irradiated to the cancerous tissues, be detected with a
signal-to-noise ratio of at least 1. Specifically, as illustrated
in FIG. 2, it is required that, when the excitation light Le
having an irradiation output of 100 mW is radiated out at a
divergence angle of 120° from a radiating-out point Q of the
irradiating lens 22, the intrinsic fluorescence Kj, which is
produced from the cancerous tissues located at a position B
50 mm spaced apart from the radiating-out point Q, be
acquired as an image with a signal-to-noise ratio of at least
1.

As indicated by a point bl in the bi-logarithmic graph of
FIG. 3, the power density of the excitation light Le, which
is irradiated to the position B with the setting described
above, is equal to 0.004 (mW/mm?). The image of the
intrinsic fluorescence Kj, which is produced from the can-
cerous tissues when the cancerous tissues are exposed to the
excitation light Le having the power density of 0.004
(mW/mm?), may be formed on a pixel of the image sensor
235 by the image forming lens 23 and may be detected for an
exposure time of 40 second. In such cases, for example, if
the quantum efficiency H and the electron multiplication
factor G of the image sensor 25 are equal to 1 and the area
of one pixel S is 10 um?, the number of electric charges
accumulated at the pixel of the image sensor 25 will be equal
to approximately 22. In order for the 22 electric charges to
be read with a signal-to-noise ratio of at least 1, it is
necessary for the number of electric charges constituting
noise, which are read from the same pixel, to be restricted to
a value smaller than 22.

In order for the setting described above to be generalized
even further, in cases where the irradiation output P of the
excitation light Le is 100 mW, and the quantum efficiency H
and the electron multiplication factor G of the image sensor
25 are equal to 1, even if the area of one pixel S and the
number of pixels subjected to pixel binning, which pixels are
processed as being equivalent to one pixel, alter, the mini-
mum number of the electric charges, which are read from
one pixel (or the pixels processed as being equivalent to one
pixel) with a signal-to-noise ratio of at least 1, may be
fixedly assumed to be 22. Also, it is set such that the sum of
the electric charges due to dark noise and reading noise
occurring from one pixel (or the pixels processed as being
equivalent to one pixel) becomes less than 22.

Also, with the setting described above being taken as
reference setting, the irradiation output P of the excitation
light Le, the quantum efficiency H of the image sensor 25,
and the electron multiplication factor G of the image sensor
25 are taken as variables, and the minimum number of the
electric charges occurring from one pixel (or the pixels
processed as being equivalent to one pixel), which electric
charges are to be read with a signal-to-noise ratio of at least
1, is calculated. The calculation is made with the formula:

22%(P/100)xHxG=0.22xPxHxG (pieces)

Therefore, the thus obtained formula is defined as the
right-hand side of Formula (1).
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Specifically, the irradiation output P is 100 mW, and
image detection is performed with front exposure by utiliz-
ing the CCD image sensor. Also, the quantum efficiency H
of the image sensor is H=0.4, and the electron multiplication
factor G of the image sensor is G=1. Therefore, according to
the conditions described above, the minimum setting num-
ber of the electric charges, which are accumulated in one
pixel (or the pixels processed as being equivalent to one
pixel), is 0.22x100x0.4x1=8.8. The minimum setting
number, 8.8, of the electric charges, which are accumulated
in one pixel (or the pixels processed as being equivalent to
one pixel), will hereinbelow be rounded and simplified as
being 10.

How the left-hand side of Formula (1) is defined will be
described hereinbelow. In cases where the intrinsic fluores-
cence image Zj is detected with front exposure by utilizing
the CCD image sensor in the manner described above, it is
necessary that the sum of the number of the electric charges
due to dark noise and the number of the electric charges due
to reading noise, which electric charges occur from one pixel
(or the pixels processed as being equivalent to one pixel), be
restricted to a value smaller than 10. The setting for satis-
fying the requirement may be performed in various manners
and may be performed in the manner described below.

For example, in cases where front exposure is performed
by utilizing the CCD image sensor, it may be set such that
T=20 (° C.), N=250,000 (pieces), n=16 (pieces), f=1
(megapixel/sec),and M=1 (port). Also,texp may be set step-
wise to be Yo, Y50, Va0, and Y500 (sec), and the area of one
pixel S may be set at various different values ranging from
1 to 100 (um?). In such cases, the relationship between the
value of the area of one pixel S and the sum DN+RN of the
number of the electric charges due to dark noise and the
number of the electric charges due to reading noise is
represented by the graph of FIG. 4. (The sum DN+RN will
hereinbelow be referred to as the total number of noise
charges DRN.) In FIG. 4, the arca of one pixel S is plotted
on the X axis, and the total number of noise charges DRN
is plotted on the Y axis. As illustrated in FIG. 4, the range
of the setting, with which the total number of noise charges
DRN occurring from one pixel (or the pixels processed as
being equivalent to one pixel) can be restricted to be smaller
than 10 (pieces), is the range of Y<10, which is indicated as
“Area 1.” Specifically, for example, the setting may be
performed with setting values such that DRN=6 (pieces)
under the conditions of texp=Y400 (sec) and S=5 (um?)
indicated at a point ul, setting values such that DRN=9
(pieces) under the conditions of texp=Yioo (sec) and S=6.5
(um?) indicated at a point u2, or setting values such that
DRN=4 (pieces) under the conditions of texp="30 (sec) and
$=2 (um®) indicated at a point u3.

Also, as a different example, in cases where front expo-
sure is performed by utilizing the CCD image sensor, it may
be set such that T=20 (° C.), N=250,000 (picces), n=16
(pieces), M=1, 2, 4, and 8 (port), S=10 (um?), and texp="4i00
(sec). Also, the reading frequency f may be set at various
different values ranging from f=0.1 (megapixel/sec) to
f=100 (megapixel/sec). In such cases, the relationship
between the value of the reading frequency f and the total
number of noise charges DRN is represented by the graph of
FIG. 5. In FIG. 5, the reading frequency f is plotted on the
X axis, and the total number of noise charges DRN is plotted
on the Y axis. As illustrated in FIG. §, the range of the
setting, with which the total number of noise charges DRN
occurring from one pixel (or the pixels processed as being
equivalent to one pixel) can be restricted to be smaller than
10 (pieces), is the range of Y<10, which is indicated as
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“Area 2.” Specifically, for example, the setting may be
performed with setting values such that DRN=6 (pieces)
under the conditions of M=8 (ports) and f=5 (megapixel/sec)
indicated at a point vl, setting values such that DRN=9
(picces) under the conditions of M=2 (ports) and f=1
(megapixel/sec) indicated at a point v2, or setting values
such that DRN=7 (pieces) under the conditions of M=1
(port) and =10 (megapixel/sec) indicated at a point v3.

As a further different example, in cases where front
exposure is performed by utilizing the CCD image sensor, it
may be set such that T=0, 10, and 20 (° C.), N=250,000
(pieces), n=16 (pieces), M=1 (port), and texp=Y40 (sec).
Also, the area of one pixel S may be varied by 10 (um?)
stepwise from S=10 (um?) to S=100 (um?), and the reading
frequency f may beset at various different values ranging
from f=0.1 (megapixel/sec) to =20 (megapixel/sec). In such
cases, the relationship among the reading frequency f, the
area of one pixel S, and the total number of noise charges
DRN is represented by the three-dimensional graphs of FIG.
6, FIG. 7, and FIG. 8. In FIG. 6, FIG. 7, and FIG. 8, the
reading frequency f is plotted on the X axis, the area of one
pixel S is plotted on the Y axis, and the total number of noise
charges DRN is plotted on the Z axis. As illustrated in FIG.
6, FIG. 7, and FIG. 8, the range of the setting, with which
the total number of noise charges DRN occurring from one
pixel (or the pixels processed as being equivalent to one
pixel) can be restricted to be smaller than 10 (pieces), is the
range indicated by the solid line lower than the Z=10 plane.
The range is indicated as “Area 3a” in FIG. 6, “Area 3b” in
FIG. 7, and “Area 3¢” in FIG. 8. The graph of FIG. 6 is for
the cases where T=0 (° C.). The graph of FIG. 7 is for the
cases where T=10 (° C.). The graph of FIG. 8 is for the cases
where T=20 (° C.).

As indicated by “Area 3a” in FIG. 6, in cases where T=0
(° C), as the range of the setting, with which the total
number of noise charges DRN occurring from one pixel (or
the pixels processed as being equivalent to one pixel) can be
restricted to be smaller than 10 (pieces), one of a wide
variety of combinations of the values may be selected.
However, as indicated by “Area 3b” in FIG. 7, in cases
where the image sensor temperature T is T=10 (° C.), the
range of the setting, with which the total number of noise
charges DRN occurring from one pixel (or the pixels pro-
cessed as being equivalent to one pixel) can be restricted to
be smaller than 10 (pieces), becomes narrow. Also, as
indicated by “Area 3¢” in FIG. 8, in cases where the image
sensor temperature T'is T=20 (° C.), the range of the setting,
with which the total number of noise charges DRN occurring
from one pixel (or the pixels processed as being equivalent
to one pixel) can be restricted to be smaller than 10 (pieces),
becomes narrow even further.

As described above, the range of the setting satisfying the
conditions of Formula (1), with which the total number of
noise charges DRN occurring from one pixel (or the pixels
processed as being equivalent to one pixel) can be restricted
to be smaller than 10 (pieces), may be selected from various
combinations of setting values.

In cases where the fluorescence endoscope system is
constituted such that the intrinsic fluorescence image Zj is
not guided through the image fiber and is directly formed on
the image sensor, limitation represented by Formula (4)
shown below is imposed upon the size of the image sensor.

@

in which Focus represents the focal length of the image
forming lens, 6 represents a value ranging from 50 (deg) to
60 (deg), and D represents the length of the diagonal line of

Focusxtan0=D/2
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the image sensor. Specifically, in cases where the length of
the diagonal line, D, of the image sensor is determined,
limitation is imposed upon the relationship between the total
number of pixels N and the area of one pixel S. Therefore,
it is necessary for the range satisfying Formula (4) to be
selected from the ranges described above, and the setting
values of the image sensor are thereby determined.

In cases where back exposure is performed by utilizing
the CCD image sensor, the quantum efficiency H becomes
H=0.9 and thus becomes approximately two times as high as
the quantum efficiency H in the front exposure. Therefore, in
such cases, values may be set such that the total number of
noise charges DRN becomes smaller than approximately 20.

In order for the intrinsic fluorescence Kj, which has been
produced from a near point, to be detected as an image such
that saturation may not be reached in the light receiving
capacity of the imaging apparatus, the image sensor 25 is set
in accordance with Formulas (2) and (3) in the manner
described below.

A second image acquisition requirement of the fluores-
cence endoscope is that the intrinsic fluorescence Kj, which
is produced from the normal tissues located at a position 5
mm spaced apart from the leading end of the measuring
probe section 821 when the excitation light Le having a
wavelength of 410 nm is irradiated to the normal tissues, be
detected such that saturation may not be reached in the light
receiving capacity of the pixel of the image sensor 25.
Specifically, as illustrated in FIG. 2, it 1s required that, when
the excitation light Le having an irradiation output of 100
mW is radiated out at a divergence angle of 120° from the
radiating-out point Q of the irradiating lens 22, the intrinsic
fluorescence Kj, which is produced from the normal tissues
located at a position A 5 mm spaced apart from the radiating-
out point Q, be acquired as an image such that saturation
may not be reached in the light receiving capacity of the
imaging apparatus.

As indicated by a point al in the bi-logarithmic graph of
FIG. 3, the power density of the excitation light Le, which
is irradiated to the position A with the setting described
above, is equal to 0.4 (mW/mm?), which is 100 times as high
as the power density of the excitation light Le, which is
irradiated to the position B. As in cases where the image of
the cancerous tissues located at the position B is detected,
the image of the intrinsic fluorescence Kj, which is produced
from the normal tissues when the normal tissues are exposed
to the excitation light Le having the power density of 0.4
(mW/mm?), may be formed on the image sensor 25 by the
image forming lens 23 and may be detected for an exposure
time of Y50 second. In such cases, for example, if the
quantum efficiency H and the electron multiplication factor
G of the image sensor 25 are equal to 1 and the area of one
pixel S is 10 um?, the number of electric charges (the signal
charges) accumulated at the pixel of the image sensor 25 will
be equal to approximately 22,000, which is 1,000 times as
large as the number of electric charges occurring in one pixel
when the image of the cancerous tissues located at the
position B is detected. (When the excitation light Le having
an identical power density is irradiated to the normal tissues
and the cancerous tissues, the normal tissues produce the
intrinsic fluorescence Kj having an intensity approximately
10 times as high as the intensity of the intrinsic fluorescence
Kj produced by the cancerous tissues. Also, in this case, the
power density of the excitation light Le, which is irradiated
to the position A, is 100 times as high as the power density
of the excitation light Le, which is irradiated to the position
B. Therefore, the number of electric charges accumulated at
the pixel of the image sensor 25 is 1,000 times as large as the
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number of electric charges occurring in one pixel when the
image of the cancerous tissues located at the position B is
detected.)

Specifically, in order for the second image acquisition
requirement to be satisfied when the electron multiplication
factor G is equal to 1, it is necessary for the light receiving
capacity of the imaging apparatus to be more than 1,000
times as high as the intensity of noise. Therefore, the
dynamic range required of the imaging apparatus becomes
wider than 1:1,000,

In cases where the fluorescence endoscope system is used
in practice, it is necessary that the image of the cancerous
tissues located at the remote point be acquired with a
signal-to-noise ratio of at least 1, and a dynamic range
capable of accommodating the intrinsic fluorescence Kj,
which is produced from the normal tissues located at the
near point, within the light receiving capacity of the imaging
apparatus be obtained. Therefore, it is necessary for the
image sensor 25 to be set such that the condition of Formula
(1) is satisfied, and at the same time the conditions of
Formulas (2) and (3) are satisfied. However, the number of
electric charges Fd corresponding to the floating diffusion
capacity is the value having relation to the reading frequency
f, and the number of electric charges Fw corresponding to
the full well capacity is the value having relation to the area
of one pixel S. Therefore, the number of electric charges Fd
corresponding to the floating diffusion capacity and the
number of electric charges Fw corresponding to the full well
capacity cannot be determined independently of the total
number of noise charges DRN. Accordingly, as specific
means for setting the image sensor 25 such that the condition
of Formula (1) is satisfied, and at the same time the
conditions of Formulas (2) and (3) are satisfied, the setting
range for the image sensor 25 satisfying the first image
acquisition requirement, i.e. Formula (1), may be deter-
mined by utilizing the graphs illustrated in FIGS. 4 to 8, and
the like, and setting values for the image sensor 25 which
satisfy the conditions of Formulas (2) and (3) i.e. the setting
values capable of obtaining the dynamic range wider than
1:1,000, may then be selected from the setting range having
been determined. In this manner, the setting values for the
image sensor 25, which satisfy the first image acquisition
requirement and the second image acquisition requirement.,
can be determined. Specifically, the setting values for the
image sensor 25, which satisfy Formula (1), Formula (2),
and Formula (3), can be determined.

Also, within the setting range for the image sensor 25
having been determined in the manner described above, the
setting value of the image sensor temperature T may be
fixed, and the value of the reading frequency f satisfying the
condition RN=DN may be selected. In such cases, under the
condition of the setting value of the image sensor tempera-
ture T, the first image acquisition requirement and the second
image acquisition requirement are capable of being satisfied,
and the total number of noise charges DRN is capable of
being minimized.

Further, in cases where the image sensor 25 is constituted
of the CCD type of image sensor or the MOS type of image
sensor, the space for the image sensor is capable of being
kept small. The CCD type of image sensor may be of the
front exposure type or the back exposure type.

In the embodiment of the apparatus for acquiring a
fluorescence image in accordance with the present
invention, the image acquisition is performed by setting the
imaging apparatus so as to satisty Formulas (1), (2), and (3).
Alternatively, the image acquisition may be performed by
setting the imaging apparatus so as to satisfy only Formula
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(1). As another alternative, the image acquisition may be
performed by setting the imaging apparatus so as to satisfy
Formulas (2) and (3). In the former case, at least the effects
of acquiring the image of the cancerous tissues, which are
located at the remote point, with a signal-to-noise ratio of at
least 1 are capable of being obtained. In the latter case, at
least the effects of obtaining the dynamic range of at least
1:1,000 are capable of being obtained.

As described above, with the method and apparatus for
acquiring a fluorescence image in accordance with the
present invention, the image of the intrinsic fluorescence
produced from a measuring site located at the remote point
is capable of being acquired with a high signal-to-noise
ratio, and the image of the intrinsic fluorescence produced
from a measuring site located at the near point is capable of
being acquired such that saturation is not reached in light
receiving capacity of the imaging apparatus.

Embodiments of the fluorescence imaging apparatus in
accordance with the present invention will be described
hereinbelow.

An endoscope system, in which a first embodiment of the
fluorescence imaging apparatus in accordance with the
present invention is employed, will be described hereinbe-
low with reference to FIG. 9 and FIG. 10. FIG. 9 is a
schematic view showing the endoscope system, in which the
first embodiment of the fluorescence imaging apparatus in
accordance with the present invention is employed. In the
endoscope system, excitation light is irradiated to a mea-
suring site in a living body, and the fluorescence having been
produced from the measuring site is guided through an
image fiber and detected by a CCD image sensor having four
output ports. Also, image signals having thus been detected
are stored in an image memory and utilized for displaying a
fluorescence image on a cathode ray tube (CRT) display
device. When signal charges are read from the CCD image
sensor, the signal charges are read at a reading frequency of
3.67 MHz, which is % times as high as the conventional
reading frequency of 14.7 MHz. Further, the endoscope
system is provided with a look-up table for compensation for
variations in output characteristics among the output ports of
the CCD image sensor, and an image memory for storing the
image signals having been obtained from the compensation.

The endoscope system, in which the first embodiment of
the fluorescence imaging apparatus in accordance with the
present invention is employed, comprises an endoscope 100
to be inserted into a region of a patient, which region is
considered as being a diseased part, and an illuminating unit
110 provided with a light source for producing the excitation
light, which is used for obtaining a fluorescence image. The
endoscope system also comprises an imaging unit 120 for
receiving the fluorescence, which has been produced from
the measuring site in the living body when the excitation
light is irradiated to the measuring site, and forming image
signals representing the image of the fluorescence. The
endoscope system further comprises an image processing
unit 130 for performing image processing for displaying the
fluorescence image, which has been detected by the imaging
unit 120, as a visible image. The endoscope system still
further comprises a control unit 140 for controlling the
imaging operations. The endoscope system also comprises a
CRT display device 150 for displaying the fluorescence
image, which has been processed by the image processing
unit 130, as a visible image.

A light guide 101 and an image fiber 102 extend in the
endoscope 100 up to a leading end of the endoscope 100. An
illuminating lens 103 is located at a leading end of the light
guide 101, i.e. at the leading end of the endoscope 100. The
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image fiber 102 is constituted of glass fibers, and a con-
verging lens 104 is located at a leading end of the image fiber
102. The light guide 101 is constituted of a quartz glass fiber
and is connected to the illuminating unit 110.

The illuminating unit 110 comprises a GaN type of
semiconductor laser 111 for producing excitation light L1,
which is used for obtaining a fluorescence image, and an
electric power source 112, which is electrically connected to
the GaN type of semiconductor laser 111.

The imaging unit 120 comprises an excitation light cut-off
filter 121 for filtering out light, which has wavelengths
falling within a wavelength region of at most 430 nm in the
vicinity of the wavelength of the excitation light L1, from
fluorescence 1.2 having passed through the image fiber 102.
The imaging unit 120 also comprises a CCD image sensor
123.

As illustrated in FIG. 10, the CCD image sensor 123 is
provided with an imaging surface 11, which comprises an
array of nxm pixels. A region inward from a circle inscribed
in the peripheral sides of the imaging surface 11 is an image
exposure region 12, which is utilized for the imaging.
Regions outward from the image exposure region 12 in the
imaging surface 11 are non-exposure regions 13, 13, which
are blocked by thin metal films, and the like. The imaging
surface 11 is divided into four imaging blocks 14a, 14b, 14c,
and 14d. Horizontal shift registers 15a, 15b, 15¢, and 15d are
provided respectively for the imaging blocks 14a, 14b, 14c,
and 14d. The horizontal shift registers 15a, 15b, 15¢, and
15d are connected respectively to output circuits 16a, 16b,
16¢, and 16d. The output circuits 16a, 165, 16¢, and 164 are
connected respectively to output ports 17a, 17b, 17¢, and
17d.

The image processing unit 130 comprises amplifiers
131a, 1315, 131c, and 1314 for amplifying image signals,
which have been obtained from the CCD image sensor 123.
The image processing unit 130 also comprises analog-to-
digital converting circuits 132a, 132b, 132¢, and 1324 for
digitizing the image signals, which have been amplified
respectively by the amplifiers 131a, 131b, 131c, and 1314.
The image processing unit 130 further comprises an image
memory 133 for storing the image signals having been
digitized, and a look-up table 134 for performing transform
of the image signal having been received from the image
memory 133. The image processing unit 130 still further
comprises an image memory 133 for storing the image
signal having been obtained from the look-up table 134, and
a digital-to-analog converter 136 for performing digital-to-
analog conversion of the image signal and feeding the
obtained analog image signal into the CRT display device
150.

The control unit 140 comprises a correction control
section 141 for controlling the correcting operations for
compensation for variations in image signal output charac-
teristics. The control unit 140 also comprises a timing
control section 142, which is connected to the respective
units and controls the operation timings. The correction
control section 141 is connected to the image memory 133
and the look-up table 134.

The CCD image sensor 123 constitutes the imaging
means of the fluorescence imaging apparatus in accordance
with the present invention. The look-up table 134 constitutes
the signal transforming means of the fluorescence imaging
apparatus in accordance with the present invention. The
image memory 133 constitutes the composing means of the
fluorescence imaging apparatus in accordance with the
present invention. The correction control section 141 con-
stitutes the correction value calculating means and the
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correction value setting means of the fluorescence imaging
apparatus in accordance with the present invention.

How the endoscope system, in which the first embodi-
ment of the fluorescence imaging apparatus in accordance
with the present invention is employed, operates will be
described hereinbelow.

The electric power source 112 for the GaN type of
semiconductor laser 111 is driven in accordance with a
control signal fed from the timing control section 142, and
the excitation light L1 having a wavelength of 410 nm is
produced by the GaN type of semiconductor laser 111. The
excitation light T.1 passes through a lens 113 and impinges
upon the light guide 101. The excitation light L1 is guided
through the light guide 101 to the leading end of the
endoscope 100 and is irradiated through the illuminating
lens 103 to a measuring site 1.

When the measuring site 1 is exposed to the excitation
light L1, the fluorescence 1.2 is produced from the measur-
ing site 1. The fluorescence 1.2 is converged by the con-
verging lens 104 and impinges upon the leading end of the
image fiber 102. The fluorescence [.2 then passes through
the image fiber 102 and impinges upon the excitation light
cut-off filter 121 of the imaging unit 120. Light, which has
wavelengths falling within a wavelength region of at most
430 nm in the vicinity of the wavelength of the excitation
light L1, is filtered out from the fluorescence .2 by the
excitation light cut-off filter 121, and an image of the
fluorescence 1.2 is formed on the CCD image sensor 123 by
a lens 122.

In the CCD image sensor 123, the fluorescence L2 is
photoelectrically converted by the imaging surface 11, and
the resulting signal charges are accumulated at pixels of the
imaging blocks 14a, 14b, 14c, and 14d. The signal charges,
which have been accumulated in the imaging blocks 14a,
14D, 14c, and 144, are transferred respectively with prede-
termined timings into the horizontal shift registers 154, 15b,
15¢, and 15d and converted by the output circuits 16a, 16b,
16¢, and 164 from voltage signals to electric current image
signals. The thus obtained image signals are fed out from the
output ports 17a, 17b, 17¢, and 174.

Also, in accordance with a control signal fed from the
timing control section 142, the image signals, which have
been detected respectively by the imaging blocks 14a, 14b,
14¢, and 144, are read with a reading frequency of 3.67 MHz
from the output ports 174, 17b, 17¢, and 174 and fed into the
amplifiers 131a, 1315, 131c, and 131d of the image pro-
cessing unit 130.

The image signals, which have been amplified by the
amplifiers 131a, 1315, 131c¢, and 131d, are digitized respec-
tively (by the analog-to-digital converting circuits 132a,
132b, 132¢, and 1324. The thus obtained digital image
signals are stored in the image memory 133.

The correction control section 141 reads the image signals
from the image memory 133 and calculates correction
values for compensation for variations in output character-
istics among the four output channels, which extend from
the imaging blocks 14a, 14b, 14¢, and 144 of the CCD image
sensor 123 to the image memory 133. The correction values
are calculated in the manner described below.

Firstly, the correction control section 141 calculates the
mean value of the signal intensities of the image signal,
which has been detected in the non-exposure region of each
of the imaging blocks 14a, 14b, 14¢, and 14d. Also, for each
of the imaging blocks 14b, 14¢, and 144, an offset value is
calculated such that the mean value obtained for each
imaging block may become approximately identical with the
mean value calculated for the imaging block 14a.
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Thereafter, the offset value for the imaging block 14b is
subtracted from the signal intensities of the image signal,
which has been detected in the image exposure region of the
imaging block 14b. In the same manner, the offset values for
the imaging blocks 14¢ and 14d are subtracted respectively
from the signal intensities of the image signals, which have
been detected in the image exposure regions of the imaging
blocks 14¢ and 14d. Thereafter, the signal intensity of the
image signal, which has been detected at the right end of the
imaging block 14a, and the signal intensity of the image
signal, which has been detected at the left end of the imaging
block 14b, are compared with each other. A tone curve
correction value for the imaging block 14b is then calculated
such that the signal intensity of the image signal, which has
been detected at the left end of the imaging block 14b, may
become approximately identical with the signal intensity of
the image signal, which has been detected at the right end of
the imaging block 14a. By the utilization of the tone curve
correction value for the imaging block 14b, the signal
intensities for the imaging block 14b are calculated again.
Also, the signal intensity of the image signal, which has been
detected at the right end of the imaging block 14¢, and the
signal intensity of the image signal, which has been detected
at the left end of the imaging block 14d, are compared with
each other. A temporary tone curve correction value for the
imaging block 144 is then calculated such that the signal
intensity of the image signal, which has been detected at the
left end of the imaging block 14d, may become approxi-
mately identical with the signal intensity of the image signal,
which has been detected at the right end of the imaging
block 14¢. By the utilization of the tone curve correction
value for the imaging block 144, the signal intensities for the
imaging block 14d are calculated again. Further, the signal
intensities of the image signals, which correspond to the
lower end of the imaging block 14a and the lower end of the
imaging block 14b, and the signal intensities of the image
signals, which correspond to the upper end of the imaging
block 14¢ and the upper end of the imaging block 144, are
compared with each other. Tone curve correction values for
the imaging blocks 14c and 14d are then calculated such that
the signal intensities of the image signals, which correspond
to the upper end of the imaging block 14¢ and the upper end
of the imaging block 14d, may become approximately
identical with the signal intensities of the image signals,
which correspond to the lower end of the imaging block 144
and the lower end of the imaging block 14b.

The correction control section 141 sets the offset values
and the tone curve correction values, which correspond to
the imaging blocks 145, 14¢, and 14d, in the look-up table
134. Also, the image signals, which have been detected
respectively in the imaging blocks 144, 14b, 14c, and 144,
are read from the image memory 133 and fed into the
look-up table 134. In the look-up table 134, the image
signals are transformed by use of the offset values and the
tone curve correction values, which correspond to the
respective imaging blocks. The image signal having been
obtained from the look-up table 134 is stored in the image
memory 135. The image signal, which has been detected in
the imaging block 144, is transformed in one-to-one rela-
tionship in the look-up table 134 and stored in the image
memory 135.

The image signal having been fed out from the image
memory 135 is subjected to the digital-to-analog conversion
in the digital-to-analog converter 136. The image signal
obtained from the digital-to-analog converter 136 is utilized
for displaying a fluorescence image 2 on the CRT display
device 150.
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As described above, the CCD image sensor 123 has the
four output ports, and the number of pixels allocated to one
output port reduces to %. Therefore, even if the reading
frequency is reduced to a value % times as high as the
ordinary reading frequency, the signal charges of all pixels
are capable of being read within the reading time.
Accordingly, reading noise is capable of being suppressed
and the signal-to-noise ratio of the detected image is capable
of being enhanced, such that adverse effects do not occur on
displaying of the fluorescence image as a dynamic image.

Also, the correction values are calculated in accordance
with variations in output characteristics among the four
output channels, which extend from the four imaging blocks
14a, 14b, 14c, and 14d to the image memory 133. The
calculated correction values are set in the look-up table 134.
Therefore, the variations in output characteristics among the
four output channels are capable of being compensated for,
and the problems are capable of being prevented from
occurring in that division line patterns appear in the formed
image.

In cases where the look-up table 134, which stores the
offset values and the tone curve correction values, is utilized,
the compensation for the output characteristics is capable of
being performed easily.

Further, each of the imaging blocks 14a, 14b, 14¢, and
144 contains one of the non-exposure regions. Therefore, the
offset values and the tone curve correction values, which act
as the correction values, are capable of being calculated
from the image signals having been detected with the
ordinary imaging operation of the CCD image sensor 123,
and the calculated values are capable of being set in the
look-up table 134. Accordingly, the collecting operations are
capable of being performed such that the ordinary imaging
operation is not obstructed.

Are endoscope system, in which a second embodiment of
the fluorescence imaging apparatus in accordance with the
present invention is employed, will be described hereinbe-
low with reference to FIG. 11. FIG. 11 is a schematic view
showing the endoscope system, in which the second
embodiment of the fluorescence imaging apparatus in accor-
dance with the present invention is employed. In the endo-
scope system, excitation light is irradiated to the measuring
site in a living body, and the fluorescence having been
produced from the measuring site is guided through the
image fiber and detected by the CCD image sensor having
four output ports. Also, the image signals having thus been
detected are stored in the image memory and utilized for
displaying a fluorescence image on the CRT display device.
When signal charges are read from the CCD image sensor,
the signal charges are read at a reading frequency of 3.67
MHz, which is %4 times as high as the conventional reading
frequency. Further, the endoscope system is provided with
look-up tables for compensation for variations in output
characteristics among the output ports of the CCD image
sensor. The look-up tables are located at the stage preceding
to the image memory.

In FIG. 11, similar ¢lements are numbered with the same
reference numerals with respect to FIG. 9.

The endoscope system, in which the second embodiment
of the fluorescence imaging apparatus in accordance with
the present invention is employed, comprises the endoscope
100 to be inserted into a region of a patient, which region is
considered as being a diseased part, and the illuminating unit
110 provided with the light source for producing the exci-
tation light, which is used for obtaining a fluorescence
image. The endoscope system also comprises the imaging
unit 120 for receiving the fluorescence, which has been
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produced from the measuring site in the living body when
the excitation light is irradiated to the measuring site, and
forming image signals representing the image of the fluo-
rescence. The endoscope system further comprises an image
processing unit 200 for performing image processing for
displaying the fluorescence image, which has been detected
by the imaging unit 120, as a visible image. The endoscope
system still further comprises a control unit 210 for con-
trolling the imaging operations. The endoscope system also
comprises the CRT display device 150 utilized for display-
ing the fluorescence image, which has been processed by the
image processing unit 200, as a visible image.

The image processing unit 200 comprises the amplifiers
131a, 131, 131c, and 131d for amplifying the image
signals, which have been obtained from the CCD image
sensor 123. The image processing unit 200 also comprises
the analog-to-digital converting circuits 132a, 132b, 132c,
and 1324 for digitizing the image signals, which have been
amplified respectively by the amplifiers 131a, 1315, 131c,
and 131d. The image processing unit 200 further comprises
look-up tables 201a, 2015, 201c, and 201d for performing
transform of the digitized image signals, and compensating
for output characteristics. The image processing unit 200
still further comprises an image memory 202 for storing the
image signals having been obtained from the compensation
for the output characteristics. The image processing unit 200
also comprises the digital-to-analog converter 136 for per-
forming digital-to-analog conversion of the image signal,
which has been received from the image memory 202, and
feeding the obtained analog image signal into the CRT
display device 150. The look-up table 2014 is a look-up table
for performing the signal transform in one-to-one relation-
ship. The look-up tables 2015, 201c, and 201d are look-up
tables, in which offset values and tone curve correction
values are capable of being set.

The control unit 210 comprises a correction control
section 211 for controlling the correcting operations for
compensation for variations in image signal output charac-
teristics. The control unit 210 also comprises a timing
control section 212, which is connected to the respective
units and controls the operation timings. The correction
control section 211 is connected to the image memory 202
and the look-up tables 2015, 201c, and 201d.

The CCD image sensor 123 constitutes the imaging
means of the fluorescence imaging apparatus in accordance
with the present invention. The look-up tables 201a, 2015,
201c, and 2014 constitute the signal transforming means of
the fluorescence imaging apparatus in accordance with the
present invention. The image memory 202 constitutes the
composing means of the fluorescence imaging apparatus in
accordance with the present invention. The correction con-
trol section 211 constitutes the re-setting judgment means,
the correction value calculating means, and the correction
value setting means of the fluorescence imaging apparatus in
accordance with the present invention.

How the endoscope system, in which the second embodi-
ment of the fluorescence imaging apparatus in accordance
with the present invention is employed, operates will be
described hereinbelow.

In accordance with a control signal fed from the timing
control section 212, the excitation light L1 having a wave-
length of 410 nm is produced by the GaN type of semicon-
ductor laser 111 and irradiated to the measuring site 1.

The fluorescence 1.2, which has been produced from the
measuring site 1, passes through the image fiber 102 and
impinges upon the excitation light cut-off filter 121 of the
imaging unit 120. The image of the fluorescence 12 is
formed on the CCD image sensor 123.
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In accordance with a control signal fed from the timing
control section 212, the image signals, which have been
detected respectively by the imaging blocks 14a, 145, 14c¢,
and 144, are read with a reading frequency of 3.67 MHz
from the output ports 17a, 17b, 17¢, and 17d of the CCD
image sensor 123 and fed into the amplifiers 1314, 1315,
131c¢, and 131d of the image processing unit 200.

The image signals, which have been amplified by the
amplifiers 131a, 1315, 131c¢, and 131d, are digitized respec-
tively by the analog-to-digital converting circuits 132q,
132h, 132¢, and 132d. The thus obtained digital image
signals are subjected to the signal transform in the look-up
tables 201a, 2015, 201¢, and 201d. The image signals having
been obtained from the signal transform are stored in the
image memory 202. In accordance with correcting opera-
tions having been performed previously, the offset values
and the tone curve correction values, which act as the
correction values for compensations for variations in output
characteristics, are stored in the look-up tables 2015, 201c,
and 2014.

The correction control section 211 read the image signal,
which has been detected in the non-exposure region of the
imaging block 14a of the CCD image sensor 123, from the
image memory 202. The correction control section 211
calculates the mean value of the signal intensities of the thus
read image signal. Also, the correction control section 211
makes a judgment as to whether the calculated mean value
has or has not changed by at least a predetermined value
from a reference mean value. The signal intensities of the
image signal, which has been detected in the non-exposure
region of the imaging block 144, reflect the ambient tem-
perature. Also, it has been known that, if the ambient
temperature does not change, little alteration occurs in the
variations in output characteristics among the output chan-
nels. Therefore, in cases where a change by at least the
predetermined value does not occur in the aforesaid mean
value, it may be regarded that no change has occurred in the
output characteristics among the four output channels.

Therefore, in cases where it has been judged that a change
by at least the predetermined value has not occurred in the
mean value of the signal intensities of the image signal
having been detected in the non-exposure region, the cor-
rection control section 211 does not perform the
re-calculations and the re-setting of the offset values and the
tone curve correction values.

In such cases, in accordance with the control performed
by the timing control section 212, the ordinary image
processing operation is performed. Also, the image signal
having been fed out from the image memory 202 is sub-
jected to the digital-to-analog conversion in the digital-to-
analog converter 136. The image signal obtained from the
digital-to-analog converter 136 is utilized for displaying the
fluorescence image 2 on the CRT display device 150.

In cases where it has been judged that a change by at least
the predetermined value has occurred in the mean value of
the signal intensities of the image signal having been
detected in the non-exposure region, as in the correction
control section 141 in the first embodiment of FIG. 9, the
image signal having been detected by the imaging block 14a
of the imaging surface 11 is taken as a reference image
signal, and the offset values and the tone curve correction
values for the compensation for variations in output char-
acteristics among the output channels are calculated again.
Also, the new offset values and the new tone curve correc-
tion values having thus been calculated are set in the look-up
tables 201b, 201c, and 2014. With the imaging operation
performed after the correction values have thus been set
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again, an image having been corrected with the new cor-
rection values is displayed.

The look-up table 201¢ is a look-up table for performing
the signal transform in one-to-one relationship. In the sec-
ond embodiment, the look-up table 2014 is provided in order
to minimize the variations in output characteristics.
However, the look-up table 201a may be omitted.

With the second embodiment of the fluorescence imaging
apparatus in accordance with the present invention, the same
effects as those with the first embodiment of the fluorescence
imaging apparatus in accordance with the present invention
can be obtained. Also, with the second embodiment, the
number of times of calculations of new correction values is
capable of being reduced, and the processing time required
to make the compensation for the output characteristics is
capable of being kept short. Further, a particular image
memory for storing the image signals having been obtained
from the compensation for the output characteristics need
not be provided. Therefore, the constitution of the signal
processing circuit is capable of being simplified.

An endoscope system, in which a third embodiment of the
fluorescence imaging apparatus in accordance with the
present invention is employed, will be described hereinbe-
low with reference to FIG. 12. FIG. 12 is a schematic view
showing the endoscope system, in which the third embodi-
ment of the fluorescence imaging apparatus in accordance
with the present invention is employed. In the endoscope
system, excitation light is irradiated to the measuring site in
a living body, and the fluorescence having been produced
from the measuring site is guided through the image fiber
and detected by the CCD image sensor having four output
ports. In this manner, the fluorescence image is displayed on
the CRT display device. When signal charges are read from
the CCD image sensor, the signal charges are read at a
reading frequency of 3.67 MHz, which is % times as high as
the conventional reading frequency. Further, each of the
output ports of the CCD image sensor is provided with one
of amplifiers, in which the offset values and gains are
capable of being adjusted. The amplifiers perform amplifi-
cation of the image signals and the compensation for the
output characteristics. In FIG. 12, similar elements are
numbered with the same reference numerals with respect to
FIG. 11.

The endoscope system, in which the third embodiment of
the fluorescence imaging apparatus in accordance with the
present invention is employed, comprises the endoscope 100
to be inserted into a region of a patient, which region is
considered as being a diseased part, and the illuminating unit
110 provided with the light source for producing the exci-
tation light, which is used for obtaining a fluorescence
image. The endoscope system also comprises the imaging
unit 120 for receiving the fluorescence, which has been
produced from the measuring site in the living body when
the excitation light is irradiated to the measuring site, and
forming image signals representing the image of the fluo-
rescence. The endoscope system further comprises an image
processing unit 300 for performing image processing for
displaying the fluorescence image, which has been detected
by the imaging unit 120, as a visible image. The endoscope
system still further comprises a control unit 310 for con-
trolling the imaging operations. The endoscope system also
comprises the CRT display device 150 for displaying the
fluorescence image, which has been processed by the image
processing unit 300, as a visible image.

The image processing unit 300 comprises amplifiers
301a, 301b, 301c, and 301d for amplifying the image
signals, which have been obtained from the CCD image
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sensor 123. The image processing unit 300 also comprises
the analog-to-digital converting circuits 132a, 132b, 132c¢,
and 1324 for digitizing the image signals, which have been
amplified respectively by the amplifiers 301a, 3015, 301c,
and 301d. The image processing unit 300 further comprises
an image memory 302 for storing the digitized image
signals. The image processing unit 300 still further com-
prises the digital-to-analog converter 136 for performing
digital-to-analog conversion of the image signal, which has
been received from the image memory 302, and feeding the
obtained analog image signal into the CRT display device
150.

The control unit 310 comprises a correction control
section 311 for controlling the correcting operations for
compensation for variations in image signal output charac-
teristics. The control unit 310 also comprises a timing
control section 312, which is connected to the respective
units and controls the operation timings. The correction
control section 311 is connected to the image memory 302
and the amplifiers 3015, 301c, and 301d.

The amplifiers 301a, 3015, 301c, and 3014 constitute the
amplification means of the fluorescence imaging apparatus
in accordance with the present invention. The image
memory 302 constitutes the composing means of the fluo-
rescence imaging apparatus in accordance with the present
invention. The correction control section 311 constitutes the
re-setting judgment means, the correction value calculating
means, and the correction value setting means of the fluo-
rescence imaging apparatus in accordance with the present
invention.

How the endoscope system, in which the third embodi-
ment of the fluorescence imaging apparatus in accordance
with the present invention is employed, operates will be
described hereinbelow.

In accordance with a control signal fed from the timing
control section 312, the excitation light L1 having a wave-
length of 410 nm is produced by the GaN type of semicon-
ductor laser 111 and irradiated to the measuring site 1.

The fluorescence 1.2, which has been produced from the
measuring site 1, passes through the image fiber 102 and
impinges upon the excitation light cut-off filter 121 of the
imaging unit 120. The image of the fluorescence 1.2 is
formed on the CCD image sensor 123.

In accordance with a control signal fed from the timing
control section 312, the image signals, which have been
detected respectively by the imaging blocks 14a, 14b, 14c,
and 14d, are read with a reading frequency of 3.67 MHz
from the output ports 17a, 17b, 17¢, and 17d of the CCD
image sensor 123 and fed into the amplifiers 301a, 3015,
301¢, and 3014 of the image processing unit 300.

The image signals, which have been amplified by the
amplifiers 3014, 3015, 301c, and 3014, are digitized respec-
tively by the analog-to-digital converting circuits 132a,
132b, 132¢, and 132d. The thus obtained digital image
signals are stored in the image memory 302. In accordance
with correcting operations having been performed
previously, the offset values and the gains of the amplifiers
301b, 301c¢, and 3014 have been adjusted at the values for
compensation for variations in output characteristics.

As in the correction control section 211 illustrated in FIG.
11, the correction control section 311 read the image signal,
which has been detected in the non-exposure region of the
imaging block 14a of the CCD image sensor 123, from the
image memory 302. The correction control section 311
calculates the mean value of the signal intensities of the thus
read image signal. Also, the correction control section 311
makes a judgment as to whether the calculated mean value
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has or has not changed by at least a predetermined value
from a reference mean value. In cases where it has been
judged that a change by at least the predetermined value has
not occurred in the mean value of the signal intensities of the
image signal having been detected in the non-exposure
region, the correction control section 311 does not perform
the re-calculations and the re-setting of the offset values and
the gain adjustment values, which act as the correction
values. In such cases, the ordinary image processing opera-
tion is performed. Also, the image signal having been fed out
from the image memory 302 is subjected to the digital-to-
analog conversion in the digital-to-analog converter 136.
The image signal obtained from the digital-to-analog con-
verter 136 is utilized for displaying the fluorescence image
2 on the CRT display device 150.

In cases where it has been judged that a change by at least
the predetermined value has occurred in the mean value of
the signal intensities of the image signal having been
detected in the non-exposure region, the correction control
section 311 calculates the offset values and the gain adjust-
ment values, which act as the correction values, in the
manner described below.

Firstly, the correction control section 311 calculates the
mean value of the signal intensities of the image signal,
which has been detected in the non-exposure region of each
of the imaging blocks 144, 14b, 14¢, and 14d. Also, for each
of the imaging blocks 14b, 14c¢, and 14d, an offset value is
calculated such that the mean value obtained for each
imaging block may become approximately identical with the
mean value calculated for the imaging block 14a4.

Thereafter, the offset value for the imaging block 14b is
subtracted from the signal intensities of the image signal,
which has been detected in the image exposure region of the
imaging block 14b. In the same manner, the offset values for
the imaging blocks 14¢ and 14d are subtracted respectively
from the signal intensities of the image signals, which have
been detected in the image exposure regions of the imaging
blocks 14¢ and 14d. Thereafter, the signal intensity of the
image signal, which has been detected at the right end of the
imaging block 14a, and the signal intensity of the image
signal, which has been detected at the left end of the imaging
block 14b, are compared with each other. A gain adjustment
value for the imaging block 14b is then calculated such that
the signal intensity of the image signal, which has been
detected at the left end of the imaging block 14b, may
become approximately identical with the signal intensity of
the image signal, which has been detected at the right end of
the imaging block 14a. By the utilization of the gain
adjustment value for the imaging block 14b, the signal
intensities for the imaging block 14b are calculated again.
Also, the signal intensity of the image signal, which has been
detected at the right end of the imaging block 14¢, and the
signal intensity of the image signal, which has been detected
at the left end of the imaging block 14d, are compared with
each other. A temporary gain adjustment value for the
imaging block 14d is then calculated such that the signal
intensity of the image signal, which has been detected at the
left end of the imaging block 144, may become approxi-
mately identical with the signal intensity of the image signal,
which has been detected at the right end of the imaging
block 14c¢. By the utilization of the gain adjustment value for
the imaging block 144, the signal intensities for the imaging
block 14d are calculated again. Further, the signal intensities
of the image signals, which correspond to the lower end of
the imaging block 14a and the lower end of the imaging
block 14b, and the signal intensities of the image signals,
which correspond to the upper end of the imaging block 14¢
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and the upper end of the imaging block 14d, are compared
with each other. Gain adjustment values for the imaging
blocks 14¢ and 144 are then calculated such that the signal
intensities of the image signals, which correspond to the
upper end of the imaging block 14¢ and the upper end of the
imaging block 14d, may become approximately identical
with the signal intensities of the image signals, which
correspond to the lower end of the imaging block 14a and
the lower end of the imaging block 14b.

The correction control section 311 adjusts the offset
values and the gains of the amplifiers 301b, 301¢, and 301d
by utilizing the offset values and the gain adjustment values,
which correspond to the imaging blocks 14b, 14c, and 14d.

With the imaging operation performed after the correction
values have thus been set again, the image signals having
been corrected with the new correction values are stored in
the image memory 302 and utilized for displaying a fluo-
rescence image on the CRT display device 150.

With the third embodiment of the fluorescence imaging
apparatus in accordance with the present invention, the same
effects as those with the second embodiment of the fluores-
cence imaging apparatus in accordance with the present
invention can be obtained. Also, with the third embodiment,
amplifiers, which have heretofore been provided in a signal
processing circuit, can be utilized as the correction means
for compensating for variations in output characteristics.
Therefore, new circuit parts need not be provided, the signal
processing circuit is capable of being kept simple, and the
production cost is capable of being kept low.

An endoscope system, in which a fourth embodiment of
the fluorescence imaging apparatus in accordance with the
present invention is employed, will be described hereinbe-
low with reference to FIG. 13. FIG. 13 is a schematic view
showing the endoscope system, in which the fourth embodi-
ment of the fluorescence imaging apparatus in accordance
with the present invention is employed. In the endoscope
system, excitation light is irradiated to the measuring site in
a living body, and the fluorescence having been produced
from the measuring site is guided through the image fiber
and detected by the CCD image sensor having four output
ports. In this manner, the fluorescence image is displayed on
the CRT display device. When signal charges are read from
the CCD image sensor, the signal charges are read at a
reading frequency of 3.67 MHz, which is % times as high as
the conventional reading frequency. Further, each of the
output ports of the CCD image sensor is provided with one
of amplifiers, in which the offset values and gains are
capable of being adjusted. The amplifiers perform amplifi-
cation of the image signals and the compensation for the
output characteristics. Also, the endoscope system is pro-
vided with a correction value storing section for storing
mean values of signal intensities of image signals having
been detected in the state, in which light is blocked from
impinging upon the imaging surface of the CCD image
sensor, and the corresponding offset values and the corre-
sponding gain adjustment values, which are to be set as the
correction values in the amplifiers. In FIG. 13, similar
elements are numbered with the same reference numerals
with respect to FIG. 12.

The endoscope system, in which the fourth embodiment
of the fluorescence imaging apparatus in accordance with
the present invention is employed, comprises the endoscope
100 to be inserted into a region of a patient, which region is
considered as being a diseased part, and the illuminating unit
110 provided with the light source for producing the exci-
tation light, which is used for obtaining a fluorescence
image. The endoscope system also comprises the imaging
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unit 120 for receiving the fluorescence, which has been
produced from the measuring site in the living body when
the excitation light is irradiated to the measuring site, and
forming image signals representing the image of the fluo-
rescence. The endoscope system further comprises the
image processing unit 300 for performing image processing
for displaying the fluorescence image, which has been
detected by the imaging unit 120, as a visible image. The
endoscope system still further comprises a control unit 400
for controlling the imaging operations. The endoscope sys-
tem also comprises the CRT display device 150 utilized for
displaying the fluorescence image, which has been pro-
cessed by the image processing unit 300, as a visible image.

The control unit 400 comprises a correction control
section 401 for controlling the correcting operations for
compensation for variations in image signal output charac-
teristics. The control unit 400 also comprises a correction
value storing section 402 for storing previously the mean
values of signal intensities of image signals having been
detected by the imaging block 144 in the state, in which light
is blocked from impinging upon the imaging surface 11 of
the CCD image sensor 123, and the corresponding offset
values and the corresponding gain adjustment values, which
act as the correction values. The control unit 400 further
comprises a timing control section 403, which is connected
to the respective units and controls the operation timings.
The correction control section 401 is connected to the image
memory 302 and the amplifiers 3015, 301c¢, and 301d.

The correction control section 401 read the image signal
having been detected by the imaging block 144 in the state,
in which light is blocked from impinging upon the imaging
surface 11 of the CCD image sensor 123, from the image
memory 302. The correction control section 401 calculates
the mean value of the signal intensities of the thus read
image signal. Also, the correction control section 401 makes
a judgment as to whether the calculated mean value has or
has not changed by at least a predetermined value from a
reference mean value. In cases where it has been judged that
a change by at least the predetermined value has not
occurred in the mean value of the signal intensities of the
image signal described above, the correction control section
401 does not perform the re-setting of the offset values and
the gain adjustment values, which act as the correction
values. In such cases, the ordinary image processing opera-
tion is performed.

In cases where it has been judged that a change by at least
the predetermined value has occurred in the mean value of
the signal intensities of the image signal described above,
the correction control section 401 selects the offset values
and the gain adjustment values, which correspond to the
mean value, from among the offset values and the gain
adjustment values having been stored in the correction value
storing section 402. The offset values and the gain adjust-
ment values having thus been selected are set as the correc-
tion values.

The amplifiers 301a, 301b, 301c, and 301d constitute the
amplification means of the fluorescence imaging apparatus
in accordance with the present invention. The image
memory 302 constitutes the composing means of the fluo-
rescence imaging apparatus in accordance with the present
invention. The correction control section 401 constitutes the
re-setting judgment means and the correction value setting
means of the fluorescence imaging apparatus in accordance
with the present invention. The correction value storing
section 402 constitutes the correction value storing means of
the fluorescence imaging apparatus in accordance with the
present invention.
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How the endoscope system, in which the fourth embodi-
ment of the fluorescence imaging apparatus in accordance
with the present invention is employed, operates will be
described hereinbelow.

The correction value storing section 402 stores previously
the mean values of signal intensities of image signals having
been detected by the imaging block 144 in the state, in which
light is blocked from impinging upon the imaging surface 11
of the CCD image sensor 123, and the offset values and the
gain adjustment values, which act as the correction values
corresponding to the respective mean values. The image
signals, from which the mean values are calculated, are the
ones having been obtained with respect to various different
temperatures falling within the temperature range, at which
the endoscope system is used. Also, the offset values and the
gain adjustment values have been calculated in the same
manner as that in the calculations of the offset values and the
gain adjustment values in the third embodiment of FIG. 12.

When an imaging operation is to be performed, firstly, in
accordance with a control signal fed from the timing control
section 403, image signals are detected in the state, in which
light is blocked from impinging upon the imaging surface
11. The thus detected image signals are fed into the ampli-
fiers 301a, 301b, 301c, and 3014 of the image processing
unit 300. Thereafter, the excitation light L1 having a wave-
length of 410 nm is produced by the GaN type of semicon-
ductor laser 111 and irradiated to the measuring site 1.

The fluorescence 1.2, which has been produced from the
measuring site 1, passes through the image fiber 102 and
impinges upon the excitation light cut-off filter 121 of the
imaging unit 120. The image of the fluorescence L2 is
formed on the CCD image sensor 123.

In accordance with a control signal fed from the timing
control section 403, the image signals, which have been
detected respectively by the imaging blocks 14a, 145, 14c¢,
and 14d, are read with a reading frequency of 3.67 MHz
from the output ports 17a, 17b, 17¢, and 17d of the CCD
image sensor 123 and fed into the amplifiers 301a, 3015,
301c, and 3014 of the image processing unit 300.

In the amplifiers 3014, 30156, 301c¢, and 3014, the image
signals are amplified successively. The image signals, which
have been amplified by the amplifiers 3014, 3015, 301c¢, and
301d, are digitized respectively by the analog-to-digital
converting circuits 132a, 132b, 132¢, and 132d. The thus
obtained digital image signals are stored successively in the
image memory 302. In accordance with correcting opera-
tions having been performed previously, the offset values
and the gains of the amplifiers 301b, 301c, and 3014 have
been adjusted at the values for compensation for variations
in output characteristics.

The correction control section 401 read the image signal
having been detected by the imaging block 144 of the CCD
image sensor 123 in the state, in which light is blocked from
impinging upon the imaging surface 11 of the CCD image
sensor 123, from the image memory 302. The correction
control section 401 calculates the mean value of the signal
intensities of the thus read image signal. Also, the correction
control section 401 makes a judgment as to whether the
calculated mean value has or has not changed by at least a
predetermined value from a reference mean value. In cases
where it has been judged that a change by at least the
predetermined value has not occurred in the mean value of
the signal intensities of the image signal described above,
the correction control section 401 does not perform the
re-setting of the offset values and the gain adjustment values,
which act as the correction values. In such cases, the
correction control section 401 erases the image signals
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having been detected in the state, in which light is blocked
From impinging upon the imaging surface 11 of the CCD
image sensor 123. Also, the ordinary image processing
operation is performed on the fluorescence image, which is
then detected with the imaging operation. Further, the image
signal having been fed out from the image memory 302 is
subjected to the digital-to-analog conversion in the digital-
to-analog converter 136. The image signal obtained from the
digital-to-analog converter 136 is utilized for displaying the
fluorescence image 2 on the CRT display device 150.

In cases where it has been judged that a change by at least
the predetermined value has occurred in the mean value of
the signal intensities of the image signal described above,
the correction control section 401 selects the offset values
and the gain adjustment values, which correspond to the
mean value, from among the offset values and the gain
adjustment values having been stored in the correction value
storing section 402. Also, the correction control section 401
adjusts the offset values and the gains of the amplifiers 3015,
301c, and 301d by utilizing the offset values and the gain
adjustment values, which have thus been selected and which
correspond to the imaging blocks 14b, 14¢, and 14d.
Thereafter, the correction control section 401 ecrases the
image signals having been detected in the state, in which
light is blocked from impinging upon the imaging surface 11
of the CCD image sensor 123. Also, the ordinary image
processing operation is performed on the fluorescence
image, which is then detected with the imaging operation.
Further,the mean value having been calculated this time is
set as the mean value, which acts as a new reference mean
value.

With the imaging operation performed after the correction
values have thus been set again, the image signals having
been corrected with the new correction values are stored in
the image memory 302 and utilized for displaying a fluo-
rescence image on the CRT display device 150.

As described above, with the fourth embodiment, the
offset values and the gain adjustment values acting as the
correction values, which have been calculated in accordance
with the variations in output characteristics among the four
output channels extending from the four imaging blocks to
the image memory 302 and which have been stored in the
correction value storing section 402, are set in the amplifiers
3015, 301c, and 301d. Therefore, the number of pixels
allocated to one output port is capable of being reduced to
a value smaller than in cases where the CCD image sensor
is provided with only a single output port. Therefore, even
if the reading frequency is set at a Low value, signal charges
of all pixels are capable of being read within the reading
time. Accordingly, reading noise is capable of being sup-
pressed and the signal-to-noise ratio of the detected image is
capable of being enhanced, such that adverse effects do not
occur on displaying of the fluorescence image as a dynamic
image. Also, the variations in output characteristics are
capable of being compensated for, and the problems are
capable of being prevented from occurring in that division
line patterns appear in the formed image, such that adverse
effects do not occur on displaying of the fluorescence image
as a dynamic image.

Also, with the fourth embodiment, amplifiers, which have
heretofore been provided in a signal processing circuit, can
be utilized as the correction means. Therefore, new circuit
parts need not be provided, and the production cost is
capable of being kept low.

Further, with the fourth embodiment, the correction value
storing section 402 stores previously the mean values of
signal intensities of image signals having been detected by
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the imaging block 14« in the state, in which light is blocked
from impinging upon the imaging surface 11 of the CCD
image sensor 123, and the offset values and the gain adjust-
ment values, which act as the correction values correspond-
ing to the respective mean values. Therefore, the processing
for calculating the correction values is capable of being
omitted, and the processing time required to make the
compensation for the output characteristics is capable of
being kept short.

In the fourth embodiment, the imaging surface 11 of the
CCD image sensor 123 has the non-exposure regions. In
cases where a CCD image sensor, in which the entire surface
of the imaging surface 11 is utilized as the image exposure
region, is employed, compensation for the output character-
istics is capable of being made. However, in such cases,
when the correction values are calculated, it is necessary that
the offset values be calculated from the image signals having
been detected in the state, in which light is blocked from
impinging upon the imaging surface of the CCD image
sensor, and the gain adjustment values be calculated from
the image signals having been detected in the state, in which
light impinges upon the imaging surface of the CCD image
SEnsor.

In the fourth embodiment described above, the mean
values of signal intensities of image signals having been
detected by the imaging block 144 in the state, in which light
is blocked from impinging upon the imaging surface 11 of
the CCD image sensor 123, and the corresponding offset
values and the corresponding gain adjustment values are
stored in the correction value storing section 402.
Alternatively, for example, signal intensities of image sig-
nals having been detected at a predetermined pixel in the
state, in which light is blocked from impinging upon the
imaging surface 11, or mean values of signal intensities of
image signals having been detected by the imaging surface
11 in the aforesaid state, and the corresponding offset values
and the corresponding gain adjustment values may be stored
in the correction value storing section 402 In such cases, in
the correction control section 401, a change in signal inten-
sity of the image signal having been detected at the prede-
termined pixel or a change in mean value of signal intensi-
ties of the image signals having been detected by the
imaging surface 11 may be monitored. In accordance with
the results of the monitoring, a judgment may be made as to
whether the re-setting of the offset values and the gain
adjustment values is or is not to be performed.

Also, in the fourth embodiment, the amplifiers are
employed as the correction means. Alternatively, as in the
first or second embodiment of the fluorescence imaging
apparatus in accordance with the present invention, a look-
up table or a plurality of look-up tables may be employed as
the correction means. In such cases, as in the first or second
embodiment of the fluorescence imaging apparatus in accor-
dance with the present invention, the offset values and the
tone curve correction values may be employed as the
correction values.

The fourth embodiment may be modified in the manner
described below. Specifically, instead of the correction val-
ues being stored previously in the correction value storing
section 402, when the correction values are calculated at the
time of the imaging operation, the mean value of signal
intensities of the image signal having been detected by the
imaging block 14¢ in the state, in which light is blocked
from impinging upon the imaging surface 11 of the CCD
image sensor 123, and the corresponding correction values
may be stored in the correction value storing section 402. In
cases where it has been judged by the correction control
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section 401 that the re-calculations of the correction values
are to be performed, if the correction values corresponding
to the mean value of signal intensities of the image signal
having been detected by the imaging block 144 at that time
have been stored in the correction value storing section 402,
the corresponding correction values may be utilized. If the
correction values corresponding to the mean value of signal
intensities of the image signal having been detected by the
imaging block 14a at that time have not been stored in the
correction value storing section 402, new correction values
may be calculated. With the modification of the fourth
embodiment, under the ordinary imaging conditions, unnec-
essary correction values need not be stored. Therefore, the
storage capacity of the correction value storing section 402
may be set at a low value.

An endoscope system, in which a fifth embodiment of the
fluorescence imaging apparatus in accordance with the
present invention is employed, will be described hereinbe-
low with reference to FIG. 14. FIG. 14 is a schematic view
showing the endoscope system, in which the fifth embodi-
ment of the fluorescence imaging apparatus in accordance
with the present invention is employed. In the endoscope
system, excitation light is irradiated to the measuring site in
a living body, and the fluorescence having been produced
from the measuring site is guided through the image fiber
and detected by the CCD image sensor having four output
ports. In this manner, the fluorescence image is displayed on
the CRT display device. When signal charges are read from
the CCD image sensor, the signal charges are read at a
reading frequency of 3.67 MHz,which is % times as high as
the conventional reading frequency. Further, each of the
output ports of the CCD image sensor is provided with one
of amplifiers, in which the offset values and gains are
capable of being adjusted. The amplifiers perform amplifi-
cation of the image signals and the compensation for the
output characteristics. Also, the endoscope system is pro-
vided with a correction value storing section for storing
mean values of signal intensities of image signals, which
have been detected in one of the non-exposure regions, and
the corresponding offset values and the corresponding gain
adjustment values, which are to be set as the correction
values in the amplifiers. In FIG. 14, similar elements are
numbered with the same reference numerals with respect to
FIG. 12.

The endoscope system, in which the fifth embodiment of
the fluorescence imaging apparatus in accordance with the
present invention is employed, comprises the endoscope 100
to be inserted into a region of a patient, which region is
considered its being a diseased part, and the illuminating
unit 110 provided with the light source for producing the
excitation light, which is used for obtaining a fluorescence
image. The endoscope system also comprises the imaging
unit 120 for receiving the fluorescence, which has been
produced from the measuring site in the living body when
the excitation light is irradiated to the measuring site, and
forming image signals representing the image of the fluo-
rescence. The endoscope system further comprises the
image processing unit 300 for performing image processing
for displaying the fluorescence image, which has been
detected by the imaging unit 120, as a visible image. The
endoscope system still further comprises a control unit 500
for controlling the imaging operations. The endoscope sys-
tem also comprises the CRT display device 150 for display-
ing the fluorescence image, which has been processed by the
image processing unit 300, as a visible image.

The control unit 500 comprises a correction control
section 501 for controlling the correcting operations for
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compensation for variations in image signal output charac-
teristics. The control unit 500 also comprises a correction
value storing section 502 for storing previously the mean
values of signal intensities of image signals, which have
been detected in the non-exposure region of the imaging
block 14a of the imaging surface 11 of the CCD image
sensor 123, and the corresponding offset values and the
corresponding gain adjustment values, which act as the
correction values. The control unit S00 further comprises a
timing control section 503, which is connected to the respec-
tive units and controls the operation timings. The correction
control section 501 is connected to the image memory 302
and the amplifiers 3015, 301c, and 301d.

The correction control section 501 read the image signal,
which has been detected in the non-exposure region of the
imaging block 14a of the imaging surface 11 of the CCD
image sensor 123, from the image memory 302. The cor-
rection control section 501 calculates the mean value of the
signal intensities of the thus read image signal. Also, the
correction control section 501 makes a judgment as to
whether the calculated mean value has or has not changed by
at least a predetermined value from a reference mean value.
In cases where it has been judged that a change by at least
the predetermined value has not occurred in the mean value
of the signal intensities of the image signal described above,
the correction control section 501 does not perform the
re-setting of the offset values and the gain adjustment values,
which act as the correction values. In such cases, the
ordinary image processing operation is performed.

In cases where it has been judged that a change by at least
the predetermined value has occurred in the mean value of
the signal intensities of the image signal described above,
the correction control section 501 selects the offset values
and the gain adjustment values, which correspond to the
mean value, from among the offset values and the gain
adjustment values having been stored in the correction value
storing section 502. The offset values and the gain adjust-
ment values having thus been selected are set as the correc-
tion values.

The amplifiers 301a, 3015, 301c, and 301d constitute the
amplification means of the fluorescence imaging apparatus
in accordance with the present invention. The image
memory 302 constitutes the composing means of the fluo-
rescence imaging apparatus in accordance with the present
invention. The correction control section 501 constitutes the
re-setting judgment means and the correction value setting
means of the fluorescence imaging apparatus in accordance
with the present invention. The correction value storing
section 502 constitutes the correction value storing means of
the fluorescence imaging apparatus in accordance with the
present invention.

How the endoscope system, in which the fifth embodi-
ment of the fluorescence imaging apparatus in accordance
with the present invention is employed, operates will be
described hereinbelow.

The correction value storing section 502 stores previously
the mean values of signal intensities of image signals, which
have been detected in the non-exposure region of the imag-
ing block 144, and the offset values and the gain adjustment
values, which act as the correction values corresponding to
the respective mean values. The image signals, from which
the mean values are calculated, are the ones having been
obtained with respect to various different temperatures fall-
ing within the temperature range, at which the endoscope
system is used. Also, the offset values and the gain adjust-
ment values have been calculated in the same manner as that
in the calculation of the offset values and the gain adjustment
values in the third embodiment of FIG. 12.
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When an imaging operation is to be performed, the
excitation light L1 having a wavelength of 410 nm is
produced by the GaN type of semiconductor laser 111 and
irradiated to the measuring site 1.

The fluorescence 1.2, which has been produced from the
measuring site 1, passes through the image fiber 102 and
impinges upon the excitation light cut-off filter 121 of the
imaging unit 120. The image of the fluorescence 1.2 is
formed on the CCD image sensor 123.

In accordance with a control signal fed from the timing
control section 503, the image signals, which have been
detected respectively by the imaging blocks 14a, 145, 14c¢,
and 14d, are read with a reading frequency of 3.67 MHz
from the output ports 17a, 17b, 17¢, and 17d of the CCD
image sensor 123 and fed into the amplifiers 301a, 3015,
301c, and 301d of the image processing unit 300.

In the amplifiers 301a, 3015, 301c, and 3014, the image
signals are amplified. The image signals, which have been
amplified by the amplifiers 301a, 301b, 301c¢, and 3014, are
digitized respectively by the analog-to-digital converting
circuits 132q, 132b, 132¢, and 132d. The thus obtained
digital image signals are stored in the image memory 302. In
accordance with correcting operations having been per-
formed previously, the offset values and the gains of the
amplifiers 3015, 301c, and 3014 have been adjusted at the
values for compensation for variations in output character-
istics.

As 1in the correction control section 311 of FIG. 12, the
correction control section 501 read the image signal, which
has been detected in the non-exposure region of the imaging
block 14a of the CCD image sensor 123, from the image
memory 302. The correction control section 501 calculates
the mean value of the signal intensities of the thus read
image signal. Also, the correction control section 501 makes
a judgment as to whether the calculated mean value has or
has not changed by at least a predetermined value from a
reference mean value. In cases where it has been judged that
a change by at least the predetermined value has not
occurred in the mean value of the signal intensities of the
image signal described above, the correction control section
501 does not perform the re-setting of the offset values and
the gain adjustment values, which act as the correction
values. In such cases, the ordinary image processing opera-
tion is performed. Further, the image signal having been fed
out from the image memory 302 is subjected to the digital-
to-analog conversion in the digital-to-analog converter 136.
The image signal obtained from the digital-to-analog con-
verter 136 is utilized for displaying the fluorescence image
2 on the CRT display device 150.

In cases where it has been judged that a change by at least
the predetermined value has occurred in the mean value of
the signal intensities of the image signal described above,
the correction control section 501 selects the offset values
and the gain adjustment values, which correspond to the
mean value, from among the offset values and the gain
adjustment values having been stored in the correction value
storing section 502. Also, the correction control section 501
adjusts the offset values and the gains of the amplifiers 3015,
301c, and 3014 by utilizing the offset values and the gain
adjustment values, which have thus been selected and which
correspond to the imaging blocks 14b, 14¢, and 14d. Further,
the mean value having been calculated this time is set as the
mean value, which acts as a new reference mean value.

With the imaging operation performed after the correction
values have thus been set again, the image signals having
been corrected with the new correction values are stored in
the images memory 302 and utilized for displaying a fluo-
rescence image on the CRT display device 150.
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As described above, with the fifth embodiment, the con-
trol unit 500 is provided with the correction value storing
section 502 for storing previously the mean values of signal
intensities of image signals, which have been detected in the
non-exposure region, and the corresponding offset values
and the corresponding gain adjustment values, which act as
the correction values. In cases where a change has occurred
in the mean value of the image signal detected in the
non-exposure region, the offset values and the gain adjust-
ment values may be read from the correction value storing
section 502 and may be set again. Therefore, the same
effects as those with the fourth embodiment are capable of
being obtained. Also, the change of the mean value of signal
intensities of the image signal, which has been detected in
the non-exposure region, can be detected by utilizing the
ordinary imaging operation. Therefore, the processing for
the compensation for the output characteristics is capable of
being simplified.

In the fifth embodiment described above, the mean values
of signal intensities of image signals, which have been
detected in the non-exposure region, and the corresponding
offset values and the corresponding gain adjustment values
are stored in the correction value storing section S02.
Alternatively, for example, signal intensities of image
signals, which have been detected at a predetermined pixel
in the non-exposure region, or mean values of signal inten-
sities of image signals:, which have been detected in a
predetermined area in the non-exposure region, and the
corresponding offset values and the corresponding gain
adjustment values may be stored in the correction value
storing section 502. In such cases, in the correction control
section 501, a change in signal intensity of the image signal,
which has been detected at the predetermined pixel in the
non-exposure region, or a change in mean value of signal
intensities of the image signal, which has been detected in
the predetermined area in the non-exposure region, may be
monitored. In accordance with the results of the monitoring,
a judgment may be made as to whether the re-setting of the
offset values and the gain adjustment values is or is not -to
be performed.

Also, in the fifth embodiment, the amplifiers are
employed as the correction means. Alternatively, as in the
first or second embodiment of the fluorescence imaging
apparatus in accordance with the present invention, a look-
up table or a plurality of look-up tables may be employed as
the correction means. In such cases, as in the first or second
embodiment of the fluorescence imaging apparatus in accor-
dance with the present invention, the offset values and the
tone curve correction values may be employed as the
correction values.

The fifth embodiment may be modified in the manner
described below. Specifically, instead of the correction val-
ues being stored previously in the correction value storing
section 502, when the correction values are calculated at the
time of the imaging operation, the mean value of signal
intensities of the image signal, which has been detected in
the non-exposure region of the imaging block 14a of the
imaging surface 11, and the corresponding correction values
may be stored in the correction value storing section 502. In
cases where it has been judged by the correction control
section 501 that the re-calculations of the correction values
are to be performed, if the correction values corresponding
to the mean value of signal intensities of the image signal,
which has been detected in the non-exposure region of the
imaging block 144 at that time, have been stored in the
correction value storing section 502, the corresponding
correction values may be utilized. If the correction values
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corresponding to the mean value of signal intensities of the
image signal, which has been detected in the non-exposure
region of the imaging block 144 at that time, have not been
stored in the correction value storing section 502, new
correction values may be calculated. With the modification
of the fifth embodiment, under the ordinary imaging
conditions, unnecessary correction values need not be
stored. Therefore, the storage capacity of the correction
value storing section 502 may be set at a low value.

An endoscope system, in which a sixth embodiment of the
fluorescence imaging apparatus in accordance with the
present invention is employed, will be described hereinbe-
low with reference to FIG. 15. FIG. 15 is a schematic view
showing the endoscope system, in which the sixth embodi-
ment of the fluorescence imaging apparatus in accordance
with the present invention is employed. In the endoscope
system, excitation light is irradiated to the measuring site in
a living body, and the fluorescence having been produced
from the measuring site is guided through the image fiber
and detected by the CCD image sensor having four output
ports. In this manner, the fluorescence image is displayed on
the CRT display device. When signal charges are read from
the CCD image sensor, the signal charge are read at a
reading frequency of 3.67 MHz, which is % times as high as
the conventional reading frequency. Further, each of the
output ports of the CCD image sensor is provided with one
of amplifiers, in which the offset values and gains are
capable of being adjusted. The amplifiers perform amplifi-
cation of the image signals and the compensation for the
output characteristics. Also, the endoscope system is pro-
vided with a correction value storing section for storing
information representing temperatures in the vicinity of the
CCD image sensor, and the corresponding offset values and
the corresponding gain adjustment values, which are to be
set as the correction values in the amplifiers. In FIG. 14,
similar elements are numbered with the same reference
numerals with respect to FIG. 12.

The endoscope system, in which the sixth embodiment of
the fluorescence imaging apparatus in accordance with the
present invention is employed, comprises the endoscope 100
to be inserted into a region of a patient, which region is
considered as being a diseased part, and the illuminating unit
110 provided with the light source for producing the exci-
tation light, which is used for obtaining a fluorescence
image. The endoscope system also comprises an imaging
unit 600 for receiving the fluorescence, which has been
produced from the measuring site in the living body when
the excitation light is irradiated to the measuring site, and
forming image signals representing the image of the fluo-
rescence. The endoscope system further comprises the
image processing unit 300 for performing image processing
for displaying the fluorescence image, which has been
detected by the imaging unit 600, as a visible image. The
endoscope system still further comprises a control unit 610
for controlling the imaging operations. The endoscope sys-
tem also comprises the CRT display device 150 for display-
ing the fluorescence image, which has been processed by the
image processing unit 300, as a visible image.

The imaging unit 600 comprises the excitation light
cut-off filter 121 for filtering out light, which has wave-
lengths falling within a wavelength region of at most 430 nm
in the vicinity of the wavelength of the excitation light L1,
from the fluorescence 1.2 having passed through the image
fiber 102. The imaging unit 600 also comprises the CCD
image sensor 123, and a thermistor 601 for detecting the
temperature of the CCD image sensor 123.

The control unit 610 comprises a correction control
section 611 for controlling the correcting operations for
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compensation for variations in image signal output charac-
teristics. The control unit 610 also comprises a correction
value storing section 612 for storing previously the infor-
mation representing the temperatures of the CCD image
sensor 123, and the corresponding offset values and the
corresponding gain adjustment values, which act as the
correction values. The control unit 610 further comprises a
timing control section 613, which is connected to the respec-
tive units and controls the operation timings. The correction
control section 611 is connected to the image memory 302
and the amplifiers 3015, 301c, and 301d.

This correction control section 611 receives information
representing the temperature in the vicinity of the CCD
image sensor 123 from the thermistor 601. Also, the cor-
rection control section 611 makes a judgment as to whether
the temperature has or has not changed by at least a
predetermined value from a reference temperature. In cases
where it has been judged that a change by at least the
predetermined value has not occurred in the temperature in
the vicinity of the CCD image sensor 123, the correction
control section 611 does not perform the re-setting of the
offset values and the gain adjustment values, which act as
the correction values. In such cases, the ordinary image
processing operation is performed.

In cases where it has been judged that a change by at least
the predetermined value has occurred in the temperature in
the vicinity of the CCD image sensor 123, the correction
control section 611 selects the offset values and the gain
adjustment values, which correspond to the detected
temperature, from among the offset values and the gain
adjustment values having been stored in the correction value
storing section 612. The offset values and the gain adjust-
ment values having thus been selected are set as the correc-
tion values.

The amplifiers 301a, 3015, 301c, and 301d constitute the
amplification means of the fluorescence imaging apparatus
in accordance with the present invention. The image
memory 302 constitutes the composing means of the fluo-
rescence imaging apparatus in accordance with the present
invention. The thermistor 601 constitutes the temperature
detecting means of the fluorescence imaging apparatus in
accordance with the present invention. The correction con-
trol section 611 constitutes the re-setting judgment means
and the correction value setting means of the fluorescence
imaging apparatus in accordance with the present invention.
The correction value storing section 612 constitutes the
correction value storing means of the fluorescence imaging
apparatus in accordance with the present invention.

How the endoscope system, in which the sixth embodi-
ment of the fluorescence imaging apparatus in accordance
with the present invention is employed, operates will be
described hereinbelow.

The correction value storing section 612 stores previously
the information representing the temperatures in the vicinity
of the CCD image sensor 123 that fall within the temperature
range, at which the endoscope system is used, and the
corresponding offset values and the corresponding gain
adjustment values, which act as the correction values. Also,
the offset values and the gain adjustment values have been
calculated in the same manner as that in the calculations of
the offset values and the gain adjustment values in the third
embodiment of FIG. 12.

When an imaging operation is to be performed, the
excitation light L1 having a wavelength of 410 nm is
produced by the GaN type of semiconductor laser 111 and
irradiated to the measuring site 1.

The fluorescence 1.2, which has been produced from the
measuring site 1, passes through the image fiber 102 and
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impinges upon the excitation light cut-off filter 121 of the
imaging unit 600. The image of the fluorescence 1.2 is
formed on the CCD image sensor 123.

In accordance with a control signal fed from the timing
control section 613, the image signals, which have been
detected respectively by the imaging blocks 144, 14b, 14c,
and 14d, are read with a reading frequency of 3.67 MHz
from the output ports 17a, 17b, 17¢, and 17d of the CCD
image sensor 123 and fed into the amplifiers 301a, 3015,
301c, and 301d of the image processing unit 300.

In the amplifiers 3014, 301b, 301c, and 3014, the image
signals are amplified. The image signals, which have been
amplified by the amplifiers 3014, 3016, 301c, and 3014, are
digitized respectively by the analog-to-digital converting
circuits 132a, 132b, 132¢, and 132d. The thus obtained
digital image signals are stored in the image memory 302. In
accordance with correcting operations having been per-
formed previously, the offset values and the gains of the
amplifiers 3015, 301c, and 301d have been adjusted at the
values for compensation for variations in output character-
istics.

The correction control section 611 receives the informa-
tion representing the temperature of the CCD image sensor
123 from the thermistor 601. Also, the correction control
section 611 makes a judgment as to whether the detected
temperature has or has not changed by at least a predeter-
mined value from a reference temperature. In cases where it
has been judged that a change by at least the predetermined
value has not occurred in the temperature, the correction
control section 611 does not perform the re-setting of the
offset values and the gain adjustment values, which act as
the correction values. In such cases, the ordinary image
processing operation is performed. Further, the image signal
having been fed out from the image memory 302 is sub-
jected to the digital-to-analog conversion in the digital-to-
analog converter 136. The image signal obtained from the
digital-to-analog converter 136 is utilized for displaying the
fluorescence image 2 on the CRT display device 150.

In cases where it has been judged that a change by at least
the predetermined value has occurred in the temperature, the
correction control section 611 selects the offset values and
the gain adjustment values, which correspond to the detected
temperature, from among the offset values and the gain
adjustment values having been stored in the correction value
storing section 612. Also, the correction control section 611
adjusts the offset values and the gains of the amplifiers 3015,
301c, and 301d by utilizing the offset values and the gain
adjustment values, which have thus been selected and which
correspond to the imaging blocks 145, 14¢, and 14d. Further,
the temperature having been detected this time is set as the
temperature, which acts as a new reference temperature.

With the imaging operation performed after the correction
values have thus been set again, the image signals having
been corrected with the new correction values are stored in
the image memory 302 and utilized for displaying a fluo-
rescence image on the CRT display device 150.

As described above, with the sixth embodiment, the
thermistor 601 for detecting the temperature in the vicinity
of the CCD image sensor 123 is employed. Also, the control
unit 610 is provided with the correction value storing section
612 for storing previously the information representing the
temperatures in the vicinity of the CCD image sensor 123
that fall within the temperature range, at which the endo-
scope system is used, and the corresponding offset values
and the corresponding gain adjustment values, which act as
the correction values. In cases where a change has occurred
in the temperature of the CCD image sensor 123, the offset
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values and the gain adjustment values may be read from the
correction value storing section 612 and may be set again.
Therefore, the same effects as those with the fourth embodi-
ment are capable of being obtained. Also, the detection of
the temperature with the thermistor 601 and the comparison
of the temperature with the reference temperature can be
performed with a simple processing operation. Therefore,
the processing for the compensation for the output charac-
teristics is capable of being simplified.

In the sixth embodiment, the amplifiers are employed as
the correction means. Alternatively, as in the first or second
embodiment of the fluorescence imaging apparatus in accor-
dance with the present invention, a look-up table or a
plurality of look-up tables may be employed as the correc-
tion means. In such cases, as in the first or second embodi-
ment of the fluorescence imaging apparatus in accordance
with the present invention, the offset values and the tone
curve correction values may be employed as the correction
values.

The sixth embodiment may be modified in the manner
described below. Specifically, instead of the correction val-
ues being stored previously in the correction value storing
section 612, when the correction values are calculated at the
time of the imaging operation, the information representing
the temperature in the vicinity of the CCD image sensor 123
and the corresponding correction values may be stored in the
correction value storing section 612. In cases where it has
been judged by the correction control section 611 that the
re-calculations of the correction values are to be performed,
if the correction values corresponding to the temperature in
the vicinity of the CCD image sensor 123, which tempera-
ture has been detected at that time, have been stored in the
correction value storing section 612, the corresponding
correction values may be utilized. If the correction values
corresponding to the temperature in the vicinity of the CCD
image sensor 123, which temperature has been detected at
that time, have rot been stored in the correction value storing
section 612, new correction values may be calculated. With
the modification of the sixth embodiment, during the ordi-
nary imaging operations, correction values corresponding to
a temperature range, at which the endoscope system will not
be used, need not be stored. Therefore, the storage capacity
of the correction value storing section 612 may be set at a
low value.

In the aforesaid embodiments of the fluorescence imaging
apparatus in accordance with the present invention, the
imaging surface 11 of the CCD image sensor 123 is divided
into four imaging blocks. However, the number of the
imaging blocks, into which the imaging surface 11 is
divided, is not limited to for and may be set at an arbitrary
value. In cases where the number of the imaging blocks, into
which the imaging surface 11 is divided, is set at large value,
the number of pixels, whose image signal is read from one
output port, becomes small, and therefore the reading fre-
quency can be set at a value which is small even further.
Also, reading noise can be suppressed even further. Further,
it becomes possible to read the image signal at an optimum
reading frequency, which is associated with the minimum
reading noise. However, if the number of the imaging
blocks, into which the imaging surface 11 is divided, is set
at large value, the peripheral circuits will become
complicated, and the time required to perform the compen-
sation processing will become long. Therefore, it is difficult
for the number of the imaging blocks, into which the
imaging surface 11 is divided, be set at a value larger than
64. The number of the imaging blocks, into which the
imaging surface 11 is divided, should preferably fall within
the range of 2 to 64.
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Also, in cases where the number of the imaging blocks,
into which the imaging surface 11 is divided, falls within the
range of 2 to 8, the operation for compensation processing
is capable of being performed with simple constitution of the
peripheral circuits. Further, the reading frequency is capable
of being optimized by combining the binning reading tech-
nique for adding the signal charges at a plurality of pixels
and then reading the sum of the signal charges.

Further, in the aforesaid embodiments of the fluorescence
imaging apparatus in accordance with the present invention,
when the correction values are calculated, the offset values
are calculated in accordance with the signal intensities of the
image signals, which have been detected in the non-
exposure regions 13, 13. Alternatively, the offset values
acting as the correction values may be calculated in accor-
dance with the image signals having been detected in the
state, in which light is blocked from impinging upon the
imaging surface 11, and the tone curve correction values or
the gain adjustment values may be calculated in accordance
with the ordinarily detected image signals having been
detected in the state, in which light impinges upon the
imaging surface 11. In such cases, even if the imaging
surface 11 is divided into 3x3 imaging blocks, and the
imaging block located at the center area of the image
exposure region does not contain the non-exposure region,
the offset values are capable of being calculated appropri-
ately.

It has heretofore been known that, in cases where the
excitation light having a wavelength falling within an exci-
tation wavelength range for an intrinsic dye in the living
body is irradiated to the living body, the fluorescence
spectrum varies for the fluorescence produced from the
normal tissues and the fluorescence produced from the
diseased tissues. FIG. 16 shows typical fluorescence spectra
of the fluorescence produced from normal tissues and the
fluorescence produced from diseased tissues, which fluores-
cence spectra have been measured by the inventors. It is
assumed that the thus produced fluorescence results from
superposition of the fluorescence produced by various kinds
of intrinsic dyes in the living body, such as flavin, collagen,
fibronectin, and porphyrin.

As described above, the spectrum of the fluorescence
varies for the normal tissues and the diseased tissues.
Systems for displaying location and an infiltration range of
discased tissues as a fluorescence image by the utilization of
such characteristics, have heretofore been proposed. With
the proposed systems, the fluorescence, which is produced
from a measuring site in a living body when the excitation
light is irradiated to the measuring site, is detected, and a
fluorescence image, which reflects the intensity of the fluo-
rescence or a distribution of light intensities of the fluores-
cence spectrum, is displayed on a monitor. Ordinarily, the
proposed systems are provided with fluorescence imaging
apparatuses for imaging the fluorescence, which is produced
from the measuring site in the living body when the exci-
tation light is irradiated to the measuring site. The embodi-
ments described above are applicable to such fluorescence
imaging apparatuses.

In addition, all of the contents of Japanese Patent Appli-
cation Nos. 11(1999)-328413 and 2000-069101 are incor-
porated into this specification by reference.

What is claimed is:

1. A method of acquiring a fluorescence image, compris-
ing the steps of:

i) detecting intrinsic fluorescence, which has been pro-

duced from living body tissues when excitation light is
irradiated to the living body tissues, with an image
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sensor, the excitation light causing the living body
tissues to produce the intrinsic fluorescence, and

ii) reading out the detected intrinsic fluorescence as an
image,
wherein the image is acquired by setting the image
sensor such that a reading frequency, an area of one
pixel, a total number of pixels, a number of pixels
subjected to pixel binning, a number of reading
ports, an exposure time, a quantum efficiency, an
electron multiplication factor, and a sensor tempera-
ture of the image sensor satisfy the following con-
dition formula:

RN+DN<0.22xPxHxG

in which RN represents the number of electric
charges occurring due to reading noise, DN repre-
sents the number of electric charges occurring due to
dark noise, P represents the irradiation output of the
excitation light (in mW), H represents the quantum
efficiency of the image sensor, and G represents the
electron multiplication factor of the image sensor.
2. A method of acquiring a fluorescence image, compris-
ing the steps of:

i) detecting intrinsic fluorescence,which has been pro-
duced from living body tissues when excitation light is
irradiated to the living body tissues, with an image
sensor, the excitation light causing the living body
tissues to produce the intrinsic fluorescence, and

ii) reading out the detected intrinsic fluorescence as an
image,
wherein the image is acquired by setting the image

sensor such that a reading frequency, an area of one
pixel, a total number of pixels, a number of pixels
subjected to pixel binning, a number of reading
ports, an exposure time, a quantum efficiency, an
electron multiplication factor, a sensor temperature,
a floating diffusion capacity, and a full well capacity
of the image sensor satisfy the following condition
formulas:

(RN+DN)x1000xG<Fd
(RN+DN)x1000xG<Fw

in which RN represents the number of electric
charges occurring due to reading noise, DN repre-
sents the number of electric charges occurring due to
dark noise, G represents the electron multiplication
factor of the image sensor, Fd represents the number
of electric charges corresponding to the floating
diffusion capacity, and Fw represents the number of
electric charges corresponding to the full well capac-
ity.

3. An apparatus for acquiring a fluorescence image,

comprising:

i) an image sensor for detecting intrinsic fluorescence,
which has been produced from living body tissues
when excitation light is irradiated to the living body
tissues, the excitation light causing the living body
tissues to produce the intrinsic fluorescence, and

ii) read-out means for reading out the detected intrinsic
fluorescence as an image,
wherein the image sensor is set such that a reading

frequency, an area of one pixel, a total number of
pixels, a number of pixels subjected to pixel binning,
a number of reading ports, an exposure time, a
quantum efficiency, an electron multiplication factor,
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and a sensor temperature of the image sensor satisfy
the following condition formula:

RN+DN<0.22xPxHxG

in which RN represents the number of electric
charges occurring due to reading noise, DN repre-
sents the number of electric charges occurring due to
dark noise, P represents the irradiation output of the
excitation light (in mW), H represents the quantum
efficiency of the image sensor, and G represents the
electron Multiplication factor of the image sensor.

4. An apparatus for acquiring a fluorescence image,

comprising:

1) an image sensor for detecting intrinsic fluorescence,
which has been produced from living body tissues
when excitation light is irradiated to the living body
tissues, the excitation light causing the living body
tissues to produce the intrinsic fluorescence, and

i) read-out means for reading out the detected intrinsic
fluorescence as an image,
wherein the image sensor is set such that a reading
frequency, an area of one pixel, a total number of
pixels, a number of pixels subjected to pixel binning,
a number of reading ports, an exposure time, a
quantum efficiency, an electron multiplication factor,
a sensor temperature, a floating diffusion capacity,
and a full well capacity of the image sensor satisfy
the following condition formulas:

(RN+DN)x1000xG <Fd
(RN+DN)x1000xG<Fw

in which RN represents the number of electric
charges occurring due to reading noise, DN repre-
sents the number of electric charges occurring due to
dark noise, G represents the electron multiplication
factor of the image sensor, Fd represents the number
of electric charges corresponding to the floating
diffusion capacity, and Fw represents the number of
electric charges corresponding to the full well capac-
ity.

5. An apparatus for acquiring a fluorescence image as
defined in claim 3 or 4 wherein the reading frequency is set
so as to satisfy the condition RN=DN.

6. An apparatus for acquiring a fluorescence image as
defined in claim 3 or 4 wherein the image sensor is a charge
coupled device type of image sensor.

7. An apparatus for acquiring a fluorescence image as
defined in claim 3 or 4 wherein the image sensor is a metal
oxide semiconductor type of image sensor.

8. A fluorescence imaging apparatus, comprising:

i) irradiation means for irradiating excitation light to a
measuring site, the excitation light causing the mea-
suring site to produce fluorescence, and
i) imaging means for detecting the fluorescence, which
has been produced from the measuring site, the imag-
ing means being provided with an imaging surface,
which comprises a plurality of pixels arrayed in a
two-dimensional form,
wherein the imaging means is provided with a plurality
of output ports,

wherein the imaging surface is divided into N number
of imaging blocks, where N is at least 2,

each of the output ports is provided for one of the N
number of imaging blocks, and

the fluorescence imaging apparatus further comprises:
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composing means for combining image signals,
which have been outputted from the output ports,
to form an image signal representing one image,

correction value calculating means for calculating
correction values in accordance with variations in
output characteristics among N number of output
channels, which extend on the N number of imag-
ing blocks to the composing means,

correction means for performing compensation for
the variations in output characteristics, and

correction value setting means for setting the cor-
rection values in the correction means.

9. A fluorescence imaging apparatus as defined in claim 8
wherein the correction means is constituted of signal trans-
forming means, which stores offset values and tone curve
correction values.

10. A fluorescence imaging apparatus as defined in claim
9 wherein the imaging surface of the imaging means is
constituted of an image exposure region and non-exposure
regions,

each of the imaging blocks contains one of the non-

exposure regions,

the correction value calculating means calculates the

offset values, which act as the correction values, from
image signals having been detected in a state, in which
light impinges upon the imaging surface of the imaging
means, and having been outputted through the respec-
tive output channels, the offset values being calculated
such that signal intensities of image signals, which
have been detected respectively in the non-exposure
regions of the imaging blocks, take approximately
identical values, and

the correction value calculating means calculates the tone

curve correction values, which act as the correction
values, from the image signals having been detected in
the state, in which light impinges upon the imaging
surface of the imaging means, and having been output-
ted through the respective output channels, the tone
curve correction values being calculated such that
signal intensities of image signals, which have been
detected respectively at adjacent ends of the imaging
blocks that are adjacent to each other, take approxi-
mately identical values.

11. A fluorescence imaging apparatus as defined in claim
9 wherein the correction value calculating means calculates
the offset values, which act as the correction values, from
image signals having been detected in a state, in which light
is blocked from impinging upon the imaging surface of the
imaging means, and having been outputted through the
respective output channels, the offset values being calcu-
lated such that signal intensities of image signals, which
have been detected respectively in the imaging blocks, take
approximately identical values, and

the correction value calculating means calculates the tone

curve correction values, which act as the correction
values, from image signals having been detected in a
state, in which light impinges upon the imaging surface
of the imaging means, and having been outputted
through the respective output channels, the tone curve
correction values being calculated such that signal
intensities of image signals, which have been detected
respectively at adjacent ends of the imaging blocks that
are adjacent to each other, take approximately identical
values.

12. A fluorescence imaging apparatus as defined in claim
8 wherein the correction means is constituted of amplifica-
tion means, in which offset values and gains are capable of
being adjusted.



US 6,529,768 B1

49

13. A fluorescence imaging apparatus as defined in claim
12 wherein the imaging surface of the imaging means is
constituted of an image exposure region and non-exposure
regions,

each of the imaging blocks contains one of the non-

exposure regions,

the correction value calculating means calculates the

offset values, which act as the correction values, from
image signals having been detected in a state, in which
light impinges upon the imaging surface of the imaging
means, and having been outputted through the respec-
tive output channels, the offset values being calculated
such that signal intensities of image signals, which
have been detected respectively in the non-exposure
regions of the imaging blocks, take approximately
identical values, and

the correction value calculating means calculates gain
adjustment values, which act as the correction values,
from the image signals having been detected in the
state, in which light impinges upon the imaging surface
of the imaging means, and having been outputted
through the respective output channels, the gain adjust-
ment values being calculated such that signal intensities
of image signals, which have been detected respec-
tively at adjacent ends of the imaging blocks that are
adjacent to each other, take approximately identical
values.

14. A fluorescence imaging apparatus as defined in claim
12 wherein the correction value calculating means calculates
the offset values, which act as the correction values, from
image signals having been detected in a state, in which light
is blocked from impinging upon the imaging surface of the
imaging means, and having been outputted through the
respective output channels, the offset values being calcu-
lated such that signal intensities of image signals, which
have been detected respectively in the imaging blocks, take
approximately identical values, and

the correction value calculating means calculates the gain

adjustment values, which act as the correction values,
from image signals having been detected in a state, in
which light impinges upon the imaging surface of the
imaging means, and having been outputted through the
respective output channels, the gain adjustment values
being calculated such that signal intensities of image
signals, which have been detected respectively at adja-
cent ends of the imaging blocks that are adjacent to
each other, take approximately identical values.

15. A fluorescence imaging apparatus as defined in claim
9,10, 11, 12, 13, or 14 wherein the imaging surface of the
imaging means is constituted of an image exposure region
and non-exposure regions,

the fluorescence imaging apparatus further comprises

re-setting judgment means for making a judgment for
each imaging operation and as to whether re-setting of
the correction values is to be or is not to be performed,
the judgment being made in accordance with the pres-
ence or absence of a change in signal intensity of an
image signal, which has been detected in one of the
non-exposure regions,

the correction value calculating means operates such that,

in cases where it has been judged by the re-setting
judgment means that the re-setting of the correction
values is to be performed, the correction value calcu-
lating means calculates new correction values, and
the correction value setting means sets the new correction
values, which have been calculated by the correction
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value calculating means, as the correction values in the
correction means.
16. A fluorescence imaging apparatus, comprising:

1) irradiation means for irradiating excitation light to a
measuring site, the excitation light causing the mea-
suring site to produce fluorescence, and

i) imaging means for detecting the fluorescence, which
has been produced from the measuring site, the imag-
ing means being provided with an imaging surface,
which comprises a plurality of pixels arrayed in a
two-dimensional form,
wherein the imaging means is provided with a plurality

of output ports,
wherein the imaging surface is divided into N number
of imaging blocks, where N is at least 2,
each of the output ports is provided for one of the N
number of imaging blocks, and
the fluorescence imaging apparatus further comprises:
composing means for combining image signals,
which have been outputted from the output ports,
to form an image signal representing one image,
correction value storing means for storing correction
values for compensation for variations in output
characteristics, the correction values having been
calculated in accordance with the variations in
output characteristics among N number of output
channels, which extend from the N number of
imaging blocks to the composing means,
correction means for performing compensation for
the variations in output characteristics, and
correction value setting means for setting the cor-
rection values in the correction means.

17. A fluorescence imaging apparatus as defined in claim
16 wherein the correction means is constituted of signal
transforming means, which stores offset values and tone
curve correction values, and

the correction value storing means stores the offset values
and the tone curve correction values as the correction
values.

18. A fluorescence imaging apparatus as defined in claim
16 wherein the correction means is constituted of amplifi-
cation means, in which offset values and gains are capable
of being adjusted, and

the correction value storing means stores the offset values
and gain adjustment values as the correction values.

19. A fluorescence imaging apparatus as defined in claim
16, 17, or 18 wherein the correction value storing means
stores signal intensity or a mean value of signal intensities
of an image signal having been detected in a state, in which
light is blocked from impinging upon the imaging surface of
the imaging means, and corresponding correction values,

the fluorescence imaging apparatus further comprises
re-setting judgment means for making a judgment for
each imaging operation and as to whether re-setting of
the correction values is to be or is not to be performed,
the judgment being made in accordance with the pres-
ence or absence of a change in signal intensity or a
mean value of signal intensities of an image signal
having been detected in a state, in which light is
blocked from impinging upon the imaging surface of
the imaging means, and

the correction value setting means operates such that, in
cases where it has been judged by the re-setting judg-
ment means that the re-setting of the correction values
is to be performed, the correction value setting means
reads the correction values, which correspond to the
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signal intensity or the mean value of signal intensities
of the image signal associated with the judgment in that
the re-setting of the correction values is to be
performed, from among the correction values having
been stored in the correction value storing means and
sets the correction values, which have thus been read
from the correction value storing means, as the correc-
tion values in the correction means.

20. A fluorescence imaging apparatus as defined in claim

16, 17, or 18 wherein the imaging surface of the imaging
means is constituted of an image exposure region and
non-exposure regions,

the correction value storing means stores signal intensity
or a mean value of signal intensities of an image signal,
which has been detected in one of the non-exposure
regions, and corresponding correction values,

the fluorescence imaging apparatus further comprises
re-setting judgment means for making a judgment for
each imaging operation and as to whether re-setting of
the correction values is to be or is not to be performed,
the judgment being made in accordance with the pres-
ence or absence of a change in signal intensity or a
mean value of signal intensities of an image signal,
which has been detected in one of the non-exposure
regions, and

the correction value setting means operates such that, in
cases where it has been judged by the re-setting judg-
ment means that the re-setting of the correction values
is to be performed, the correction value setting means
reads the correction values, which correspond to the
signal intensity or the mean value of signal intensities
of the image signal associated with the judgment in that
the re-setting of the correction values is to be
performed, from among the correction values having
been stored in the correction value storing means and
sets the correction values, which have thus been read
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from the correction value storing means, as the correc-
tion values in the correction means.

21. A fluorescence imaging apparatus as defined in claim
16, 17, or 18 wherein the correction value storing means
stores information representing a temperature in the vicinity
of the imaging means and corresponding correction values,
which have been calculated by the correction value calcu-
lating means,

the fluorescence imaging apparatus further comprises:

temperature detecting means for detecting the tempera-
ture in the vicinity of the imaging means, and

re-setting judgment means for making a judgment for
each imaging operation and as to whether re-setting
of the correction values is to be or is not to be
performed, the judgment being made in accordance
with the presence or absence of a change in tem-
perature in the vicinity of the imaging means, and

the correction value setting means operates such that, in
cases where it has been judged by the re-setting
judgment means that the re-setting of the correction
values is to be performed, the correction value set-
ting means reads the correction values, which cor-
respond to the temperature in the vicinity of the
imaging means associated with the judgment in that
the re-setting of the correction values is to be
performed, from among the correction values having
been stored in the correction value storing means and
sets the correction values, which have thus been read
from the correction value storing means, as the
correction values in the correction means.

22. A fluorescence imaging apparatus as defined in claim
8,9, 10,11, 12, 13, 14, 16, 17, or 18 wherein the value of
N is at most 64.

23. A fluorescence imaging apparatus as defined in claim
8,9, 10,11, 12, 13, 14, 16, 17, or 18 wherein the value of
N is at most 8.
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