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Description
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to a method and apparatus for acquiring a fluorescence image, wherein intrinsic fluores-
cence, which is produced from living body tissues when the living body tissues are exposed to excitation light, is acquired
as animage. This invention also relates to a fluorescence imaging apparatus forimaging fluorescence, which is produced
from a measuring site when the measuring site is exposed to excitation light.

Description of the Related Art

[0002] Research has heretofore been conducted with respect to techniques, wherein intrinsic fluorescence, which is
produced 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.
[0003] 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.
[0004] By way of example, the excitation light may be irradiated to living body tissues in the body cavity having a
complicated 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
50mm 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.

[0005] 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 fluorescence 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.

[0006] 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 fluorescence. 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
intrinsic fluorescence produced from the cancerous tissues will become lower than the level of the signal due to the dark
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.

[0007] Further, itis desired that the intrinsic fluorescence produced from normal tissues, which are located at a position
(i.e., a near point) spaced 5mm 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.

[0008] However, dynamic ranges of the electron multiplication types of image sensors, such as ICCD’s, are narrower
than the order of 101. 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.

[0009] US5699798 discloses a method and an apparatus for optically imaging solid tumour tissue either using intrinsic
fluorescence or extrinsically by injection of a dye. US5699798 discusses the importance of increasing the signal to noise
ratio by reducing the noise signal (e.g. by CCD cooling) as well as the technique of stretching or broadening the pixel
intensity values to achieve maximum dynamic range. In Example I, a viable image using non intrinsic fluorescence in
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obtained by optimization of the gain and offset of the photo detector.
SUMMARY OF THE INVENTION

[0010] 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.

[0011] 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.

[0012] A further object of the present invention is to provide an apparatus for carrying out the method of acquiring a
fluorescence image.

[0013] 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.

[0014] The present invention provides a first method of acquiring a fluorescence image, comprising the steps of:

i) detecting intrinsic fluorescence, which has been produced 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, and a sensor temperature of the image sensor satisfy the following condition
formula:

RN+DN<O0.22xPxHxG

[0015] The presentinvention also provides a second method of acquiring a fluorescence image, comprising the steps of:

i) detecting intrinsic fluorescence, which has been produced 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

[0016] 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,
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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

[0017] The presentinvention still further provides a second 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, 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

[0018] Inthe firstand second apparatuses for acquiring a fluorescence image in accordance with the present invention,
the reading frequency may be set so as to satisfy the condition RN=DN.

[0019] 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.

[0020] In the formulas described above, RN represents the number 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.

[0021] Also, RN and DN may be represented by the formulas shown below.

RN=0 . 17SO.777xf1/2

DN=(tread+texp)xSxnxe™

tread=(N/n)/(£x10°xM)

+{(n-1)x(N/n)}/ (£x107xM)
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d(T)=4.1913x107°x(273+T)?
-3.8015%x107°x(273+T)?

+1.2197%x(273+T)-136

in which S represents the area of one pixel (in um2), f represents the reading frequency (in megapixel/sec), N represents
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).
[0022] In the first and second methods of acquiring a fluorescence 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 1/30 second perimage frame as in ordinary
cases. Alternatively, the image may be acquired as images, which are acquired successively, for example, for every
1/10 second per image frame such that, even if the motion of the detected images cannot be seen as a smooth motion,
the measuring site is capable of being seen successively.

[0023] 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.

[0024] 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, 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

[0025] A fluorescence imaging apparatus as above, further comprising:

i) irradiation means for irradiating excitation light to a measuring site, the excitation light causing the measuring site
to produce fluorescence, and

i) imaging means for detecting the fluorescence, which has been produced from the measuring site, the imaging
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 is also provided.

[0026] 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 multiplication
type of image sensor combined with multiplication means.

[0027] The fluorescence imaging apparatus 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



10

15

20

25

30

35

40

45

50

55

EP 1101 438 B1
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 correction values 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,

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.

[0028] In such cases, the correction means should preferably be constituted of signal transforming means, which
stores offset values and tone curve correction values.

[0029] Also, the fluorescence imaging apparatus wherein the correction means is constituted of the signal transforming
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 respective 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 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.

[0030] Further, the fluorescence imaging apparatus wherein the correction means is constituted of the signal trans-
forming 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 calculated 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.

[0031] Furthermore, in the fluorescence imaging apparatus the correction means may be constituted of amplification
means, in which offset values and gains are capable of being adjusted.

[0032] Also, the fluorescence imaging apparatus 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 respective 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 adjustment 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.

[0033] Further, the fluorescence imaging apparatus 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 calculated such that signal intensities of image signals, which have been detected respectively in the
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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 adjacent ends of the imaging blocks
that are adjacent to each other, take approximately identical values.

[0034] Furthermore, the fluorescence imaging apparatus 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 presence 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 calculating 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.

[0035] 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.

[0036] Also, the fluorescence imaging apparatus may 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 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.

[0037] 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.

[0038] 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.

[0039] The fluorescence imaging apparatus 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 presence 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 judgment
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 correction values in the correction means.
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[0040] Also, the fluorescence imaging apparatus 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, 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 presence 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 judgment
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 correction values in the correction means.

[0041] Further, the fluorescence imaging apparatus wherein the correction value storing means is employed, should
preferably be modified such that 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 calculating means,

the fluorescence imaging apparatus further comprises:

temperature detecting means for detecting the temperature 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 temperature 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 setting means reads 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, 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.

[0042] In the fluorescence imaging apparatus the value of N should preferably be at most 64, and should more
preferably be at most 8.

[0043] 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
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.

[0044] With the second method of acquiring a fluorescence image and the second apparatus for acquiring a fluores-
cence 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 formulas:

(RN+DN) x1000xG<Fd

(RN+DN) x1 00 0xG<Fw
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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.

[0045] 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.

[0046] 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.

[0047] With the fluorescence imaging apparatus 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.

[0048] 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 the correction values
are calculated in accordance with variations in output characteristics 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
correction means for performing compensation for the variations 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.

[0049] With the fluorescence imaging apparatus 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.

[0050] With the fluorescence imaging apparatus 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.

[0051] With the fluorescence imaging apparatus 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.

[0052] With the fluorescence imaging apparatus wherein the correction means is constituted of the amplification
means, in which the offset values and the gains are capable of being adjusted, amplification 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.

[0053] Also, with the fluorescence imaging apparatus 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.

[0054] Withthe fluorescence imaging apparatus 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.
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[0055] Ithas been known that the output characteristics of the output channels vary for different ambient temperatures.
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.

[0056] Withthe fluorescence imaging apparatus 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
correction value storing means, may be set in the correction means for performing compensation for the variations in
output characteristics. Therefore, the number of pixels allocated 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.

[0057] Withthe fluorescence imaging apparatus 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.
[0058] With the fluorescence imaging apparatus 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, amplification 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.

[0059] With the fluorescence imaging apparatus 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 having
been detected in the state, in which light is blocked from impinging upon the imaging surface of the imaging means, and
the corresponding 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.

[0060] With the fluorescence imaging apparatus, wherein the correction value storing means is employed, the cor-
rection 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 corresponding 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 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. 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.
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[0061] Withthe fluorescence imaging apparatus wherein the correction value storing means is employed, the correction
value storing means may store the information representing the temperature in the vicinity of the imaging means and
the corresponding 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 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.

[0062] With the fluorescence imaging apparatus 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 compensation processing may not become com-
plicated. 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
[0063]

Figure 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,

Figure 2 is an explanatory view showing a range of irradiation of excitation light,

Figure 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,

Figure 4 is a graph showing relationship between a total number of noise charges DRN and an area of one pixel S,
Figure 5 is a graph showing relationship between the total number of noise charges DRN and a reading frequency f,
Figure 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,

Figure 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,

Figure 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,

Figure 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,

Figure 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 accordance with the present invention is employed,
Figure 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,

Figure 12 is a schematic view showing an endoscope system, in which a third embodiment of the fluorescence
imaging apparatus is employed,

Figure 13 is a schematic view showing an endoscope system, in which a fourth embodiment of the fluorescence
imaging apparatus is employed,

Figure 14 is a schematic view showing an endoscope system, in which a fifth embodiment of the fluorescence
imaging apparatus is employed,

Figure 15 is a schematic view showing an endoscope system, in which a sixth embodiment of the fluorescence
imaging apparatus is employed, and

Figure 16 is a graph showing spectral intensity distributions of fluorescence produced from normal tissues and
fluorescence produced from diseased tissues.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0064] The present invention will hereinbelow be described in further detail with reference to the accompanying draw-

ings.
[0065] Figure 1 is a schematic view showing a fluorescence endoscope system, in which an embodiment of the
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apparatus for acquiring a fluorescence image in accordance with the present invention is employed.

[0066] WithreferencetoFigure 1, afluorescence endoscope system 800 comprises alight source unit 810 for producing
excitation light Le having a wavelength of 410nm. The fluorescence endoscope system 800 also comprises an endoscope
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 irradiated 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 endoscope 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.

[0067] 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 410nm is combined with a light receiving surface of the image sensor 25.

[0068] 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 21a 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 100mW. 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 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.

[0069] 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.
[0070] Specifically, such that the intensity of the intrinsic fluorescence 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 (1)

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 (2)
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(RN+DN ) x1000xG<Fw (3)

[0071] In the formulas described above, RN represents the number 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 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.
[0072] Also, RN and DN may be represented by the formulas shown below.

RN=0.178""""xf!/?

DN=(tread+texp)xSxnxed®™

tread=(N/n)/(£x10°xM)

+{(n-1)x(N/n)}/(£x107xM)

d(T)=4.1913x10"°x(273+T)°
~3.8015x1073x(273+T)?

+1.2197x(273+T)-136

in which S represents the area of one pixel (in wm?2), f represents the reading frequency (in megapixel/sec), N represents
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).
[0073] 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 intrinsic fluorescence Kj, which is produced from the cancerous
tissues located at a position 50mm spaced apart from the leading end of the measuring probe section 821 when the
excitation light Le having a wavelength of 410nm is irradiated to the cancerous tissues, be detected with a signal-to-
noise ratio of at least 1. Specifically, as illustrated in Figure 2, it is required that, when the excitation light Le having an
irradiation output of 100mW 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 50mm spaced
apart from the radiating-out point Q, be acquired as an image with a signal-to-noise ratio of at least 1.

[0074] As indicated by a point b1 in the bi-logarithmic graph of Figure 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/mm2). The image of the
intrinsic fluorescence Kj, which is produced from the cancerous tissues when the cancerous tissues are exposed to the
excitation light Le having the power density of 0.004 (mW/mm?2), may be formed on a pixel of the image sensor 25 by
the image forming lens 23 and may be detected for an exposure time of 1/30 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 10um2, 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.

[0075] In order for the setting described above to be generalized even further, in cases where the irradiation output
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P of the excitation light Le is 100mW, 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 minimum 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.

[0076] 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:

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

Therefore, the thus obtained formula is defined as the right-hand side of Formula (1).

[0077] Specifically, the irradiation output P is 100mW, and image detection is performed with front exposure by utilizing
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
number 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.
[0078] How the left-hand side of Formula (1) is defined will be described hereinbelow. In cases where the intrinsic
fluorescence image Zj is detected with front exposure by utilizing the CCD image sensor in the manner described above,
itis 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 satisfying the requirement may be performed in various
manners and may be performed in the manner described below.

[0079] 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
stepwise to be 1/10, 1/30, 1/100, and 1/300 (sec), and the area of one pixel S may be set at various different values
ranging from 1 to 100 (wm?2). 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 Figure 4. (The sum DN+RN will hereinbelow be referred to as the total number of
noise charges DRN.) In Figure 4, the area 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 Figure 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=1/300 (sec) and S=5 (pm?2)
indicated at a point ul, setting values such that DRN=9 (pieces) under the conditions of texp=1/100 (sec) and S=6.5
(wm2) indicated at a point u2, or setting values such that DRN=4 (pieces) under the conditions of texp=1/30 (sec) and
S=2 (nm?2) indicated at a point u3.

[0080] Also, as a different 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), M=1, 2, 4, and 8 (port),S=10 (nm2), andtexp=1/100
(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 Figure 5. In Figure 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 Figure 5, 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 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 (pieces) 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 f=10 (megapixel/sec) indicated at a point v3.

[0081] 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=1/30 (sec). Also,
the area of one pixel S may be varied by 10 (nm?2) stepwise from S=10 (wm?2) to S=100 (n.m2), and the reading frequency
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f may be set at various different values ranging from f=0.1 (megapixel/sec) to f=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 Figure 6, Figure 7, and Figure 8. In Figure 6, Figure 7, and Figure 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 Figure 6, Figure 7, and Figure 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 Figure 6, "Area 3b" in Figure 7, and "Area 3c" in Figure 8. The graph of
Figure 6 is for the cases where T=0 (°C). The graph of Figure 7 is for the cases where T=10 (°C). The graph of Figure
8 is for the cases where T=20 (°C).

[0082] As indicated by "Area 3a" in Figure 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 Figure 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 processed as being
equivalent to one pixel) can be restricted to be smaller than 10 (pieces), becomes narrow. Also, as indicated by "Area
3c" in Figure 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.

[0083] Asdescribed 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.

[0084] 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.

Focusxtanf=D/2 (4)

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 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.

[0085] 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.

[0086] 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.

[0087] A second image acquisition requirement of the fluorescence endoscope is that the intrinsic fluorescence K|,
which is produced from the normal tissues located at a position 5mm spaced apart from the leading end of the measuring
probe section 821 when the excitation light Le having a wavelength of 410nm 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 Figure 2, it is required that, when the excitation light Le having an irradiation output of
100mW 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 5mm 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.

[0088] As indicated by a point al in the bi-logarithmic graph of Figure 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/mm2), 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/mmZ2), may be formed on the image sensor 25 by the image forming lens 23 and may be detected for an exposure

15



10

15

20

25

30

35

40

45

50

55

EP 1101 438 B1

time of 1/30 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 10um2, 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 approx-
imately 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 accu-
mulated at the pixel of the image sensor 25 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.)

[0089] 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.

[0090] 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 determined by utilizing the graphs illustrated in Figures 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.

[0091] 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
temperature 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.

[0092] 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.

[0093] Inthe embodiment ofthe apparatus for acquiring a fluorescence image in accordance with the present invention,
theimage acquisition is performed by setting the imaging apparatus so as to satisfy Formulas (1), (2), and (3). Alternatively,
the image acquisition may be performed by setting the imaging apparatus so as to satisfy only Formula (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.

[0094] 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.

[0095] Embodiments of the fluorescence imaging apparatus in accordance with the present invention will be described
hereinbelow.

[0096] An endoscope system, in which a first embodiment of the fluorescence imaging apparatus in accordance with
the present invention is employed, will be described hereinbelow with reference to Figure 9 and Figure 10. Figure 9 is
a schematic view showing the endoscope system, in which the first embodiment of the fluorescence imaging apparatus
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in accordance with the presentinvention is employed. In the endoscope system, excitation lightis irradiated to a measuring
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
3.67MHz, which is 1/4 times as high as the conventional reading frequency of 14.7MHz. 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.
[0097] 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.

[0098] 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 image fiber 102 is constituted of glass fibers, and a converging 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.
[0099] 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.

[0100] 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 430nm in the vicinity of the wavelength of the excitation light L1, from
fluorescence L2 having passed through the image fiber 102. The imaging unit 120 also comprises a CCD image sensor
123.

[0101] Asillustrated in Figure 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, 15c, and 15d
are provided respectively for the imaging blocks 14a, 14b, 14c, and 14d. The horizontal shift registers 15a, 15b, 15c,
and 15d are connected respectively to output circuits 16a, 16b, 16¢, and 16d. The output circuits 16a, 16b, 16¢, and
16d are connected respectively to output ports 17a, 17b, 17¢, and 17d.

[0102] The image processing unit 130 comprises amplifiers 131a, 131b, 131c, and 131d 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, 132c, and 132d for digitizing the image signals, which have been amplified re-
spectively by the amplifiers 131a, 131b, 131c, and 131d. 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 135 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.

[0103] The control unit 140 comprises a correction control section 141 for controlling the correcting operations for
compensation for variations in image signal output characteristics. 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.

[0104] The CCD image sensor 123 constitutes the imaging means of the fluorescence imaging apparatusin 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 constitutes
the correction value calculating means and the correction value setting means of the fluorescence imaging apparatus
in accordance with the present invention.

[0105] How the endoscope system, in which the first embodiment of the fluorescence imaging apparatus in accordance
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with the present invention is employed, operates will be described hereinbelow.

[0106] 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 410nm is
produced by the GaN type of semiconductor laser 111. The excitation light L1 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.

[0107] When the measuring site 1 is exposed to the excitation light L1, the fluorescence L2 is produced from the
measuring site 1. The fluorescence L2 is converged by the converging lens 104 and impinges upon the leading end of
the image fiber 102. The fluorescence L2 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
430nm in the vicinity of the wavelength of the excitation light L1, is filtered out from the fluorescence L2 by the excitation
light cut-off filter 121, and an image of the fluorescence L2 is formed on the CCD image sensor 123 by a lens 122.
[0108] 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, 14b, 14c, and 14d, are transferred respectively with
predetermined timings into the horizontal shift registers 15a, 15b, 15¢, and 15d and converted by the output circuits 16a,
16b, 16c, and 16d from voltage signals to electric current image signals. The thus obtained image signals are fed out
from the output ports 17a, 17b, 17¢c, and 17d.

[0109] 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, 14c, and 14d, are read with a reading frequency of 3.67MHz
from the output ports 17a, 17b, 17¢c, and 17d and fed into the amplifiers 131a, 131b, 131c, and 131d of the image
processing unit 130.

[0110] The image signals, which have been amplified by the amplifiers 131a, 131b, 131c, and 131d, are digitized
respectively by the analog-to-digital converting circuits 132a, 132b, 132c, and 132d. The thus obtained digital image
signals are stored in the image memory 133.

[0111] The correction control section 141 reads the image signals from the image memory 133 and calculates correction
values for compensation for variations in output characteristics among the four output channels, which extend from the
imaging blocks 14a, 14b, 14c, and 14d of the CCD image sensor 123 to the image memory 133. The correction values
are calculated in the manner described below.

[0112] 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, 14c, 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 14a.

[0113] 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 14c 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 14c 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 14c,
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 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 14d, may
become approximately 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 tone curve correction value for the imaging block 14d, 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 signalintensities
of the image signals, which correspond to the upper end of the imaging block 14c and the upper end of the imaging
block 14d, 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
14c 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.
[0114] The correction control section 141 sets the offset values and the tone curve correction values, which correspond
to the imaging blocks 14b, 14c, and 14d, in the look-up table 134. Also, the image signals, which have been detected

18



10

15

20

25

30

35

40

45

50

55

EP 1101 438 B1

respectively in the imaging blocks 14a, 14b, 14c, and 14d, 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
14a, is transformed in one-to-one relationship in the look-up table 134 and stored in the image memory 135.

[0115] Theimage signal having been fed outfrom 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.

[0116] 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 1/4. Therefore, even if the reading frequency is reduced to a value 1/4 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.
[0117] 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.

[0118] 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.

[0119] Further, each of theimaging blocks 14a, 14b, 14c, and 14d 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.

[0120] An endoscope system, in which a second embodiment of the fluorescence imaging apparatus in accordance
with the presentinvention is employed, will be described hereinbelow with reference to Figure 11. Figure 11 is a schematic
view showing the endoscope system, in which the second embodiment of the fluorescence imaging apparatus in ac-
cordance 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. 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 3.67MHz, which
is 1/4 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.

[0121] In Figure 11, similar elements are numbered with the same reference numerals with respect to Figure 9.
[0122] 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 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 fluorescence.
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 controlling the imaging operations. The endoscope system also comprises
the CRT display device 150 utilized for displaying the fluorescence image, which has been processed by the image
processing unit 200, as a visible image.

[0123] The image processing unit 200 comprises the amplifiers 131a, 131b, 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 132d for digitizing the image signals, which have been amplified
respectively by the amplifiers 131a, 131b, 131c, and 131d. The image processing unit 200 further comprises look-up
tables 201a, 201b, 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 performing 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 201a is a look-up table for performing the signal transform in one-to-one relationship. The look-up
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tables 201b, 201c, and 201d are look-up tables, in which offset values and tone curve correction values are capable of
being set.

[0124] The control unit 210 comprises a correction control section 211 for controlling the correcting operations for
compensation for variations in image signal output characteristics. 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 201b, 201¢, and 201d.

[0125] 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, 201b, 201c, and 201d 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
control 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.

[0126] How the endoscope system, in which the second embodiment of the fluorescence imaging apparatus in ac-
cordance with the present invention is employed, operates will be described hereinbelow.

[0127] In accordance with a control signal fed from the timing control section 212, the excitation light L1 having a
wavelength of 410nm is produced by the GaN type of semiconductor laser 111 and irradiated to the measuring site 1.
[0128] The fluorescence L2, 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.

[0129] 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, 14b, 14c, and 14d, are read with a reading frequency of 3.67MHz from
the output ports 17a, 17b, 17c, and 17d of the CCD image sensor 123 and fed into the amplifiers 131a, 131b, 131c, and
131d of the image processing unit 200.

[0130] The image signals, which have been amplified by the amplifiers 131a, 131b, 131c, and 131d, are digitized
respectively by the analog-to-digital converting circuits 132a, 132b, 132c, and 132d. The thus obtained digital image
signals are subjected to the signal transform in the look-up tables 201a, 201b, 201¢, and 201d. The image signals having
been obtained from the signal transform are stored in the image memory 202. In accordance with correcting operations
having been performed previously, the offset values and the tone curve correction values, which act as the correction
values for compensation for variations in output characteristics, are stored in the look-up tables 201b, 201c, and 201d.
[0131] 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 14a, reflect the ambient temperature. 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 channels. 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.

[0132] 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
correction control section 211 does not perform the re-calculations and the re-setting of the offset values and the tone
curve correction values.

[0133] 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 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.

[0134] 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 Figure 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 characteristics among the output channels are calculated again.
Also, the new offset values and the new tone curve correction values having thus been calculated are set in the look-
up tables 201b, 201c, and 201d. With the imaging operation performed after the correction values have thus been set
again, an image having been corrected with the new correction values is displayed.

[0135] The look-up table 201a is a look-up table for performing the signal transform in one-to-one relationship. In the
second embodiment, the look-up table 201a is provided in order to minimize the variations in output characteristics.
However, the look-up table 201a may be omitted.

[0136] With the second embodiment of the fluorescence imaging apparatus in accordance with the present invention,
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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.

[0137] An endoscope system, in which a third embodiment of the fluorescence imaging apparatus is employed, will
be described hereinbelow with reference to Figure 12. Figure 12 is a schematic view showing the endoscope system,
in which the third embodiment of the fluorescence imaging apparatus 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 3.67MHz, which is 1/4 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 amplification of the image signals and
the compensation for the output characteristics. In Figure 12, similar elements are numbered with the same reference
numerals with respect to Figure 11.

[0138] The endoscope system, in which the third embodiment of the fluorescence imaging apparatus 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 excitation light, which is used for
obtaining a fluorescence image. The endoscope system also comprises the imaging unit 120 for receiving the fluores-
cence, 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 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 controlling 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.
[0139] 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 sensor 123. The image processing unit 300 also comprises the
analog-to-digital converting circuits 132a, 132b, 132c, and 132d for digitizing the image signals, which have been amplified
respectively by the amplifiers 301a, 301b, 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 comprises 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.

[0140] The control unit 310 comprises a correction control section 311 for controlling the correcting operations for
compensation for variations in image signal output characteristics. 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 301b, 301c, and 301d.

[0141] The amplifiers 301a, 301b, 301c, and 301d constitute the amplification means of the fluorescence imaging
apparatus.

[0142] Theimage memory 302 constitutes the composing means of the fluorescence imaging apparatus. The correction
control section 311 constitutes the re-setting judgment means, the correction value calculating means, and the correction
value setting means of the fluorescence imaging apparatus.

[0143] How the endoscope system, in which the third embodiment of the fluorescence imaging apparatus is employed,
operates will be described hereinbelow.

[0144] In accordance with a control signal fed from the timing control section 312, the excitation light L1 having a
wavelength of 410nm is produced by the GaN type of semiconductor laser 111 and irradiated to the measuring site 1.
[0145] The fluorescence L2, 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.

[0146] 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 3.67MHz from
the output ports 17a, 17b, 17c, and 17d of the CCD image sensor 123 and fed into the amplifiers 301a, 301b, 301c, and
301d of the image processing unit 300.

[0147] The image signals, which have been amplified by the amplifiers 301a, 301b, 301c, and 301d, are digitized
respectively by the analog-to-digital converting circuits 132a, 132b, 132c, 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, 301¢, and 301d have been adjusted at the values for compensation
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for variations in output characteristics.

[0148] As in the correction control section 211 illustrated in Figure 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 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 operation 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 converter 136 is utilized for displaying the fluorescence image
2 on the CRT display device 150.

[0149] 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 adjustment values, which act as the correction values, in the manner
described below.

[0150] 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 14a, 14b, 14c, 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 14a.

[0151] 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 14c 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 14c 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 14c, 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 14d, may become approximately
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 14d, 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 14c and the upper end of the imaging block 14d, are compared with each other.
Gain adjustment 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 14c 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.

[0152] The correction control section 311 adjusts the offset values and the gains of the amplifiers 301b, 301c, and
301d by utilizing the offset values and the gain adjustment values, which correspond to the imaging blocks 14b, 14c,
and 14d.

[0153] 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
fluorescence image on the CRT display device 150.

[0154] With the third embodiment of the fluorescence imaging apparatus the same effects as those with the second
embodiment of the fluorescence 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.

[0155] An endoscope system, in which a fourth embodiment of the fluorescence imaging apparatus is employed, will
be described hereinbelow with reference to Figure 13. Figure 13 is a schematic view showing the endoscope system,
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in which the fourth embodiment of the fluorescence imaging apparatus 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 3.67MHz, which is 1/4 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 amplification of the image signals and
the compensation for the output characteristics. Also, the endoscope system is provided 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 corresponding gain adjustment values, which are to be set as the correction values in the amplifiers. In Figure 13,
similar elements are numbered with the same reference numerals with respect to Figure 12.

[0156] The endoscope system, in which the fourth embodiment of the fluorescence imaging apparatus 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 excitation light, which is used for
obtaining a fluorescence image. The endoscope system also comprises the imaging unit 120 for receiving the fluores-
cence, 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 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 system also comprises the CRT display device 150
utilized for displaying the fluorescence image, which has been processed by the image processing unit 300, as a visible
image.

[0157] The control unit 400 comprises a correction control section 401 for controlling the correcting operations for
compensation for variations in image signal output characteristics. 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 14a 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 301b, 301c, and 301d.

[0158] The correction control section 401 read the image signal having been detected by the imaging block 14a 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
operation is performed.

[0159] 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 correction values.

[0160] The amplifiers 301a, 301b, 301c, and 301d constitute the amplification means of the fluorescence imaging
apparatus. The image memory 302 constitutes the composing means of the fluorescence imaging apparatus. The
correction control section 401 constitutes the re-setting judgment means and the correction value setting means of the
fluorescence imaging apparatus. The correction value storing section 402 constitutes the correction value storing means
of the fluorescence imaging apparatus.

[0161] How the endoscope system, in which the fourth embodiment of the fluorescence imaging apparatus is employed,
operates will be described hereinbelow.

[0162] The correction value storing section 402 stores previously the mean values of signal intensities of image signals
having been detected by the imaging block 14a 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
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calculated in the same manner as that in the calculations of the offset values and the gain adjustment values in the third
embodiment of Figure 12.

[0163] 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 amplifiers 301a, 301b, 301c, and 301d of the image
processing unit 300. Thereafter, the excitation light L1 having a wavelength of 410nm is produced by the GaN type of
semiconductor laser 111 and irradiated to the measuring site 1.

[0164] The fluorescence L2, 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.

[0165] 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, 14b, 14c, and 14d, are read with a reading frequency of 3.67MHz from
the output ports 17a, 17b, 17c, and 17d of the CCD image sensor 123 and fed into the amplifiers 301a, 301b, 301c, and
301d of the image processing unit 300.

[0166] Inthe amplifiers 301a, 301b, 301c, and 301d, the image signals are amplified successively. The image signals,
which have been amplified by the amplifiers 301a, 301b, 301c, and 301d, are digitized respectively by the analog-to-
digital converting circuits 132a, 132b, 132c, and 132d. The thus obtained digital image signals are stored successively
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 301d have been adjusted at the values for compensation for variations
in output characteristics.

[0167] The correction control section 401 read the image signal having been detected by the imaging block 14a 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 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 fluores-
cence image 2 on the CRT display device 150.

[0168] 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 301b, 301¢c, 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, 14c, and 14d.
Thereafter, the correction control section 401 erases 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.

[0169] 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
fluorescence image on the CRT display device 150.

[0170] 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 301b, 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 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
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image.

[0171] 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.

[0172] 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 the imaging block 14a 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. 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.

[0173] 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 characteristics 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.

[0174] In the fourth embodiment described above, the mean values of signal intensities of image signals having been
detected by the imaging block 14a 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 signals 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 intensity of the image
signal having been detected at the predetermined pixel or a change in mean value of signal intensities of the image
signals having been detected by the imaging surface 11 may be monitored. In accordance with the results of the mon-
itoring, 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.

[0175] 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 accordance with the present invention, the offset values and the
tone curve correction values may be employed as the correction values.

[0176] The fourth embodiment may be modified in the manner described below. Specifically, instead of the correction
values 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 14a 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 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 14a at that time have been stored in the correction value storing section 402, the corre-
sponding 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, unnecessary correction values need not be stored. Therefore, the storage capacity
of the correction value storing section 402 may be set at a low value.

[0177] An endoscope system, in which a fifth embodiment of the fluorescence imaging apparatus is employed, will
be described hereinbelow with reference to Figure 14. Figure 14 is a schematic view showing the endoscope system,
in which the fifth embodiment of the fluorescence imaging apparatus 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 3.67MHz, which is 1/4 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 amplification of the image signals and
the compensation for the output characteristics. Also, the endoscope system is provided 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-
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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 Figure 14, similar elements are numbered with the same reference
numerals with respect to Figure 12.

[0178] The endoscope system, in which the fifth embodiment of the fluorescence imaging apparatus 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 excitation light, which is used for
obtaining a fluorescence image. The endoscope system also comprises the imaging unit 120 for receiving the fluores-
cence, 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 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 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.
[0179] The control unit 500 comprises a correction control section 501 for controlling the correcting operations for
compensation for variations in image signal output characteristics. 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 500 further comprises a timing control section 503, which is connected to the respective units and
controls the operation timings. The correction control section 501 is connected to the image memory 302 and the
amplifiers 301b, 301¢, and 301d.

[0180] 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
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 operation is performed.
[0181] 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 correction values.

[0182] The amplifiers 301a, 301b, 301c, and 301d constitute the amplification means of the fluorescence imaging
apparatus. The image memory 302 constitutes the composing means of the fluorescence imaging apparatus. The
correction control section 501 constitutes the re-setting judgment means and the correction value setting means of the
fluorescence imaging apparatus. The correction value storing section 502 constitutes the correction value storing means
of the fluorescence imaging apparatus.

[0183] How the endoscope system, in which the fifth embodiment of the fluorescence imaging apparatus is employed,
operates will be described hereinbelow.

[0184] The correction value storing section 502 stores previously the mean values of signal intensities ofimage signals,
which have been detected in the non-exposure region of the imaging block 14a, 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 temper-
atures 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 Figure 12.

[0185] When animaging operation is to be performed, the excitation light L1 having a wavelength of 410nm is produced
by the GaN type of semiconductor laser 111 and irradiated to the measuring site 1.

[0186] The fluorescence L2, 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.

[0187] 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, 14b, 14c, and 14d, are read with a reading frequency of 3.67MHz from
the output ports 17a, 17b, 17c, and 17d of the CCD image sensor 123 and fed into the amplifiers 301a, 301b, 301c, and
301d of the image processing unit 300.

[0188] In the amplifiers 301a, 301b, 301c, and 301d, the image signals are amplified. The image signals, which have
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been amplified by the amplifiers 301a, 301b, 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 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 301d have been adjusted at the values for compensation for variations in output characteristics.
[0189] As in the correction control section 311 of Figure 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
operation 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
converter 136 is utilized for displaying the fluorescence image 2 on the CRT display device 150.

[0190] 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 301b, 301¢, 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, 14c, 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.

[0191] 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
fluorescence image on the CRT display device 150.

[0192] As described above, with the fifth embodiment, the control 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 adjustment 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.

[0193] 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 502. Alternatively, for example, signal intensities ofimage signals,
which have been detected at a predetermined pixel in the non-exposure region, or mean values of signal intensities 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.

[0194] 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 accordance with the present invention, the offset values and the
tone curve correction values may be employed as the correction values.

[0195] The fifth embodiment may be modified in the manner described below. Specifically, instead of the correction
values 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
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imaging block 14a at that time, have been stored in the correction value storing section 502, the corresponding correction
values may be utilized. 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 14a 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 embod-
iment, 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.

[0196] An endoscope system, in which a sixth embodiment of the fluorescence imaging apparatus is employed, will
be described hereinbelow with reference to Figure 15. Figure 15 is a schematic view showing the endoscope system,
in which the sixth embodiment of the fluorescence imaging apparatus 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 3.67MHz, which is 1/4 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 amplification of the image signals and
the compensation for the output characteristics. Also, the endoscope system is provided 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 Figure 14, similar elements are numbered with the same reference numerals with respect to Figure 12.

[0197] The endoscope system, in which the sixth embodiment of the fluorescence imaging apparatus 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 excitation light, which is used for
obtaining a fluorescence image. The endoscope system also comprises an imaging unit 600 for receiving the fluores-
cence, 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 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 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.
[0198] Theimaging unit 600 comprises the excitation light cut-off filter 121 for filtering out light, which has wavelengths
falling within a wavelength region of at most 430nm in the vicinity of the wavelength of the excitation light L1, from the
fluorescence L2 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.

[0199] The control unit 610 comprises a correction control section 611 for controlling the correcting operations for
compensation for variations in image signal output characteristics. The control unit 610 also comprises a correction
value storing section 612 for storing previously the information 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 respective units
and controls the operation timings. The correction control section 611 is connected to the image memory 302 and the
amplifiers 301b, 301c¢, and 301d.

[0200] The correction control section 611 receives information representing the temperature in the vicinity of the CCD
image sensor 123 from the thermistor 601. Also, the correction 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.

[0201] 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
adjustment values having thus been selected are set as the correction values.

[0202] The amplifiers 301a, 301b, 301c, and 301d constitute the amplification means of the fluorescence imaging
apparatus. The image memory 302 constitutes the composing means of the fluorescence imaging apparatus. The
thermistor 601 constitutes the temperature detecting means of the fluorescence imaging apparatus. The correction
control section 611 constitutes the re-setting judgment means and the correction value setting means of the fluorescence
imaging apparatus. The correction value storing section 612 constitutes the correction value storing means of the fluo-
rescence imaging apparatus.
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[0203] How the endoscope system, in which the sixth embodiment of the fluorescence imaging apparatus is employed,
operates will be described hereinbelow.

[0204] 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 thatin the calculations
of the offset values and the gain adjustment values in the third embodiment of Figure 12.

[0205] When animaging operation is to be performed, the excitation light L1 having a wavelength of 410nm is produced
by the GaN type of semiconductor laser 111 and irradiated to the measuring site 1.

[0206] The fluorescence L2, 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 600. The image of the fluorescence L2 is
formed on the CCD image sensor 123.

[0207] 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 14a, 14b, 14c, and 14d, are read with a reading frequency of 3.67MHz from
the output ports 17a, 17b, 17¢, and 17d of the CCD image sensor 123 and fed into the amplifiers 301a, 301b, 301c, and
301d of the image processing unit 300.

[0208] In the amplifiers 301a, 301b, 301c, and 301d, the image signals are amplified. The image signals, which have
been amplified by the amplifiers 301a, 301b, 301c, and 301d, are digitized respectively by the analog-to-digital converting
circuits 132a, 132b, 132c, 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 301d have been adjusted at the values for compensation for variations in output characteristics.
[0209] The correction control section 611 receives the information 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 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, 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 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.

[0210] 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 301b, 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, 14c, and 14d. Further, the temperature having been detected
this time is set as the temperature, which acts as a new reference temperature.

[0211] 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
fluorescence image on the CRT display device 150.

[0212] 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 endoscope 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 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
embodiment 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 characteristics is capable of being simplified.

[0213] 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 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 accordance with the present invention, the offset values and the
tone curve correction values may be employed as the correction values.

[0214] The sixth embodiment may be modified in the manner described below. Specifically, instead of the correction
values 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
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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
temperature has been detected at that time, have been stored in the correction value storing section 612, the corre-
sponding 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 not been stored in the correction
value storing section 612, new correction values may be calculated. With the modification of the sixth embodiment,
during the ordinary 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.

[0215] Inthe aforesaid embodiments of the fluorescence imaging apparatus, 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 four 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 frequency 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 compensation 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.
[0216] 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
technique for adding the signal charges at a plurality of pixels and then reading the sum of the signal charges.

[0217] Further, in the aforesaid embodiments of the fluorescence imaging apparatus, 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 accordance 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 appropriately.

[0218] It has heretofore been known that, in cases where the excitation light having a wavelength falling within an
excitation 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.
Figure 16 shows typical fluorescence spectra of the fluorescence produced from normal tissues and the fluorescence
produced from diseased tissues, which fluorescence 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.

[0219] 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 diseased 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 fluorescence or a distribution of light intensities of the fluorescence
spectrum, is displayed on a monitor. Ordinarily, the proposed systems are provided with fluorescence imaging appara-
tuses for imaging the fluorescence, which is produced from the measuring site in the living body when the excitation
light is irradiated to the measuring site. The embodiments described above are applicable to such fluorescence imaging
apparatuses.

Claims
1. A method of acquiring a fluorescence image, comprising the steps of:

i) detecting intrinsic fluorescence, which has been produced 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
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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, 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 represents 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.

A method of acquiring a fluorescence image, comprising the steps of:

i) detecting intrinsic fluorescence, which has been produced 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 represents 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 capacity.

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
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

in which RN represents the number of electric charges occurring due to reading noise, DN represents the number
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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.

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, 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

(RN4DN)x1000xG<Fw

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, 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.

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.

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.

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.

An apparatus as defined in claim 3 or 4, comprising:

i) irradiation means for irradiating excitation light to a measuring site, the excitation light causing the measuring
site to produce fluorescence, and

i) imaging means comprising said image sensor (25) for detecting the fluorescence, which has been produced
from the measuring site, the imaging 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,
characterized in 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 correction values in accordance with 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
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correction value setting means for setting the correction values in the correction means.

A fluorescence imaging apparatus as defined in Claim 8 wherein the correction means is constituted of signal
transforming means, which stores offset values and tone curve correction values.

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 respective 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 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.

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 calculated 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.

A fluorescence imaging apparatus as defined in Claim 8 wherein the correction means is constituted of amplification
means, in which offset values and gains are capable of being adjusted.

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 respective 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 adjustment values being cal-
culated 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.

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 calculated 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 cal-
culated 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.
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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 presence 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 calculating
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.

An apparatus according to claim 3 or 4, comprising:

i) irradiation means for irradiating excitation light to a measuring site, the excitation light causing the measuring
site to produce fluorescence, and

i) imaging means comprising said image sensor (25) for detecting the fluorescence which has been produced
from the measuring site, the imaging 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,
characterized in 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 storing means for storing correction values for compensation for variations in output charac-
teristics, 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 ofimaging 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.

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.

Afluorescence imaging apparatus as defined in Claim 16 wherein the correction means is constituted of amplification
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.

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 presence 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 judgment
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 correction values in the correction means.
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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 presence 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 judgment
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 correction values in the correction means.

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 calculating means,

the fluorescence imaging apparatus further comprises:

temperature detecting means for detecting the temperature 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 temperature 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 setting
means reads 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, 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.

A fluorescence imaging apparatus as defined in any of Claims 8 to 18 wherein the value of N is at most 64.

A fluorescence imaging apparatus as defined in any of Claims 8 to 18 wherein the value of N is at most 8.

Patentanspriiche

1.

Verfahren zum Erfassen eines Fluoreszenzbilds, umfassend die Schritte:

i) Detektieren von Eigenfluoreszenz, die aus Lebendkérper-Geweben bei Bestrahlung der Lebendkdrper-Ge-
webe mit Anregungslicht erzeugt wird, mit Hilfe eines Bildsensors, wobei das Anregungslicht die Lebendkérper-
Gewebe veranlalt, die Eigenfluoreszenz zu produzieren, und

ii) Auslesen der detektierten Eigenfluoreszenz als ein Bild,

wobei das Bild dadurch erfalt wird, dal® der Bildsensor so eingestellt wird, dal} eine Lesefrequenz, ein Gebiet eines
Pixels, eine Gesamtanzahl von Pixeln, eine Anzahl von Pixeln, die einem Pixel-Binning unterzogen werden, eine
Anzahl von Leseanschlissen, eine Belichtungszeit, ein Quantenwirkungsgrad, ein Elektronenmultiplikationsfaktor
und eine Sensortemperatur des Bildsensors folgende Bedingungsformel erfiillen:

RN+DN<0,22xPxHxG

wobei RN die Anzahl von elektrischen Ladungen ist, die durch Lese-Rauschen auftreten, DN die Anzahl elektrischer
Ladungen ist, die durch Dunkelrauschen, P die Strahlungs-Ausgangsleistung des Anregungslichts (in mW) ist, H
der Quantenvvirkungsgrad des Bildsensors ist und G den Elektronenmultiplikationsfaktor des Bildsensors darstellt.
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Verfahren zum Erfassen eines Fluoreszenzbilds, umfassend folgende Schritte:

i) Detektieren von Eigenfluoreszenz, die aus Lebendkérper-Geweben bei Bestrahlung der Lebendkdrper-Ge-
webe mit Anregungslicht erzeugt wird, mit Hilfe eines Bildsensors, wobei das Anregungslicht die Lebendkérper-
Gewebe veranlalt, die Eigenfluoreszenz zu produzieren, und

ii) Auslesen der detektierten Eigenfluoreszenz als ein Bild,

wobei das Bild dadurch erfal’t wird, dal® der Bildsensor derart eingestellt wird, dal eine Lesefrequenz, ein Gebiet
eines Pixels, eine Gesamtanzahl von Pixeln, eine Anzahl von Pixeln, die einem Pixel-Binning unterzogen werden,
eine Anzahl von Leseanschliissen, eine Belichtungszeit, ein Quantenwirkungsgrad, ein Elektronenmultiplikations-
faktor, eine Sensortemperatur, eine Floating-Diffusion-Kapazitat und eine Full-Well-Kapazitat des Bildsensors fol-
genden Bedingungsformeln entsprechen:

(RN+DN)x1000xG<Fd

(RN+DNJ)x1000xG <Fw

wobei RN die Anzahl von elektrischen Ladungen ist, die durch Lese-Rauschen auftreten, DN die Anzahl elektrischer
Ladungen ist, die durch Dunkelrauschen, G den Elektronenmultiplikationsfaktor des Bildsensors darstellt, Fd die
Anzahl elektrischer Ladungen ist, die der Floating-Diffusion-Kapazitat entsprechen, und Fw die Anzahl elektrischer
Ladungen ist, die der Full-Well-Kapazitat entsprechen.

Vorrichtung zum Erfassen eines Fluoreszenzbilds, umfassend:

i) einen Bildsensor zum Detektieren von Eigenfluoreszenz, die aus Lebendkdrper-Geweben erzeugt wurde,
wenn die Lebendkdrper-Gewebe mit Anregungslicht bestrahlt wurden, welches bewirkt, daf® die Lebendkorper-
Gewebe die Eigenfluoreszenz produzieren, und

ii) eine Ausleseeinrichtung zum Auslesen der detektierten Eigenfluoreszenz als Bild,

wobei der Bildsensor derart eingestellt ist, daR eine Lesefrequenz, ein Gebiet eines Pixels, eine Gesamtanzahl von
Pixeln, eine Anzahl von Pixeln, die einem Pixel-Binning unterzogen werden, eine Anzahl von Leseanschlissen,
eine Belichtungszeit, ein Quantenwirkungsgrad, ein Elektronenmultiplikationsfaktor und eine Sensortemperatur des
Bildsensors folgende Bedingungsformel erfiillen:

RN+DN<0,22xPxHxG

wobei RN die Anzahl von elektrischen Ladungen ist, die durch Lese-Rauschen auftreten, DN die Anzahl elektrischer
Ladungen ist, die durch Dunkelrauschen, P die Strahlungs-Ausgangsleistung des Anregungslichts (in mW) ist, H
der Quantenwirkungsgrad des Bildsensors ist und G den Elektronenmultiplikationsfaktor des Bildsensors darstellt.

Vorrichtung zum Erfassen eines .Fluoreszenzbilds, umfassend:

i) einen Bildsensor zum Detektieren von Eigenfluoreszenz, die aus Lebendkérper-Geweben erzeugt wurde,
wenn die Lebendkdrper-Gewebe mit Anregungslicht bestrahlt wurden, welches bewirkt, daf die Lebendkdrper-
Gewebe die Eigenfluoreszenz produzieren, und

i) eine Ausleseeinrichtung zum Auslesen der detektierten Eigenfluoreszenz als Bild,

wobei der Bildsensor derart eingestellt ist, daR eine Lesefrequenz, ein Gebiet eines Pixels, eine Gesamtanzahl von
Pixeln, eine Anzahl von Pixeln, die einem Pixel-Binning unterzogen werden, eine Anzahl von Leseanschlissen,
eine Belichtungszeit, ein Quantenwirkungsgrad, ein Elektronenmultiplikationsfaktor, eine Sensortemperatur, eine
Floating-Diffusion-Kapazitat und eine Full-Well-Kapazitat des Bildsensors folgenden Bedingungsformeln entspre-
chen:
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(RN+DN)x1000xG<Fd

{(RN+DN)x1000xG <Fw

wobei RN die Anzahl von elektrischen Ladungen ist, die durch Lese-Rauschen auftreten, DN die Anzahl elektrischer
Ladungen ist, die durch Dunkelrauschen, G den Elektronenmultiplikationsfaktor des Bildsensors darstellt, Fd die
Anzahl elektrischer Ladungen ist, die der Floating-Diffusion-Kapazitat entsprechen, und Fw die Anzahl elektrischer
Ladungen ist, die der Full-Well-Kapazitat entsprechen.

Vorrichtung nach Anspruch 3 oder 4, bei der die Lesefrequenz so eingestellt ist, dal sie der Bedingung RN=DN
entspricht.

Vorrichtung nach Anspruch 3 oder 4, bei der der Bildsensor ein CCD-Bildsensor ist.
Vorrichtung nach Anspruch 3 oder 4, bei der der Bildsensor ein Metalloxid-Halbleiter-Bildsensor ist.
Vorrichtung nach Anspruch 3 oder 4, umfassend:

i) eine Bestrahlungseinrichtung zum Aufstrahlen von Anregungslicht auf eine MeRstelle, wobei das Anregungs-
licht die MeRstelle dazu bringt, Fluoreszenz zu erzeugen, und

ii) eine Bildgebungseinrichtung, die den Bildsensor (25) enthalt, um die Fluoreszenz zu detektieren, die von der
MelRstelle erzeugt wurde, wobei die Bildgebungseinrichtung mit einer Bildgebungsflache versehen ist, welche
eine Mehrzahl von in zweidimensionaler Form angeordnete Pixel enthalt,

wobei die Bildgebungseinrichtung mit einer Mehrzahl von Ausgangsanschliissen versehen ist,

dadurch gekennzeichnet, daB die Bildgebungsflache unterteilt ist in N Bildgebungsblécke, wobei N mindestens
2 betragt,

jeder der Ausgangsanschliisse fir einen der N Bildgebungsbldcke vorgesehen ist, und

die Fluoreszenz-Bildgebungsvorrichtung weiterhin aufweist:

eine Zusammensetzungseinrichtung zum Kombinieren von Bildsignalen, die von den Ausgangsanschliissen
ausgegeben wurden, um ein ein Bild reprasentierendes Bildsignal zu bilden,

eine Korrekturwert-Berechnungseinrichtung zum Berechnen von Korrekturwerten entsprechend den Schwan-
kungen der Ausgangscharakteristik unter N Ausgangskanalen, die von den N Bildgebungsblécken zu der Zu-
sammensetzungseinrichtung verlaufen,

eine Korrektureinrichtung zum Durchflhren einer Kompensation der Schwankungen in den Ausgangscharak-
teristika, und

eine Korrekturwert-Einstelleinrichtung zum Einstellen der Korrekturwerte in der Korrektureinrichtung.

Vorrichtung nach Anspruch 8, bei der die Korrektureinrichtung gebildet wird aus einer Signaltransformationseinrich-
tung, die Offset-Werte und Tonkurven-Korrekturwerte enthalt.

Vorrichtung nach Anspruch 9, bei der die Bildgebungsflache der Bildgebungseinrichtung durch eine Bild-Belich-
tungszone und belichtungsfreie Zonen gebildet wird,

jeder der Bildgebungsbldcke eine der belichtungsfreien Zonen enthalt,

die Korrekturwert-Berechnungseinrichtung die Offset-Werte, die als die Korrekturwerte fungieren, aus Bildsignalen
berechnet, die in einem Zustand detektiert wurden, in welchem Licht auf die Bildgebungsflache der Bildgebungs-
einrichtung fallt, und die Uber die zugehdrigen Ausgangskanéle ausgegeben wurden, wobei die Offset-Werte derart
berechnet werden, dal® Signalstarken von Bildsignalen, die in den belichtungsfreien Zonen der Abbildungsblécke
detektiert wurden, annahernd identische Werte annehmen, und

die Korrekturwert-Berechnungseinrichtung die Tonkurven-Korrekturvverte, welche als die Korrekturwerte fungieren,
aus den Bildsignalen berechnet, die in einem Zustand detektiert wurden, in welchem Licht auf die Bildgebungsflache
der Bildgebungseinrichtung fallt, und die lber die zugehérigen Ausgangskanale ausgegeben wurden, wobei die
Tonkurven-Korrekturwerte derart berechnet werden, daf® Signalstarken von Bildsignalen, die an den benachbarten
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Enden der zueinander benachbarten Bildgebungsbltcke detektiert werden, anndhernd identische Werte annehmen.

Vorrichtung nach Anspruch 9, bei der die Korrekturwert-Berechnungseinrichtung die als die Korrekturwerte fungie-
renden Offset-Werte berechnet aus Bildsignalen, die in einem Zustand detektiert werden, in welchem Licht am
Auftreffen auf die Bildgebungsflache der Bildgebungseinrichtung gehindert ist, und die lber die jeweiligen Aus-
gangskanale ausgegeben wurden, wobei die Offset-Werte derart berechnet werden, daf} die Signalstérken von
Bildsignalen, die in den Bildgebungsblécken detektiert wurden, nahezu identische Werte annehmen, und

die Korrekturwert-Berechnungseinrichtung die Tonkurven-Korrekturwerte, welche als die Korrekturwerte fungieren,
aus den Bildsignalen berechnet, die in einem Zustand detektiert wurden, in welchem Licht auf die Bildgebungsflache
der Bildgebungseinrichtung fallt, und die Gber die zugehdrigen Ausgangskanale ausgegeben wurden, wobei die
Tonkurven-Korrekturwerte derart berechnet werden, dak Signalstarken von Bildsignalen, die an den benachbarten
Enden der zueinander benachbarten Bildgebungsbltcke detektiert werden, anndhernd identische Werte annehmen.

Vorrichtung nach Anspruch 8, bei dem die Korrektureinrichtung gebildet wird durch eine Verstarkungseinrichtung,
in welcher Offset-Werte und Verstarkungen einstellbar sind.

Vorrichtung nach Anspruch 12, bei der die Bildgebungsflache der Bildgebungseinrichtung durch eine Bild-Belich-
tungszone und belichtungsfreie Zonen gebildet wird,

jeder der Bildgebungsbldcke eine der belichtungsfreien Zonen enthalt,

die Korrekturwert-Berechnungseinrichtung die Offset-Werte, die als die Korrekturwerte fungieren, aus Bildsignalen
berechnet, die in einem Zustand detektiert wurden, in welchem Licht auf die Bildgebungsflache der Bildgebungs-
einrichtung fallt, und die Uber die zugehdrigen Ausgangskanéle ausgegeben wurden, wobei die Offset-Werte derart
berechnet werden, dal® Signalstarken von Bildsignalen, die in den belichtungsfreien Zonen der Abbildungsblécke
detektiert wurden, annahernd identische Werte annehmen, und

wobei die Korrekturwert-Berechnungseinrichtung die Verstarkungseinstellwerte, die als die Korrekturwerte fungie-
ren, aus den Bildsignalen berechnet, die in einem Zustand detektiert werden, in welchem Licht auf die Bildgebungs-
flache der Bildgebungseinrichtung fallt, und die iber die betreffenden Ausgangskanale ausgegeben wurden, wobei
die Verstarkungseinstellwerte derart berechnet werden, daf} Signalstarken von Bildsignalen, die an den benach-
barten Enden von Bildgebungsblécken, die einander benachbart sind, detektiert wurden, anndhernd identische
Werte annehmen.

Vorrichtung nach Anspruch 12, bei der die Korrekturwert-Berechnungseinrichtung die als die Korrekturwerte fun-
gierenden Offset-Werte berechnet aus Bildsignalen, die in einem Zustand detektiert werden, in welchem Licht am
Auftreffen auf die Bildgebungsflache der Bildgebungseinrichtung gehindert ist, und die lGber die jeweiligen Aus-
gangskandle ausgegeben wurden, wobei die Offset-Werte derart berechnet werden, dal® die Signalstarken von
Bildsignalen, die in den Bildgebungsblécken detektiert wurden, nahezu identische Werte annehmen, und

wobei die Korrekturwert-Berechnungseinrichtung die Verstarkungseinstellwerte, die als die Korrekturwerte fungie-
ren, aus den Bildsignalen berechnet, die in einem Zustand detektiert werden, in welchem Licht auf die Bildgebungs-
flache der Bildgebungseinrichtung fallt, und die Giber die betreffenden Ausgangskanale ausgegeben wurden, wobei
die Verstarkungseinstellwerte derart berechnet werden, dal® Signalstérken von Bildsignalen, die an den benach-
barten Enden von Bildgebungsblécken, die einander benachbart sind, detektiert wurden, anndhernd identische
Werte annehmen.

Vorrichtung nach Anspruch 9, 10, 11, 12, 13 oder 14, bei der die Bildgebungsflache der Bildgebungseinrichtung
durch eine Bildbelichtungszone und belichtungsfreie Zonen gebildet wird,

die Fluoreszenzbildgebungsvorrichtung auRerdem aufweist eine Ruickstell-Beurteilungseinrichtung zum Treffen ei-
ner Beurteilung fiir jeden Abbildungsvorgang sowie dartber, ob ein Riickstellen der Korrekturwerte auszufiihren ist
oder nicht, wobei die Beurteilung nach MaRgabe des Vorhandenseins oder des Fehlens einer Signalstarkenanderung
des Bildsignals erfolgt, welches in einer der belichtungsfreien Zonen detektiert wurde,

die Korrekturwert-Berechnungseinrichtung derart arbeitet, daR in solchen Fallen, in denen von der Rickstell-Beur-
teilungseinrichtung beurteilt wird, daf} ein Zuriicksetzen der Korrekturwerte vorzunehmen ist, die Korrekturwert-
Berechnungseinrichtung neue Korrekturwerte berechnet, und

die Korrekturwert-Einstelleinrichtung die neuen Korrekturwerte, die von der Korrekturwert-Berechnungseinrichtung
berechnet wurden, als die Korrekturwerte in der Korrektureinrichtung einstellt.

Vorrichtung nach Anspruch 3 oder 4, umfassend:

i) eine Bestrahlungseinrichtung zum Aufstrahlen von Anregungslicht auf eine MeRstelle, wobei das Anregungs-
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licht die MeRstelle dazu bringt, Fluoreszenz zu erzeugen, und

ii) eine Bildgebungseinrichtung, die den Bildsensor (25) enthalt, um die Fluoreszenz zu detektieren, die von der
Melstelle erzeugt wurde, wobei die Bildgebungseinrichtung mit einer Bildgebungsflache versehen ist, welche
eine Mehrzahl von in zweidimensionaler Form angeordnete Pixel enthalt,

wobei die Bildgebungseinrichtung mit einer Mehrzahl von Ausgangsanschliissen versehen ist,

dadurch gekennzeichnet, daB die Bildgebungsflache unterteilt ist in N Bildgebungsbldcke, wobei N mindestens
2 betragt,

jeder der Ausgangsanschlisse fir einen der N Bildgebungsbldcke vorgesehen ist, und

die Fluoreszenz-Bildgebungsvorrichtung weiterhin aufweist:

eine Zusammensetzungseinrichtung zum Kombinieren von Bildsignalen, die von den Ausgangsanschliissen
ausgegeben wurden, um ein ein Bild reprasentierendes Bildsignal zu bilden,

eine Korrekturwert-Speichereinrichtung zum Speichern von Korrekturwerten zum Kompensieren von Schwan-
kungen in der Ausgangscharakteristik, wobei die Korrekturwerte berechnet wurden nach MalRgabe der Schwan-
kungen der Ausgangscharakteristika unter den N Ausgangskanélen, die sich von den N Bildgebungsblécken
zu der Zusammensetzungseinrichtung erstrecken,

eine Korrektureinrichtung zum Durchflhren einer Kompensation der Schwankungen in den Ausgangscharak-
teristika, und

eine Korrekturwert-Einstelleinrichtung zum Einstellen der Korrekturwerte in der Korrektureinrichtung.

Vorrichtung nach Anspruch 16, bei der die Korrektureinrichtung durch eine Signaltransformationseinrichtung gebildet
wird, die Offset-Werte und Tonkurven-Korrekturwerte speichert, und

die Korrekturwert-Speichereinrichtung die Offset-Werte und die Tonkurven-Korrekturwerte als die Korrekturwerte
speichert.

Vorrichtung nach Anspruch 16, bei der die Korrektureinrichtung durch eine Verstarkungseinrichtung gebildet wird,
in welcher Offset-Werte und Verstéarkungen einstellbar sind, und

die Korrekturwert-Speichereinrichtung die Offset-Werte und die Verstarkungseinstellwerte als die Korrekturwerte
speichert.

Vorrichtung nach Anspruch 16, 17 oder 18, bei die Korrektunnrert-Speichereinrichtung Signalstarke oder einen
Mittelwert von Signalstarken eines Bildsignals speichert, welches in einem Zustand detektiert wurde, in welchem
Licht am Auftreffen auf die Bildgebungsflache der Bildgebungseinrichtung gehindert wurde, und entsprechende
Korrekturwerte speichert,

wobei die Fluoreszenz-Bildgebungsvorrichtung auflerdem aufweist: eine Rilicksetz-Beurteilungseinrichtung zum
Treffen einer Beurteilung bei jeder Abbildungsoperation dahingehend, ob ein Zuriicksetzen der Korrekturwerte
erfolgen soll oder nicht, wobei die Beurteilung nach MaRgabe des Vorhandenseins oder des Fehlens einer Anderung
in der Signalintensitat oder eines Mittelwerts von Signalintensitaten eines Bildsignals vorgenommen wird, welches
in einem Zustand detektiert wurde, in welchem Licht an einem Auftreffen auf die Bildgebungsflache der Bildge-
bungseinrichtung gehindert wird, und

die Korrekturwert-Einstelleinrichtung derart arbeitet, dald in solchen Fallen, in denen von der Riicksetz-Beurteilungs-
einrichtung beurteilt wurde, daf} das Zurlicksetzen der Korrekturwerte vorgenommen werden soll, die Korrekturvvert-
Einstelleinrichtung diejenigen Korrekturwerte, die der Signalstarke oder dem Mittelwert der Signalstarken des Bild-
signals in Verbindung mit der Beurteilung, daR die Riicksetzung der Korrekturwerte vorzunehmen ist, entsprechen,
aus den in der Korrekturwert-Speichereinrichtung gespeicherten Korrekturwerten liest und die Korrekturwerte, die
auf diese Weise aus der Korrekturwert-Speichereinrichtung ausgelesen wurden, als die Korrekturwerte in der Kor-
rektureinrichtung einstellt.

Vorrichtung nach Anspruch 16, 17 oder 18, bei der die Bildgebungsflache der Bildgebungseinrichtung durch eine
Bildbelichtungszone und belichtungsfreie Zonen gebildet wird,

die Korrekturwert-Speichereinrichtung Signalintensitat oder einen Mittelwert von Signalintensitaten eines Bildsi-
gnals, welches in einer der belichtungsfreien Zonen detektiert wurde, und die entsprechenden Korrekturwerte spei-
chert,

und die Fluoreszenz-Bildgebungsvorrichtung auRerdem aufweist: eine Ricksetz-Beurteilungseinrichtung zum Be-
urteilen bei jeder Abbildungsoperation, ob ein Zuriicksetzen der Korrekturwerte vorzunehmen ist oder nicht, wobei
die Beurteilung nach MaRgabe des Vorhandenseins oder des Fehlens einer Anderung in der Signalintensitét oder
eines Mittelwerts von Signalintensitdten eines Bildsignals erfolgt, welches in einer der belichtungsfreien Zonen
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detektiert wurde, und

die Korrekturwert-Einstelleinrichtung derart arbeitet, daR in solchen Fallen, in denen von der Riicksetz-Beurteilungs-
einrichtung beurteilt wurde, daR das Zuruicksetzen der Korrekturwerte vorgenommen werden soll, die Korrekturwert-
Einstelleinrichtung diejenigen Korrekturwerte, die der Signalstérke oder dem Mittelwert der Signalstarken des Bild-
signals in Verbindung mit der Beurteilung, dal die Riicksetzung der Korrekturwerte vorzunehmen ist, entsprechen,
aus den in der Korrekturwert-Speichereinrichtung gespeicherten Korrekturwerten liest und die Korrekturwerte, die
auf diese Weise aus der Korrekturwert-Speichereinrichtung ausgelesen wurden, als die Korrekturwerte in der Kor-
rektureinrichtung einstellt.

Vorrichtung nach Anspruch 16, 17 oder 18, bei der die Korrekturwert-Speichereinrichtung Information tber eine
Temperatur in der Nahe der Bildgebungseinrichtung und entsprechende Korrekturwerte, die von der Korrekturwert-
Berechnungseinrichtung berechnet wurden, speichert,

wobei die Fluoreszenzbildgebungsvorrichtung aulRerdem aufweist:

eine Temperaturdetektoreinrichtung zum Detektieren der Temperatur in der Nahe der Bildgebungseinrichtung,
und

eine Ricksetz-Beurteilungseinrichtung zum Beurteilen bei jeder Abbildungsoperation, ob ein Zurlicksetzen der
Korrekturwerte erfolgen soll oder nicht, wobei die Beurteilung nach MaRgabe des Vorhandenseins oder des
Fehlens einer Temperaturanderung in der Nahe der Bildgebungseinrichtung erfolgt, und

die Korrekturwert-Einstelleinrichtung derart arbeitet, dald in Fallen, in denen von der Ricksetz-Beurteilungsein-
richtung beurteilt wurde, daf} ein Zuriicksetzen der Korrekturwerte erfolgen soll, die Korrekturwert-Einstellein-
richtung die Korrekturwerte, die der Temperatur in der N&he der Bildgebungseinrichtung in Verbindung mit der
Beurteilung der Riicksetzeinrichtung, dal die Korrekturwerte zurtickgesetzt werden sollen, aus den in der Kor-
rekturwert-Speichereinrichtung gespeicherten Korrekturwerten ausliest und die so aus der Korrekturwert-Spei-
chereinrichtung ausgelesenen Korrekturwerte als die Korrekturwerte in der Korrektureinrichtung einstellt.

22. Vorrichtung nach einem der Anspriiche 8 bis 18, bei der der Wert von N héchstens 64 betragt.

23. Vorrichtung nach einem der Ansprtiche 8 bis 18, bei der der Wert von N héchstens 8 betragt.

Revendications

1.

2.

Procédé d’acquisition d’une image de fluorescence, comprenant les étapes consistant a :

i) détecter une fluorescence intrinséque, qui a été produite a partir de tissus corporels vivants lorsqu’une lumiére
d’excitation est irradiée vers les tissus corporels vivants, avec un capteur d'images, la lumiére d’excitation
provoquant la production de la fluorescence intrinséque par les tissus corporels vivants, et

i) lire la fluorescence intrinséque détectée en tant qu'une image,

dans lequel I'image est acquise en réglant le capteur d’images de telle maniére qu’une fréquence de lecture, une
aire d’un pixel, un nombre total de pixels, un nombre de pixels soumis a un regroupement de pixels, un nombre de
ports de lecture, une durée d’exposition, un rendement quantique, un facteur de multiplication d’électrons, et une
température de capteur du capteur d’'images satisfassent a la formule de condition suivante :

RN + DN <« 0,22 x P x H x G

danslaquelle RN représente le nombre de charges électriques survenant a cause d’un bruit de lecture, DN représente
le nombre de charges électriques survenant a cause d’un bruit d’obscurité, P représente la sortie d'irradiation de
la lumiére d’excitation (en mW), H représente le rendement quantique du capteur d’images et G représente le facteur
de multiplication d’électrons du capteur d’images.

Procédé d’acquisition d’'une image de fluorescence, comprenant les étapes consistant a :

i) détecter une fluorescence intrinséque, qui a été produite a partir de tissus corporels vivants lorsqu’une lumiére
d’excitation est irradiée vers les tissus corporels vivants, avec un capteur d'images, la lumiére d’excitation
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provoquant la production de la fluorescence intrinséque par les tissus corporels vivants, et
ii) lire la fluorescence intrinséque détectée en tant qu'une image,

dans lequel 'image est acquise en réglant le capteur d’'images de telle maniére qu’une fréquence de lecture, une
aire d’un pixel, un nombre total de pixels, un nombre de pixels soumis a un regroupement de pixels, un nombre de
ports de lecture, une durée d’exposition, un rendement quantique, un facteur de multiplication d’électrons, une
température de capteur, une capacité de diffusion flottante et une capacité de remplissage d’un puits du capteur
d’'images satisfassent aux formules de condition suivantes :

(RN + DN) x 1000 x G < Fd

(RN + DN) x 1000 x G < Fw

dans lesquelles RN représente le nombre de charges électriques survenant a cause d’'un bruit de lecture, DN
représente le nombre de charges électriques survenant a cause d’un bruit d’'obscurité, G représente le facteur de
multiplication d’électrons du capteur d’images, Fd représente le nombre de charges électriques correspondant a la
capacité de diffusion flottante et Fw représente le nombre de charges électriques correspondant a la capacité de
remplissage d’un puits.

Appareil destiné a acquérir une image de fluorescence, comprenant :

i) un capteur d'images destiné a détecter une fluorescence intrinséque, qui a été produite a partir de tissus
corporels vivants lorsqu’une lumiére d’excitation est irradiée vers les tissus corporels vivants, la lumiére d’ex-
citation provoquant la production de la fluorescence intrinséque par les tissus corporels vivants, et

ii) un moyen de lecture destiné a lire la fluorescence intrinseque détectée en tant qu’une image,

dans lequel le capteur d'images est réglé de telle manieére qu’une fréquence de lecture, une aire d’un pixel, un
nombre total de pixels, un nombre de pixels soumis a un regroupement de pixels, un nombre de ports de lecture,
une durée d’exposition, un rendement quantique, un facteur de multiplication d’électrons, et une température de
capteur du capteur d’'images satisfassent a la formule de condition suivante :

RN + DN < 0,22 x P x H x G

danslaquelle RN représente le nombre de charges électriques survenant a cause d’un bruit de lecture, DN représente
le nombre de charges électriques survenant a cause d’un bruit d’obscurité, P représente la sortie d’irradiation de
la lumiere d’excitation (en mW), H représente le rendement quantique du capteur d'images et G représente le facteur
de multiplication d’électrons du capteur d'images.

Appareil destiné a acquérir une image de fluorescence comprenant :

i) un capteur d'images destiné a détecter une fluorescence intrinséque, qui a été produite a partir de tissus
corporels vivants lorsqu’une lumiére d’excitation est irradiée vers les tissus corporels vivants, la lumiére d’ex-
citation provoquant la production de la fluorescence intrinséque par les tissus corporels vivants, et

ii) un moyen de lecture destiné a lire la fluorescence intrinseque détectée en tant qu’une image,

dans lequel le capteur d'images est réglé de telle manieére qu’une fréquence de lecture, une aire d’un pixel, un
nombre total de pixels, un nombre de pixels soumis a un regroupement de pixels, un nombre de ports de lecture,
une durée d’exposition, un rendement quantique, un facteur de multiplication d’électrons, une température de cap-
teur, une capacité de diffusion flottante, et une capacité de remplissage d’un puits du capteur d’'images satisfassent
aux formules de conditions suivantes :
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(RN + DN) x 1000 x G < Fd

(RN + DN) x 1000 x G < Fw

dans lesquelles RN représente le nombre de charges électriques survenant a cause d’'un bruit de lecture, DN
représente le nombre de charges électriques survenant a cause d’un bruit d’obscurité, G représente le facteur de
multiplication d’électrons du capteur d’images, Fd représente le nombre de charges électriques correspondant a la
capacité de diffusion flottante et Fw représente le nombre de charges électriques correspondant a la capacité de
remplissage d’un puits.

Appareil destiné a acquérir une image de fluorescence selon la revendication 3 ou 4, dans lequel la fréquence de
lecture est réglée afin de satisfaire a la condition RN=DN.

Appareil destiné a acquérir une image de fluorescence selon la revendication 3 ou 4, dans lequel le capteur d'images
est un capteur d'images de type dispositif a couplage de charges.

Appareil destiné a acquérir une image de fluorescence selon la revendication 3 ou 4, dans lequel le capteur d'images
est un capteur d'images de type métal-oxyde-semi-conducteur.

Appareil selon la revendication 3 ou 4, comprenant :

i) un moyen d'’irradiation destiné a irradier une lumiére d’excitation vers un site de mesure, la lumiére d’excitation
provoquant la production d’'une fluorescence par le site de mesure, et

ii) un moyen de mise en image comprenant ledit capteur d'images (25) destiné a détecter la fluorescence, qui
a été produite a partir du site de mesure, le moyen de mise en image étant prévu avec une surface de mise en
image, qui comprend une pluralité de pixels disposés en réseau sous une forme bidimensionnelle,

dans lequel le moyen de mise en image est prévu avec une pluralité de ports de sortie,

caractérisé en ce que

la surface de mise en image est divisée en un nombre N de blocs de mise en image, ou N est au moins de 2,
chacun parmi les ports de sortie est prévu pour un parmi le nombre N de blocs de mise en image, et
I'appareil de mise en image de fluorescence comprend en outre :

un moyen de composition destiné a combiner des signaux d'images, qui ont été sortis depuis les ports de sortie,
afin de former un signal d'images représentant une image,

un moyen de calcul de valeurs de correction destiné a calculer des valeurs de correction conformément a des
variations de caractéristiques de sortie parmi un nombre N de canaux de sortie, qui s’étendent depuis le nombre
N de blocs de mise en image jusqu’au moyen de composition,

un moyen de correction destiné a effectuer une compensation concernant les variations de caractéristiques de
sortie, et

un moyen de réglage de valeur de correction destiné a régler les valeurs de correction dans le moyen de
correction.

Appareil de mise enimage de fluorescence selon la revendication 8, dans lequel le moyen de correction est constitué
d’'un moyen de transformation de signaux, qui stocke des valeurs de décalage et des valeurs de correction de
courbes d’'un son.

Appareil de mise en image de fluorescence selon la revendication 9, dans lequel la surface de mise en image du
moyen de mise en image est constituée d’'une région d’exposition d'image et de régions de non exposition,
chacun parmi les blocs de mise en image contient une parmi les régions de non exposition,

le moyen de calcul de valeur de correction calcule les valeurs de décalage, qui agissent en tant que les valeurs de
correction, a partir de signaux d'images ayant été détectés dans un état, dans lequel une lumiére frappe la surface
de mise en image du moyen de mise en image, et ayant été sortis au travers des canaux de sortie respectifs, les
valeurs de décalage étant calculées de telle maniére que des intensités de signaux de signaux d’images, qui ont
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été détectés respectivement dans les régions de non exposition des blocs de mise en image, prennent approxima-
tivement des valeurs identiques, et

le moyen de calcul de valeur de correction calcule les valeurs de correction de courbes d’un son, qui agissent en
tant que les valeurs de correction, a partir de signaux d’'images ayant été détectés dans I'état, dans lequel une
lumiére frappe la surface de mise en image du moyen de mise en image, et ayant été sortis au travers des canaux
de sortie respectifs, les valeurs de correction de courbes d’un son étant calculées de telle maniere que des intensités
de signaux de signaux d’'images, qui ont été détectés respectivement au niveau d’extrémités adjacentes des blocs
de mise en image qui sont adjacents entre eux, prennent approximativement des valeurs identiques.

Appareil de mise en image de fluorescence selon la revendication 9, dans lequel le moyen de calcul de valeur de
correction calcule des valeurs de décalage, qui agissent en tant que les valeurs de correction, a partir de signaux
d’'images ayant été détectés dans un état, dans lequel une lumiére n’est pas autorisée a frapper la surface de mise
en image du moyen de mise en image, et ayant été sortis au travers des canaux de sortie respectifs, les valeurs
de décalage étant calculées de telle maniére que des intensités de signaux de signaux d’images, qui ont été détectés
respectivement dans les blocs de mise en image, prennent approximativement des valeurs identiques, et

le moyen de calcul de valeur de correction calcule les valeurs de correction de courbes d’un son, qui agissent en
tant que les valeurs de correction, a partir de signaux d’'images ayant été détectés dans un état, dans lequel une
lumiére frappe la surface de mise en image du moyen de mise en image, et ayant été sortis au travers des canaux
de sortie respectifs, les valeurs de correction de courbes d’un son étant calculées de telle maniére que des intensités
de signaux de signaux d’images, qui ont été détectés respectivement au niveau d’extrémités adjacentes des blocs
de mise en image qui sont adjacents entre eux, prennent approximativement des valeurs identiques.

Appareil de mise enimage de fluorescence selon la revendication 8, dans lequel le moyen de correction est constitué
d’'un moyen d’amplification, dans lequel des valeurs de décalage et des gains peuvent étre ajustés.

Appareil de mise en image de fluorescence selon la revendication 12, dans lequel la surface de mise en image du
moyen de mise en image est constituée d’'une région d’exposition d'image et de région de non exposition,

chacun parmi les blocs de mise en image contient une parmi les régions de non exposition,

le moyen de calcul de valeur de correction calcule les valeurs de décalage, qui agissent en tant que les valeurs de
correction, a partir de signaux d'images ayant été détectés dans un état, dans lequel une lumiére frappe la surface
de mise en image du moyen de mise en image, et ayant été sortis au travers des canaux de sortie respectifs, les
valeurs de décalage étant calculées de telle maniére que des intensités de signaux de signaux d’'images, qui ont
été détectées respectivement dans les régions de non exposition des blocs de mise en image, prennent approxi-
mativement des valeurs identiques, et

le moyen de calcul de valeur de correction calcule des valeurs d’ajustement de gain, qui agissent en tant que les
valeurs de correction, a partir de signaux d’'images ayant été détectés dans I'état, dans lesquels une lumiére frappe
la surface de mise en image du moyen de mise enimage, et ayant été sortis au travers de canaux de sortie respectifs,
les valeurs d’ajustement de gain étant calculées de telle maniére que des intensités de signaux de signaux d’images,
qui ont été détectés respectivement au niveau d’extrémités agencées des blocs de mise en image qui sont adjacents
entre eux, prennent des valeurs approximativement identiques.

Appareil de mise en image de fluorescence selon la revendication 12, dans lequel le moyen de calcul de valeur de
correction calcule les valeurs de décalage qui agissent en tant que les valeurs de correction, a partir de signaux
d’'images ayant été détectés dans un état, dans lequel une lumiére n’est pas autorisée a frapper la surface de mise
en image du moyen de mise en image, et ayant été sortis au travers des canaux de sortie respectifs, les valeurs
de décalage étant calculées de telle maniére que des intensités de signaux de signaux d’images, qui ont été
détectées respectivement dans les blocs de mise en image, prennent approximativement des valeurs identiques, et
le moyen de calcul de valeur de correction calcule les valeurs d’ajustement de gain, qui agissent en tant que les
valeurs de correction, a partir de signaux d’'images ayant été détectés dans un état, dans lequel une lumiére frappe
la surface de mise en image du moyen de mise en image, et ayant été sortis au travers des canaux de sortie
respectifs, les valeurs d’ajustement de gain étant calculées de telle maniére que des intensités de signaux de
signaux d’images, qui ont été détectés respectivement au niveau d’extrémités adjacentes des blocs de mise en
image qui sont adjacents entre eux, prennent approximativement des valeurs identiques.

Appareil de mise en image de fluorescence selon les revendications 9, 10, 11, 12, 13 ou 14, dans lequel la surface
de mise en image du moyen de mise en image est constituée d’'une région d’exposition d'images et de régions de
non exposition,

I'appareil de mise en image de fluorescence comprend en outre un moyen d’évaluation de remise a I'état initial
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destiné a réaliser une évaluation pour chaque opération de mise en image et concernant le fait de savoir si une
remise a I'état initial des valeurs de correction doit étre ou ne doit pas étre effectuée, I'évaluation étant réalisée
conformément a la présence ou I'absence d’un changement d’une intensité de signaux d’un signal d’'images, qui a
été détectée dans une des régions de non exposition,

le moyen de calcul de valeur de correction fonctionne de telle maniére que, dans des cas ou il a été évalué par le
moyen d’évaluation de remise a I'état initial que la remise a I'état initial des valeurs de correction devait étre effectuée,
le moyen de calcul de valeur de correction calcule de nouvelles valeurs de correction, et

le moyen de réglage de valeur de valeurs de correction régle les nouvelles valeurs de correction, qui ont été calculées
par le moyen de calcul de valeur de correction, en tant que les valeurs de correction dans le moyen de correction.

Appareil selon la revendication 3 ou 4, comprenant :

i) un moyen d’irradiation destiné a irradier une lumiére d’excitation vers un site de mesure, la lumiére d’excitation
provoquant la production de fluorescence par le site de mesure, et

ii) un moyen de mise en image comprenant ledit capteur d'images (25) destiné a détecter la fluorescence, qui
a été produite a partir du site de mesure, le moyen de mise en image étant prévu avec une surface de mise en
image, qui comprend une pluralité de pixels disposés en réseau sous une forme bidimensionnelle,

dans lequel le moyen de mise en image est prévu avec une pluralité de ports de sortie,

caractérisé en ce que

la surface de mise en image est divisée en un nombre N de blocs de mise en image, ou N est au moins de 2,
chacun parmi les ports de sortie est prévu pour un parmi le nombre N de blocs de mise en image, et
I'appareil de mise en image de fluorescence comprend en outre :

un moyen de composition destiné a combiner des signaux d'images, qui ont été sortis depuis les ports de sortie,
afin de former un signal d’'images représentant une image,

un moyen de stockage de valeurs de correction destiné a stocker des valeurs de correction pour une compen-
sation pour des variations de caractéristiques de sortie, les valeurs de correction ayant été calculées confor-
mément aux variations de caractéristiques de sortie parmi un nombre N de canaux de sortie, qui s’étendent
depuis le nombre N de blocs de mise en image jusqu’au moyen de composition,

un moyen de correction destiné a effectuer une compensation pour les variations de caractéristiques de sortie, et
un moyen de réglage de valeur de correction destiné a régler les valeurs de correction dans le moyen de
correction.

Appareil de mise en image de fluorescence selon la revendication 16, dans lequel le moyen de correction est
constitué d’'un moyen de transformation de signaux, qui stocke des valeurs de décalage et des valeurs de correction
de courbes d’un son, et

le moyen de stockage de valeur de correction stocke les valeurs de décalage et les valeurs de correction de courbes
de son en tant que les valeurs de correction.

Appareil de mise en image de fluorescence selon la revendication 16, dans lequel le moyen de correction est
constitué d’'un moyen d’amplification, dans lequel des valeurs de décalage et de gain peuvent étre ajustées, et

le moyen de stockage de valeur de correction stocke les valeurs de décalage et les valeurs d’ajustement de gain
en tant que les valeurs de correction.

Appareil de mise en image de fluorescence selon la revendication 16, 17 ou 18, dans lequel le moyen de stockage
de valeur de correction stocke une intensité de signaux ou une valeur moyenne d’intensités de signaux d’un signal
d’images ayant été détecté dans un état, dans lequel une lumiére n’est pas autorisée a frapper la surface de mise
en image du moyen de mise en image, et des valeurs de correction correspondantes,

'appareil de mise en image de fluorescence comprend en outre un moyen d’évaluation de remise a I'état initial
destiné a réaliser une évaluation pour chaque opération de mise en image et concernant le fait de savoir si une
remise a I'état initial des valeurs de correction doit ou ne doit pas étre effectuée, I'évaluation étant réalisée confor-
mément a la présence ou I'absence d’'un changement d’une intensité de signaux ou une valeur moyenne d’intensité
de signaux d’'un signal d'images ayant été détecté dans un état, dans lequel une lumiére n’est pas autorisée a
frapper la surface de mise en image du moyen de mise en image, et

le moyen de réglage de valeur de correction fonctionne de telle maniére que, dans des cas ou il a été évalué par
le moyen d’évaluation de remise a I'état initial que la remise a I'état initial des valeurs de correction doit étre effectuée,
le moyen de réglage de valeur de correction lit les valeurs de correction, qui correspondent a l'intensité de signaux
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ou la valeur moyenne d’intensité de signaux du signal d'images associé a I'évaluation en ce que la remise a I'état
initial des valeurs de correction doit étre effectuée, parmi les valeurs de correction ayant été stockées dans le moyen
de stockage de valeur de correction et regle les valeurs de correction, qui ont ainsi été lues a partir du moyen de
stockage de valeur de correction, en tant que les valeurs de correction dans le moyen de correction.

20. Appareil de mise en image de fluorescence selon la revendication 16, 17 ou 18, dans lequel la surface de mise en

21.

image du moyen de mise en image est constituée d’'une région d’exposition d’images et de régions de non exposition,
le moyen de stockage de valeur de correction stocke une intensité de signaux ou une valeur moyenne d’intensités
de signaux d’un signal d'images, qui ont été détectées dans une des régions de non exposition, et des valeurs de
correction correspondantes,

I'appareil de mise en image de fluorescence comprend en outre un moyen d’évaluation de remise a I'état initial
destiné a réaliser une évaluation pour chaque opération de mise en image et concernant le fait de savoir si une
remise a I'état initial des valeurs de correction doit ou ne doit pas étre effectuée, I'évaluation étant réalisée confor-
mément a la présence ou I'absence d’'un changement d’une intensité de signaux ou une valeur moyenne d’intensités
de signaux d’un signal d'images qui a été détecté dans une des régions de non exposition, et

le moyen de réglage de valeur de correction fonctionne de telle maniére que, dans des cas ou il a été évalué par
le moyen d’évaluation de remise a I'état initial que la remise a I'état initial des valeurs de correction doit étre effectuée,
le moyen de réglage de valeur de correction lise les valeurs de correction, qui correspondent a l'intensité de signaux
ou la valeur moyenne d’intensités de signaux du signal d’'images associé a I'évaluation en ce que la remise a I'état
initial des valeurs de correction doit étre effectuée, parmiles valeurs de correction ayant été stockées dans le moyen
de stockage de valeur de correction et regle les valeurs de correction, qui ont ainsi été lues a partir du moyen de
stockage de valeur de correction, en tant que les valeurs de correction dans le moyen de correction.

Appareil de mise en image de fluorescence selon la revendication 16, 17 ou 18, dans lequel le moyen de stockage
de valeur de correction stocke des informations représentant une température a proximité du moyen de mise en
image et des valeurs de correction correspondantes, qui ont été calculées par le moyen de calcul de valeur de
correction,

I'appareil de mise en image de fluorescence comprend en outre :

un moyen de détection de température destiné a détecter la température a proximité du moyen de mise en
image, et

un moyen d’évaluation de remise a I'état initial destiné a réaliser une évaluation pour chaque opération de mise
en image et concernant le fait de savoir si une remise a I'état initial de valeur de correction doit étre ou ne doit
pas étre effectuée, I'évaluation étant réalisée conformément a la présence ou I'absence d’un changement de
température a proximité du moyen de mise en image, et

le moyen de réglage de valeur de correction fonctionne de telle maniére que, dans des cas ou il a été évalué
par le moyen d’évaluation de remise a I'état initial que la remise a I'état initial des valeurs de correction doit étre
effectuée, le moyen de réglage de valeur de correction lise les valeurs de correction, qui correspondent a la
température a proximité du moyen de mise en image associé a I'évaluation concernant le fait que la remise a
I'état initial des valeurs de correction doit étre effectuée, parmi les valeurs de correction ayant été stockées
dans le moyen de stockage de valeur de correction et régle les valeurs de correction, qui ont ainsi été lues a
partir du moyen de stockage de valeur de correction, en tant que les valeurs de correction dans le moyen de
correction.

22. Appareil de mise en image de fluorescence selon I'une quelconque des revendications 8 a 18, dans lequel la valeur

de N est au maximum de 64.

23. Appareil de mise en image de fluorescence selon I'une quelconque des revendications 8 a 18, dans lequel la valeur

de N est au maximum de 8.
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