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Description
Technical Field

[0001] The presentinvention relates to an endoscope
system for visualizing an object using a solid-state im-
aging device whose sensitivity is controllable.

Background Art

[0002] An endoscope system having a solid-state im-
aging device consists mainly of an endoscope such as
an electronic endoscope, a processor, a light source
unit, and a monitor. In the endoscope system, the inser-
tion unit of the endoscope is inserted into a body cavity,
and illumination light emanating from the light source
unit is irradiated to an object over a light guide lying
through the endoscope. The solid-state imaging device
incorporated in the distal part of the endoscope photo-
electrically converts the light to produce a video signal.
The processor processes the signal and displays an im-
age on the monitor according to the signal.

[0003] Talking of the endoscope system, a field-se-
quential endoscope system like the one disclosed in, for
example, Japanese Unexamined Patent Application
Publication No. 1-221135 is known as a modality ena-
bling observation under ordinary light by utilizing illumi-
nation light of wavelengths falling within the visible spec-
trum. In the endoscope system, as described in Japa-
nese Unexamined Patent Application Publication No.
9-70384, an endoscope designed for fluorescence di-
agnosis is often employed in order to discover an early-
stage carcinoma or the like. Specifically, excitation light
is irradiated to a living tissue, and light stemming from
fluorescence exhibited by the living tissue is observed
in order to discover an early-stage carcinoma or the like.
[0004] An imaging device included in such a fluores-
cence diagnosis endoscope system is requested to offer
so high sensitivity as to enable observation of feeble
light stemming from fluorescence. For this reason, a
pickup tube is often employed. Japanese Unexamined
Patent Application Publication No. 5-252450 has dis-
closed a technology of controlling a drain voltage occur-
ring due to overflow in a solid-state imaging device ac-
cording to an output signal of the solid-state imaging de-
vice. The technology thus enables visualization of a re-
gion whose image cannot be corrected by controlling an
amount of light using an iris diaphragm.

Problems to be Solved by the Invention

[0005] In the foregoing endoscope system, various
types of endoscopes are switched for use according to
aregion to be assessed or a method of assessment. For
example, an endoscope dedicated to examination of the
bronchi is thinner than an endoscope dedicated to ex-
amination of the large intestine.

[0006] The diameter of an endoscope affects the
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number of optical fibers constituting a light guide lying
through the endoscope, and brings about a difference
in the amount of irradiated light. Moreover, an f-number
varies depending on the purpose of use of an endo-
scope. In particular, when an endoscope having a large
f-number set therefor is used to observe an object locat-
ed at a far point, the amount of light is so small that a
view image is dark.

[0007] This causes a range, within which a proper
amount of light necessary for picking up image data is
collected, to greatly vary depending on a type of endo-
scope. On the other hand, as mentioned above, the en-
doscope system is usable not only for observation under
ordinary light but also for observation under special light
such as light stemming from fluorescence intended to
assess a lesion. For the observation under light stem-
ming from fluorescence, very feeble light stemming from
auto-fluorescence must be collected. Therefore, a solid-
state imaging device to be incorporated in the distal part
of an endoscope is requested to offer much higher sen-
sitivity than a solid-state imaging device designed for
observation under ordinary light.

[0008] In general, when the endoscope system is
used to observe an object that makes quick motion or
to produce a still image, the solid-state imaging device
is driven using an electronic shutter. In this case, the
amount of irradiated light is increased in order to opti-
mize an exposure value. However, when an iris dia-
phragm is fully opened in order to adjust the amount of
irradiated light, if the electronic shutter is activated, the
exposure value becomes insufficient. This results in a
dark image. Automatic gain control (AGC) may be uti-
lized to compensate the insufficient exposure value.
However, this poses a problem in that a noise is inten-
sified.

[0009] US 5,749,830, assigned to Olympus Optical
Co., discloses a fluorescent endoscope system having
a light source unit, an endoscope and a fluorescence
camera coupled to the endoscope. The light source unit
provides light from a normal (white) light source or from
alaser beam source to the endoscope via afiber bundle.
A second fiber bundle in the endoscope transmits the
light reflected or fluorescing from an object to the cam-
era in which two CCD imaging devices are arranged. In
the light path to one of the CCDs a light intensifier is
arranged from which the CCD takes the image.

[0010] An object of the present invention is to provide
an endoscope system capable of producing a view im-
age of proper brightness irrespective of a type of endo-
scope. Specifically, the sensitivity of a solid-state imag-
ing device is controlled depending on the type of endo-
scope, that is, the diameter of an insertion unit of an en-
doscope, an f-number set for an endoscope, or whether
an endoscope is designed for observation under ordi-
nary light or observation under special light such as light
stemming from fluorescence.

[0011] Another object of the present invention is to
provide an endoscope system capable of offering a



3 EP 1 099 405 B1 4

proper exposure value by controlling the sensitivity of a
solid-state imaging device according to movement in-
formation concerning the light source, whether an
amount of light supplied from a light source is insufficient
or not.

[0012] Still another object of the present invention is
to provide an endoscope system capable of producing
a view image less affected by a noise by controlling the
sensitivity of a solid-state imaging device according to
the driven state of the solid-state imaging device.
[0013] The invention is defined in claim 1. Particular
embodiments are set out in the dependent claims.

Disclosure of Invention

[0014] The present invention has paid attention to a
technology of multiplying charge through ionization to
improve sensitivity as described in the U.S. Patent No.
5,337,340 entitled "Charge Multiplying Detector (CMD)
Suitable for Small Pixel CCD Image Sensors." Accord-
ing to the technology, an electric field of sufficient
strength is produced, and conduction electrons are col-
lided against atoms in the electric field. The electrons
are thus released from a valence band, and escaped
from an area in which the conduction electrons collide
against the atoms. Owing to the ionization, charge car-
riers are multiplied.

[0015] According to the present invention, there is
provided an endoscope system consisting mainly of an
endoscope, a signal processing unit, a light source unit,
and a sensitivity control means. The endoscope has a
solid-state imaging device whose sensitivity can be var-
ied by applying a plurality of different driving pulses to
change an electron multiplication rate. The signal
processing unit processes a signal output from the solid-
state imaging device. The light source unit irradiates
light to an object so that an objectimage will be projected
on the solid-state imaging device. The sensitivity control
means varies a sensitivity control pulse, applies it to the
solid-state imaging device, and thus controls the elec-
tron multiplication rate for the solid-state imaging de-
vice.

[0016] According to the present invention, there is
provided an endoscope system consisting mainly of an
endoscope, a signal processing unit, a light source unit,
a switching means, and a sensitivity control means. The
endoscope has a solid-state imaging device whose sen-
sitivity can be varied by applying a plurality of different
pulsating driving signals to change an electron multipli-
cation rate. The signal processing unit processes a sig-
nal output from the solid-state imaging device. The light
source unit irradiates white light or special light of a
specified wavelength band to an object with the intensity
of light varied. The switching means switches observa-
tion in an ordinary light mode in which the white light is
irradiated and observation in a special light mode. The
sensitivity control means varies a sensitivity control
pulse, applies it to the solid-state imaging device, and
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controls an electron multiplication rate for the solid-state
imaging device.

[0017] According to the present invention, the sensi-
tivity control means included in the endoscope system
is controlled based on at least one of a designating sig-
nal output from a designating means, an information sig-
nal output from a connected endoscope and represent-
ing a feature of the endoscope, a movement information
signal output from the light source unit, a signal repre-
senting a driving condition for the solid-state imaging de-
vice, and an output signal of the signal processing unit.
[0018] In the endoscope system according to the
presentinvention, the sensitivity can be controlled freely
by adjusting an amplitude of a sensitivity control pulse
(CMDgate pulse) or the number of applications of the
sensitivity control pulse per unit time. Since the sensi-
tivity can be controlled, a high-sensitivity solid-state im-
aging device can be realized without a noise derived
from multiplication and without the necessity of cooling.
This results in an endoscope capable of offering high
image quality and being inserted smoothly.

[0019] In the endoscope system according to the
present invention, the sensitivity control means is in-
cluded in the signal processing unit. The sensitivity of
the solid-state imaging device is determined based on
a type of endoscope or a property of each solid-state
imaging device. Consequently, a view image of proper
brightness can be produced irrespective of the type of
endoscope or the property of each solid-state imaging
device.

Brief Description of the Drawings
[0020]

Fig. 1 to Fig. 6 are concerned with Example 1 of the
present invention;

Fig. 1 is a block diagram showing the overall con-
figuration of an endoscope system;

Fig. 2 is a block diagram showing the configuration
of a signal pre-processing means included in a sig-
nal processing means;

Fig. 3 is a block diagram showing the configurations
of a field-sequential signal synchronizing means
and a signal post-processing means which are in-
cluded in the signal processing means;

Fig. 4 is an explanatory diagram showing various
types of endoscopes employed in the present ex-
ample;

Fig. 5is an explanatory diagram concerning the pur-
poses of use of the endoscopes;

Fig. 6 is an explanatory diagram concerning ac-
tions;

Fig. 7 is a block diagram showing the overall con-
figuration of an endoscope system in accordance
with Example 2 of the present invention;

Fig. 8 is a block diagram showing the overall con-
figuration of an endoscope system in accordance
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with Example 3 of the present invention;

Fig. 9 is a block diagram showing the overall con-
figuration of an endoscope system in accordance
with Example 4 of the present invention;

Fig. 10 is a block diagram showing in detail the con-
figuration of a video signal processing means;

Fig. 11 is a block diagram showing the overall con-
figuration of an endoscope system in accordance
with Example 5 of the present invention;

Fig. 12 is a block diagram showing in detail the con-
figuration of a signal pre-processing means;

Fig. 13 to Fig. 16 are concerned with Example 6 of
the present invention;

Fig. 13 is a block diagram showing the overall con-
figuration of an endoscope system;

Fig. 14 is a block diagram showing in detail the con-
figuration of a signal pre-processing means;

Fig. 15 shows in detail the structure of a CCD;
Fig. 16 is an explanatory diagram indicating an ac-
tion performed with ordinary sensitivity and an ac-
tion performed with electrons multiplied;

Fig. 17 to Fig. 23 are concerned with Example 7 of
the present invention;

Fig. 17 is a block diagram schematically showing
the configuration of an endoscope system;

Fig. 18 is an explanatory diagram showing the ar-
rangement of two filter sets constituting a rotary fil-
ter;

Fig. 19 is a block diagram showing a signal pre-
processing signal included in a signal processing
means;

Fig. 20 is a block diagram showing a field-sequen-
tial synchronizing means and a signal post-
processing means which are included in the signal
processing means;

Fig. 21 is a timing chart indicating the timings of sig-
nals used to drive a CCD;

Fig. 22 is a graph indicating the relationship be-
tween the illuminance on the imaging surface of a
CCD and a signal-to-noise ratio;

Fig. 23 is a graph indicating the relationship be-
tween the illuminance on the imaging surface of the
CCD and an output voltage level;

Fig. 24 to Fig. 27 are concerned with Example 8 of
the present invention;

Fig. 24 shows the structure of a rotary filter;

Fig. 25 is a timing chart indicating the timings of sig-
nals used to drive a CCD in a special light mode;
Fig. 26 is a graph indicating the relationship be-
tween the illuminance on the imaging surface of the
CCD and a signal-to-noise ratio (long exposure);
Fig. 27 is a graph indicating the relationship be-
tween the illuminance on the imaging surface of the
CCD and an output voltage level (long exposure);
Fig. 28 and Fig. 29 are concerned with Example 9
of the present invention;

Fig. 28 is a block diagram schematically showing
an endoscope system; and
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Fig. 29 is a block diagram showing a signal pre-
processing means included in a signal processing
means.

Best Mode for Carrying Out the Invention

[0021] Examples of the present invention will be de-
scribed with reference to the drawings below.

EXAMPLE 1

[0022] Fig. 1 to Fig. 6 are concerned with Example 1
of the present invention. Fig. 1 is a block diagram sche-
matically showing the configuration of an endoscope
system of Example 1. Fig. 2 and Fig. 3 show a signal
pre-processing means included in a signal processing
means. Fig. 4 shows various types of endoscopes em-
ployed in the present example. Fig. 5 describes the pur-
poses of use of the endoscopes and others. Fig. 6 is an
explanatory diagram concerning actions.

[0023] As shown in Fig. 1, an endoscope system 1 of
Example 1 of the present invention consists mainly of
an electronic endoscope (hereinafter, for brevity's sake,
an endoscope) 2, a processor 3, and a monitor 5. A sol-
id-state imaging device is incorporated in the endo-
scope 2. The endoscope 2 is connected to the processor
3 so that it can be disconnected freely, and a signal
processing unit 4 and a field-sequential light source unit
22 are incorporated in the processor 3. The monitor 5 is
connected to the processor 3, and a video signal proc-
essed by the processor 3 is output to the monitor 5.
[0024] The endoscope 2 has an elongated insertion
unit 6 that is inserted into a body cavity. An objective 8
through which an object image is projected is incorpo-
rated in the distal part 7 of the insertion unit 6. A solid-
state imaging device, for example, a charge-coupled de-
vice (hereinafter a CCD) is located on the image plane
of the objective 8. The CCD 9 is connected to a CCD
driving means 11 and a CCD sensitivity control means
12, which are included in the signal processing unit 4
incorporated in the processor 3, over a signal line. Ex-
posure and reading are controlled based in a driving sig-
nal and a sensitivity control signal produced by the CCD
driving means 11 and CCD sensitivity control means 12
respectively.

[0025] Inthe CCD 9, as described in the U.S. Patent
No. 5,337,340 entitled "Charge Multiplying Detector
(CMD) suitable for Small Pixel CCD Image Sensors," an
electric field of sufficient strength is produced, and con-
duction electrons are collided against atoms in the elec-
tric field. The electrons are released from a valence
band and escaped from an area in which the conduction
electrons collide against the atoms. Owing to the ioni-
zation, charge carriers are multiplied, and the sensitivity
of the CCD is improved. Moreover, the sensitivity of the
CCD is freely controllable by adjusting an amplitude of
an external control pulse (CMDgate pulse) and the
number of applications of the control pulse per unit time.
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[0026] Consequently, a high-sensitivity CCD is real-
ized without a noise derived from multiplication per-
formed for improving sensitivity and without the neces-
sity of cooling. The CCD is therefore ideal for realization
of an endoscope offering excellent image quality and
being inserted smoothly. The CCD 9 is connected to a
signal processing means 14 included in the processor
3 via a buffer 13. An object image projected on the im-
aging surface of the CCD 9 through the objective 8 is
converted into an electric signal by the CCD 9, and read
from the CCD 9. The output of the CCD 9 is then fed to
the signal processing means 14.

[0027] A light guide 15 over which illumination light is
propagated lies through the endoscope 2. An illumina-
tion lens 16 is located in front of the distal end of the
light guide 15. lllumination light propagated through the
endoscope 2 over the light guide 15 is irradiated to an
object through the illumination lens 16.

[0028] The signal processing means 14 consists of a
signal pre-processing means 17, a field-sequential sig-
nal synchronizing means 18, and a signal post-process-
ing means 19. The signal pre-processing means 17 per-
forms various kinds of signal processing on an output
signal of the CCD 9. The field-sequential signal synchro-
nizing means 18 synchronizes field-sequential signal
components output from the signal pre-processing
means 17. The signal post-processing means 19 per-
forms various kinds of signal processing on an output
signal of the field sequential signal synchronizing means
18 so that the output signal can be output to the monitor
5. An output signal read from the CCD 9 is converted
into a television signal, and the television signal is output
to the monitor 5.

[0029] The CCD driving means 11, CCD sensitivity
control means 12, and signal processing means 14 are
connected to a (first) control means 21. The control
means 21 extends control.

[0030] The control means 21 is connected to a (sec-
ond) control means 26 for controlling an iris diaphragm
23, a diaphragm control means 24, and an RGB rotary
filter control means 25 which are included in the field-
sequential light source unit 22 for supplying field-se-
quential illumination light rays to the endoscope 2. In-
terlocked with the RGB rotary filter control means 25,
the control means 21 controls the CCD driving means
11 and signal processing means 14.

[0031] Moreover, the field-sequential light source unit
22 includes a lamp 27, a condenser lens 28, and a RGB
rotary filter 29. The lamp 27 generates illumination light.
The condenser lens 28 converges the illumination light
on the rear end of the light guide 15. The RGB rotary
filter 29 is interposed between the lamp 27 and condens-
er lens 28.

[0032] The rotary filter 29 is coupled to the rotation
shaft of a motor 30 so that it can rotate. The rotary filter
29 is controlled by the RGB rotary filter control means
under control of the control means 26 so that it will rotate
at a predetermined rotating speed. Consequently, red,
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green, and blue field-sequential light rays are supplied
to the rear end of the light guide 15.

[0033] The signal processing means 14 has the signal
pre-processing means 17 thereof configured as shown
in, for example, Fig. 2. Field-sequential signal compo-
nents output from the endoscope are input to the signal
pre-processing means 17.

[0034] Inthe signal pre-processing means 17, the out-
put signal of the CCD 9 passes through a CDS circuit
31, alow-pass filter (LPF) 32, and a clamping circuit 33,
and is then digitized by an A/D converter 34. The result-
ant digital signal is isolated from a patient circuit and
transmitted to a secondary circuit by a photocoupler
35a.

[0035] The secondary circuitincludes a white balance
control circuit 36, a tone control circuit 37, and a gamma
correction circuit 38. After subjected to white balance
control, tone control, and gamma correction are carried
out, an expansion circuit 39 performs electronic zoom-
ing to achieve expansion. An output signal of the expan-
sion circuit 39 is input to the field sequential signal syn-
chronizing means 18 via a contour enhancement circuit
40.

[0036] The control means 21 outputs a control signal
used to control the white balance control circuit 36, tone
control circuit 37, expansion circuit 39, and contour en-
hancement circuit 40 which are included in the second-
ary circuit. Moreover, the control means 21 outputs a
control signal, which is used to control the clamping cir-
cuit 33 included in the patient circuit, via a photocoupler
35b serving as an isolating/transmitting means.

[0037] Red, green, and blue field-sequential signal
components output from the signal pre-processing
means 17 are input to synchronizing means 43a, 43b,
and 43c via selector switches 41, 42A, and 42B included
in the field-sequential signal synchronizing means 18
shown in Fig. 3.

[0038] The synchronizing means 43a, 43b, and 43c
each have a memory in which data for at least one field
can be stored. The red, green, and blue field-sequential
signal components that are input in that order are stored
in the memories associated with the respective colors.
The stored field-sequential signal components are read
simultaneously and output as synchronous signal com-
ponents.

[0039] As an example of the synchronizing means
43a, 43b, and 43c, each synchronizing means 43i
(where i denotes a, b, or ¢) shown in Fig. 3 consists of
image memories 44a and 44b in each of which data for
at least two fields can be stored. Herein, writing and
reading of an image signal in and from the image mem-
ories 44a and 44b are alternately switched for the pur-
pose of synchronization.

[0040] Synchronous signal components output from
the synchronizing means 43a, 43b, and 43c are input to
stillimage memories 45a, 45b, and 45c, in each of which
a stillimage signal component is stored, included in the
signal post-processing means 19, and also input to a
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selector 46.

[0041] The synchronous signal components output
from the synchronizing means 43a, 43b, and 43c are
fed as motion picture signal components to the monitor
5 via the selector 46 and a 75-ohm driver 47 installed
as a succeeding stage of the selector 46. The output
terminals of the stillimage memories 45a, 45b, and 45c
are connected to the other input terminals of the selector
46.

[0042] The control means 21 controls writing and
reading of an image signal component in and from the
still image memories 45a, 45b, and 45c. In response to
an external Freeze instruction, the control means 21
controls the still image memories 45a, 45b, and 45¢ so
thatimage signal components to be frozen will be stored
therein. The control means 21 controls the selector 46
so that the selector 46 will select still image signal com-
ponents and feed them to the monitor 5 via the 75-ohm
driver 47 on the succeeding stage. Herein, the selector
46 selects either of the motion picture signal compo-
nents output from the synchronizing means 43a, 43b,
and 43c and the still image signal components output
from the still image memories 45a, 45b, and 45c.
[0043] A ROM 48 in which information inherent to the
endoscope 2 is stored is incorporated in the endoscope
2. Atthe time when the endoscope 2 is connected to the
processor 3, the information is transmitted to the control
means 21 included in the signal processing unit 4 incor-
porated in the processor 3. The sensitivity of the CCD
9 is then controlled. In short, the ROM 48 serves as a
designating means for designating the sensitivity of the
CCDo.

[0044] As shown in Fig. 4, aside from the endoscope
2, various types of endoscopes 2| (where | denotes A,
B, or C) are available for different regions to be observed
or different purposes of use. Specifically, the endoscope
2A has a smaller number of optical fibers constituting
the light guide 15 than the endoscope 2 to thus have a
smaller diameter. The endoscope 2B offers a larger f-
number than the endoscope 2 to thus offer a larger
depth of field. The endoscope 2C has a filter 49, which
transmits only light stemming from fluorescence exhib-
ited by a living body for the purpose of observation under
light stemming from fluorescence, disposed in front of
the CCD 9. The various types of endoscopes 2| can be
connected to the processor 3 so that they can be dis-
connected freely.

[0045] Fig. 5 lists the features of the endoscopes 2
and 2I. Information of the features (for example, infor-
mation representing the number of applications of a sen-
sitivity control pulse $CMD per unit time) is stored in ad-
vance in the ROM 48. The information read from the
ROM 48 incorporated in the endoscope 2 or 2| connect-
ed to the processor 3 is sent to the control means 21.
The control means 21 determines the sensitivity of the
CCD 9 serving as a solid-state imaging device so that
the endoscope 2, 2A, or 2B designed for observation
under ordinary light can offer a proper exposure value.
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[0046] Herein, a sensitivity control value with which
the sensitivity of the CCD 9 is controlled is calculated
on the assumption that the amount of light supplied from
the light source unit 22 to the rear end of the light guide
15 remains constant. The sensitivity control value caus-
es the voltage level of an output signal of the CCD 9 to
remain intact irrespective of the number of optical fibers
constituting the light guide and the f-number set for an
endoscope. When the number of optical fibers consti-
tuting the light guide and the f-number are different, in-
formation representing the different number of optical
fibers and a different f-number is supplied.

[0047] Forexample, when the number of optical fibers
constituting the light guide is small, control is extended
to make the sensitivity of the CCD 9 higher than it is
when the number of optical fibers is large.

[0048] When the endoscope 2C designed for obser-
vation under light stemming from fluorescence is em-
ployed, information representing the fact that the endo-
scope 2C is employed is transmitted in advance. The
sensitivity is set to a predetermined value. Based on the
set value, the control means 21 controls the CCD driving
means 11 and CCD sensitivity control means 12. Fig. 6
shows driving signals and a sensitivity control signal out-
put from the CCD driving means 11 and CCD sensitivity
control means 12 respectively.

[0049] Fig. 6 indicates an exposure period and an in-
terception period (reading period) determined by the
RGB rotary filter. Fig. 6 also indicates the relationship
among a sensitivity control pulse $CMD, a vertical trans-
fer pulse ¢IAG, and a horizontal transfer pulse ¢SR
which are applied to the CCD 9 and an output signal of
the CCD.

[0050] The sensitivity of the CCD 9 may be controlled
by adjusting either the number of applications of the
pulse CMD per unit time or the amplitude thereof. Here-
in, the number of applications of the pulse ¢CMD per
unit time is adjusted in order to attain desired sensitivity.
In this case, the sensitivity control pulse ¢CMD is ap-
plied to the CCD 9 during the interception (reading) pe-
riod succeeding the exposure period in order to improve
the sensitivity of the CCD 9. The vertical transfer pulse
0lAG and horizontal transfer pulse ¢SR are then applied
to the CCD 9 in order to acquire an output signal of the
CCDo.

[0051] For example, the number of applications of the
sensitivity control pulse §CMD per unit time is varied de-
pending on whichever of the endoscopes 2 and 2| is
connected for the purpose of use described in Fig. 5.
Sensitivity of a level required by any of the endoscopes
2 and 2| is thus attained readily.

[0052] Incidentally, for brevity's sake, electrons shall
be multiplied by 1 % with each application of the pulse
oCMD listed in Fig. 5.

[0053] Inthe endoscope 2C designed for observation
under light stemming from fluorescence, the filter 49
having a property of passing light which stems from flu-
orescence exhibited by a living body and of which wave-
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lengths range from 480 nm to 600 nm is disposed in front
of the CCD 9. Only feeble light stemming from fluores-
cence exhibited by a living body excited with a blue field-
sequential light ray (whose wavelengths range from 400
nm to 500 nm) is converted into a video signal by the
CCD 9 whose sensitivity has been raised.

[0054] The synchronizing means 43a, 43b, and 43¢
included in the processor 3 store signal components de-
rived from the blue light ray alone simultaneously in the
memories associated with the three colors. The syn-
chronizing means 43a, 43b, and 43c read the stored
field-sequential signal components simultaneously and
output them as monochrome image signal components.
[0055] The foregoing control is extended by the con-
trol means 21. Signal processing intended to enable ob-
servation under ordinary light and signal processing in-
tended to enable observation under light stemming from
fluorescence are switched based on information read
from the ROM 48 incorporated in any of the endoscopes
2, and 2A to 2C.

[0056] As mentioned above, according to the present
example, the sensitivity of a solid-state imaging device
is controlled based on the type of endoscope connected,
that is, whichever of the endoscopes 2 and 2| is con-
nected. Consequently, the endoscope system 1 can
produce a view image of proper brightness.

[0057] Information read from the ROM 48 may repre-
sent a parameter such as a light distribution curve or an
angle of view or a correction value with which a differ-
ence in brightness from one solid-state imaging device
to another. Needless to say, a set value of the sensitivity
of the CCD 9 may be transmitted to the processor 3.
[0058] According to the present example, the sensi-
tivity of the CCD 9 incorporated in the endoscope 2 or
2lis designated based on information stored in the ROM
48 incorporated therein. In case of an endoscope (for
example, the endoscope 2D) not having the ROM 48,
an input means such as a keyboard (or a sensitivity des-
ignating means) may be connected to the control means
21 incorporated in the signal processing unit 4. In this
case, the input means is used to enter a value of sensi-
tivity permitting the endoscope 2D to produce a proper
view image. The CCD sensitivity control means 12 con-
trols the sensitivity of the CCD 9 incorporated in the en-
doscope 2D under control of the control means 21.
[0059] Instead of entering a value of sensitivity using
the input means, a feature of the endoscope 2D, or more
particularly, the number of optical fibers constituting the
light guide or an f-number listed in Fig. 5 may be entered.
The control means 21 then calculates the required
number of applications of the sensitivity control pulse
®CMD per unit time, and instructs the CCD sensitivity
control means 12 to control the sensitivity of the CCD 9.

EXAMPLE 2

[0060] Fig. 7 shows the configuration of an endo-
scope system 51 in accordance with Example 2 of the
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present invention. The description of components iden-
tical to those shown in Fig. 1 will be omitted.

[0061] In Example 1, the field-sequential light source
unit 22 is incorporated in the processor 3 together with
the signal processing unit 4 including the signal process-
ing means 14. In Example 2, a field-sequential light
source unit 52 is included independently of the signal
processing unit 4.

[0062] In the field-sequential light source unit 52, a
half mirror 53 is disposed in front of the lamp 27. The
half mirror 53 splits light emitted from the lamp 27. Light
reflected from the half mirror 53 is routed to a light level
sensor 54.

[0063] The amount of light emitted from the lamp 27
decreases with an increase in a lamp lighting time. The
light level sensor 54 converts the decrease in the
amount of light into numerical data. The numerical data
is sent to the control means 21 via the control means
26. The control means 21 calculates a set value of the
sensitivity of the CCD 9, which can compensate the de-
crease in the amount of light emitted from the lamp 27,
according to the numerical data, and thus controls the
CCD sensitivity control means 12.

[0064] The diaphragm control means 24 sends infor-
mation to the control means 21 via the control means
26. The information represents whether light can be ad-
justed using the iris diaphragm 23 or whether the iris
diaphragm 23 is fully opened or closed.

[0065] When theiris diaphragm 23 is fully opened, the
control means 21 controls the CCD sensitivity control
means 12 so that the CCD sensitivity control means 12
will raise the set value of the sensitivity of the CCD 9.
When the iris diaphragm 21 is fully closed, the control
means 21 controls the CCD sensitivity control means 12
so that the CCD sensitivity control means 12 will lower
the set value of the sensitivity of the CCD 9. The set
value of sensitivity may be varied stepwise or continu-
ously. The other components are identical to those of
Example 1.

[0066] Example 2 exerts the same operations as Ex-
ample 1. In addition, a means for eliminating the influ-
ence of a change in the amount of light emitted actually
from the lamp 27 by controlling the sensitivity of the CCD
9 using the CCD sensitivity control means 12 is included
in consideration of the time-passing change in the
amount of light emitted from the lamp 27.

[0067] According to Example 2, even if the amount of
light emitted from the lamp 27 incorporated in the light
source unit 52 decreases or light cannot be adjusted us-
ing the iris diaphragm 23, the endoscope system 51 can
produce a view image of proper brightness. This is be-
cause the sensitivity of the CCD 9 serving as a solid-
state imaging device is controlled based on information
sent from the light source unit 52.

EXAMPLE 3

[0068] Fig. 8 shows the configuration of an endo-
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scope system 51' in accordance with Example 3 of the
present invention. The description of components iden-
tical to those shown in Fig. 1 and Fig. 7 will be omitted
below. In Example 3, an LED light source unit 52' shown
in Fig. 8 may be substituted for the field-sequential light
source unit 52 of Example 2 shown in Fig. 7.

[0069] The LED light source unit 52' shown in Fig. 8
includes a red LED 57a, a green LED 57b, a blue LED
57¢, and a condenser lens 28. The red LED 57a, green
LED 57b, and blue LED 57c are connected to an LED
control means 56 and lit sequentially. The condenser
lens 28 converges the illumination light on the rear end
of the light guide 15. Thus, field-sequential light rays are
fed to the rear end of the light guide 15.

[0070] The iris diaphragm 23 is interposed between
the red LED 57a, green LED 57b, and blue LED 57c and
the condenser lens 28, and controlled by the diaphragm
control means 24. The diaphragm control means 24 and
an LED control means 56 are connected to the control
means 26.

[0071] Moreover, the control means 21 incorporated
in the signal processing unit 4 is connected to the control
means 26. The control means 26 instructs the LED con-
trol means 56 to control glowing of the red LED 57a,
green LED 57b, and blue LED 57c incorporated in the
LED light source unit 52' for supplying field-sequential
illumination light rays to the endoscope 2. The control
means 21 controls the CCD driving means 11 and signal
processing means 14 while being interlocked with glow-
ing of the LEDs.

[0072] When the field-sequential light source unit 52
is connected to the endoscope, information indicating
thata xenon lamp is used is sent from the control means
26 incorporated in the light source unit to the control
means 21. When the LED light source unit 52" is con-
nected to the endoscope, information indicating that
LEDs are used is sent from the control means 26 incor-
porated in the light source unit to the control means 21.
When a light source unit, which is not shown, including
a halogen lamp is connected to the endoscope, infor-
mation indicating that the halogen lamp is used is sent
from the control means 26 incorporated in the light
source unit. The control means 21 controls the CCD
sensitivity control means 12 according to the informa-
tion.

[0073] According to Example 3, even if an absolute
value of the amount of emitted light differs between the
light source units 52 and 52', the sensitivity of a solid-
state imaging device is controlled to compensate the dif-
ference in the amount of emitted light according to in-
formation sent from a connected light source unit. This
results in an endoscope system capable of producing a
view image of proper brightness.

EXAMPLE 4

[0074] Fig. 9 shows the configuration of an endo-
scope system 61 in accordance with Example 4 of the
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present invention. Example 4 is a simultaneous endo-
scope system having a color filter 65 placed on the face
of the CCD 9.

[0075] The description of components identical to
those shown in Fig. 1 or Fig. 7 will be omitted. Example
4 consists mainly of a simultaneous endoscope 62, a
light source unit 63, a signal processing unit 64, and a
monitor 5. The light source unit 63 supplies white illumi-
nation light to the endoscope 62. The signal processing
unit 64 (independent of the light source unit 63) drives
the CCD 9 and processes signals. Animage is displayed
on the monitor 5 according to a video signal output from
the signal processing unit 64.

[0076] The simultaneous endoscope 62 has the color
filter 65 placed on the face of the CCD 9 incorporated
in the endoscope 2 included in Example 1.

[0077] The light source unit 63 does not include the
RGB rotary filter 29 intervened in the path of illumination
light in the field-sequential light source unit 22 shown in
Fig. 1. White light emitted from the lamp 27 is converged
by the condenser lens 28 through the iris diaphragm 23,
and supplied to the rear end of the light guide 15. There-
fore, the light source unit 63 includes neither the motor
30 shown in Fig. 1 nor the RGB rotary filter control
means 25 shown therein.

[0078] Moreover, the signal processing unit 64 in Ex-
ample 4 has a signal pre-processing means 66 and a
signal post-processing means 67 included in the signal
processing means 14 unlike the signal processing
means 14 shown in Fig. 1.

[0079] Specifically, the signal processing means 14
consists of the signal pre-processing means 66 for per-
forming various kinds of signal processing on an output
signal read from the CCD 9, and the signal post-
processing means 67 for performing various kinds of
signal processing on an output signal of the signal pre-
processing means 66 so as to output the output signal
to the monitor 5. The output signal read from the CCD
9 is converted into a television signal and output to the
monitor 5.

[0080] The CCD driving means 11, CCD sensitivity
control means 12, and signal processing means 14 are
connected to the control means 21 and controlled by the
control means 21.

[0081] The control means 21 is also connected to the
control means 26 for controlling the iris diaphragm 23,
which is incorporated in the light source unit 63 for sup-
plying white illumination light to the endoscope 62, and
the diaphragm control means 24.

[0082] The signal processing means 14 employed in
Example 4 has, for example, the configuration shown in
Fig. 10. A signal output from the endoscope 62 is fed to
the signal pre-processing means 66.

[0083] In the signal pre-processing means 66, an out-
put signal of the CCD 9 having color signal components
superposed on one another is digitized by the A/D con-
verter 34 after passing through the CDS circuit 31, low-
pass filter 32, and clamping circuit 33. The digital signal
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is isolated from a patient circuit and transmitted to a sec-
ondary circuit by the photocoupler 35a.

[0084] The output signal passing through the photo-
coupler 35ais splitinto aluminance signal Y and chromi-
nance signals R-Y and B-Y by a luminance/chromi-
nance signal separation circuit 68 included in the sec-
ondary circuit. The luminance signal Y and chrominance
signals R-Y and B-Y are converted into red, green, and
blue signals by a matrix circuit 69. The red, green, and
blue signals are subjected to white balance control, tone
control, and gamma correction by means of the white
balance control circuit 36, tone control circuit 37, and
gamma correction circuit 38. Thereafter, the red, green,
and blue signals are subjected to electronic zooming by
the expansion circuit 39. An output of the expansion cir-
cuit 39 is fed to the signal post-processing means 67 via
the contour enhancement circuit 40.

[0085] An output of the contour enhancement circuit
40 is fed to the stillimage memories 45a, 45b, and 45c,
in which still image signal components are stored, in-
cluded in the signal post-processing means 67. The out-
put of the contour enhancement circuit 40 is also input
to the selector 46, and then fed as motion picture signal
components to the monitor 5 via the 75-ohm driver 47
on the succeeding stage.

[0086] The output terminals of the still image memo-
ries 45a, 45b, and 45c¢ are connected to the other input
terminals of the selector 46. The control means 21 con-
trols writing and reading of image signal components in
and from the stillimage memories 45a, 45b, and 45c. In
response to a Freeze instruction entered by an operator,
the control means 21 controls the still image memories
45a, 45b, and 45c so that image signal components to
be frozen will be stored in the memories.

[0087] Moreover, the control means 21 controls the
CCD driving means 11 so that an electronic shutter will
be activated in response to the Freeze instruction. The
control means 21 controls the CCD sensitivity control
means 12 so that the CCD sensitivity control means 12
will raise a set value of the sensitivity of the CCD. The
set value of sensitivity is set to compensate a decrease
in an exposure time determined by the electronic shut-
ter. When the electronic shutter is opened for 1/120 sec,
the sensitivity of the CCD 9 is set to a value that is twice
as large as the one set when the electronic shutter is
opened for a normal exposure time of 1/60 sec.

[0088] As mentioned above, according to the present
example, when the electronic shutter is employed, the
sensitivity of a solid-state imaging device is controlled
based on the driven state of the solid-state imaging de-
vice. This results in an endoscope system capable of
producing a view image of proper brightness.

VARIANT OF EXAMPLE 4
[0089] A variant of Example 4 of the presentinvention

will be described with reference to Fig. 9 showing Ex-
ample 4. The present variant is a simultaneous endo-
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scope system connectable to both an NTSC (60 Hz)
monitor and a PAL (50 Hz) monitor. The signal process-
ing unit 64 uses a switch that is not shown to select a
television system. When the NTSC system is selected,
the control means 21 controls the CCD driving means
11, signal pre-processing means 66, and signal post-
processing means 67 so that an image signal will be
read from the CCD 9 at a rate equivalent to the frequen-
cy of 60 Hz and converted into an NTSC television sig-
nal.

[0090] When the PAL system is selected, the control
means 21 controls the CCD driving means 11, signal
pre-processing means 66, and signal post-processing
means 67 so that an image signal will be read from the
CCD 9 at a rate equivalent to the frequency of 50 Hz
and converted into a PAL television signal. At this time,
when the reading rates are switched, the control means
21 changes the set value of the sensitivity of the CCD
9. The control means 21 controls the CCD sensitivity
control means 12 so that a video signal of the same volt-
age level will be produced between the reading rates
equivalent to the frequencies of 60 Hz and 50 Hz.
[0091] As mentioned above, according to the present
variant, when the reading rate or exposure time is
changed, the sensitivity of a solid-state imaging device
is controlled based on the driven state of the solid-state
imaging device. This results in an endoscope system
capable of producing a view image of proper brightness.

EXAMPLE 5

[0092] Fig. 11 shows the configuration of an endo-
scope system in accordance with Example 5 of the
present invention. The description of components iden-
tical to those shown in Fig. 1 or Fig. 9 will be omitted. In
Example 5, an endoscope system 61' consists mainly
of an endoscope 62, a light source unit 63', a signal
processing unit 64', and the monitor 5.

[0093] In Example 5, the light source unit 63' does not
have, unlike the light source unit 63 included in the en-
doscope system 61 shown in Fig. 9, the iris diaphragm
23, diaphragm control means 24, and control means 26.
lllumination light emitted from the lamp 27 is converged
by the condenser lens 28 and supplied to the rear end
of the light guide 15.

[0094] Specifically, the light source unit 64' has no
light narrowing mechanism. Irradiation light of the same
amount is always fed to the rear end of the light guide 15.
[0095] Moreover, the signal processing unit 64' em-
ployed in the present example has a signal processing
means 14 that includes a signal pre-processing means
66' partly different from the signal pre-processing means
66 included in the signal processing means 14 of the
signal processing unit 64 shown in Fig. 9. Fig. 12 shows
the configuration of the signal pre-processing means
66'".

[0096] The signal pre-processing means 66' shown in
Fig. 12 has, in addition to the same components as



17 EP 1 099 405 B1 18

those of the signal pre-processing means 66 shown in
Fig. 10, an average detection filter circuit 70 to which a
luminance signal Y is input.

[0097] The average detection filter circuit 70 calcu-
lates an average of voltage levels assumed by the lumi-
nance signal Y that is one of the components of an out-
put signal of the CCD 9 provided during one field, and
sends the luminance average to the control means 21.
The control means 21 calculates the set value of the
sensitivity of the CCD 9, which permits production of a
view image of proper brightness, according to the lumi-
nance average, and controls the CCD sensitivity control
means 12.

[0098] As mentioned above, according to the present
example, the sensitivity of a solid-state imaging device
is controlled based on an output signal of the solid-stage
imaging device. Consequently, the endoscope system
61' can produce a view image of proper brightness.
Moreover, the configuration of the light source unit 63'
can be simplified.

EXAMPLE 6

[0099] Fig. 13 shows the configuration of an endo-
scope system in accordance with Example 6 of the
present invention. The description of components iden-
tical to those shown in Fig. 1 will be omitted.

[0100] An endoscope system 71 consists mainly of
the endoscope 2, the field-sequential light source unit
22, avideo processor 73 with a built-in signal processing
unit 74, and the monitor 5.

[0101] According to the present example, information
(data) representing a difference in an electron multipli-
cation rate from one pixel location in the CCD 9 to an-
other is stored in the ROM 48 incorporated in the endo-
scope 2.

[0102] The signal processing unit 74 employed in the
present example includes, in addition to the same com-
ponents as those of the signal processing unit shown in
Fig. 1, a memory means 75, a switch 76, and an arith-
metic means 78. Data read from the ROM 48 is stored
in the memory means 75. The switch 76 is used to freely
designate the sensitivity of the CCD 9. The arithmetic
means 78 performs arithmetic operations to calculate
correction data that compensates the above difference
in the electron multiplication rate. Moreover, the signal
processing means 74 includes a signal pre-processing
means 17' whose configuration is partly different from
the signal pre-processing means 17 shown in Fig. 1. The
correction data calculated by the arithmetic means 78
is sent to the signal pre-processing means 17'. Even
when the sensitivity of the CCD 9 differs from one CCD
to another, the sensitivity can be set to a value desig-
nated using the switch 76.

[0103] Similarly to Example 1, when the endoscope 2
is connected to the processor 73, the information in the
ROM 48 is sent to the memory means 75 incorporated
in the processor 73 and stored therein. Information rep-
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resenting a set value of sensitivity designated using the
switch 76 formed, for example, on the panel of the proc-
essor 73 and used to freely designate the sensitivity of
the CCD 9 is input to the control means 21. The control
means 21 controls the CCD sensitivity control means 12
according to the information.

[0104] In the present example, the number of appli-
cations of a pulse CMD per unit time is adjusted in order
to control the sensitivity. The arithmetic means 78 cal-
culates correction data according to the difference in the
electron multiplication rate from one pixel location to an-
other, which is stored in the memory means 75, and the
number of applications of the pulse $CMD per unit time.
[0105] Assuming that a reference electron multiplica-
tion rate is X, an electron multiplication rate for a certain
pixel location is kX, and the number of applications of
the pulse ¢CMD per unit time is n, the correction data
for data read from the pixel location is expressed as 1/
(kX)*n.

[0106] The output signal read from the CCD 9 is mul-
tiplied by the correction data for each pixel location by
means of a multiplier 79 included in the signal pre-
processing means 17' shown in Fig. 14. Thus, the dif-
ference in the electron multiplication rate from one pixel
location to another is corrected. The resultant signal is
sent to the circuit on the succeeding stage. The signal
pre-processing means 17' shown in Fig. 14 has, in ad-
dition to the same components as those of the signal
pre-processing means 17 shown in Fig. 2, the multiplier
79 interposed between the photocoupler 35a and white
balance control circuit 36.

[0107] Fig. 15 shows the structure of the CCD 9 em-
ployed in the present example. A serial register 81 and
an FDA 82 for converting charge into a voltage are lo-
cated below a light receiving surface 80. Six dummy pix-
el locations 83 are preserved between the serial register
80 and FDA 82.

[0108] Based on a set value designated using the
switch 76, the control means 21 extends control differ-
ently between when the CCD 9 exhibits ordinary sensi-
tivity and when electrons flowing in the CCD are multi-
plied.

[0109] Specifically, when the electrons flowing in the
CCD are not multiplied, that is, when the sensitivity of
the CCD is not raised but ordinary sensitivity, the control
means 21 sends a timing signal to the clamping circuit
33 according to the set value designated using the
switch 76. Based on the timing signal, the clamping cir-
cuit 33 clamps an output signal of the CCD (output signal
of the CDS circuit) composed of signal components read
from OB pixel locations 84 during an OB period shown
in Fig. 16A.

[0110] In contrast, when the electrons flowing in the
CCD are multiplied in order to raise the sensitivity of the
CCD, a dark current flowing in the OB pixel locations 84
is multiplied as shown in Fig. 16B. This affects a speci-
fied voltage to be clamped. For avoiding this incident, a
timing signal representing a different timing of clamping
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is sent to the clamping circuit 33 so that the clamping
circuit will clamp an output signal of the CCD composed
of signal components read from the dummy pixel loca-
tions 83 during a dummy period.

[0111] As mentioned above, according to the present
example, an output signal of a solid-state imaging de-
vice is corrected based on a difference in an electron
multiplication rate from one pixel location in the solid-
state imaging device to another and a set value of the
sensitivity of the solid-state imaging device. This results
in an endoscope capable of producing an excellent view
image.

[0112] Moreover, the output signal of the solid-state
imaging device is processed based on the set value of
the sensitivity of the solid-state imaging device. Conse-
quently, a correct black level of a gray scale is repro-
duced. Eventually, an excellent view image can be pro-
duced.

[0113] The description has been made on the as-
sumption that the endoscope is an electronic endo-
scope having the CCD 9 incorporated in the distal part
of the insertion unit 6. The present invention is not lim-
ited to this type of endoscope. The presentinvention can
be applied to a TV camera-mounted endoscope having
a TV camera, in which a CCD is incorporated, mounted
on an eyepiece unit of an optical endoscope.

[0114] In this case, as described in conjunction with
Example 1, for example, an input means (designating
means) may be used to enter a value of the sensitivity
of the CCD 9 so that the value will be fed to the control
means 21. Alternatively, a feature of a TV camera may
be entered together with a feature (the number of optical
fibers constituting a light guide) of an optical endoscope.
The control means 21 may calculate the number of ap-
plications of a sensitivity control pulse ¢CMD per unit
time required for use of the optical endoscope and TV
camera, and instruct the CCD sensitivity control means
12 to control the sensitivity of the CCD 9.

EXAMPLE 7

[0115] Fig. 17 to Fig. 23 are concerned with Example
7 of the present invention. Fig. 17 is a block diagram
schematically showing the configuration of an endo-
scope system. Fig. 18 is an explanatory diagram sche-
matically showing the arrangement of two filter sets con-
stituting a rotary filter. Fig. 19 is a block diagram showing
a signal pre-processing means included in a signal
processing means. Fig. 20 is a block diagram showing
a field-sequential synchronizing means and a signal
post-processing means included in the signal process-
ing means. Fig. 21 is a timing chart showing the timings
of signals used to drive a CCD. Fig. 22 is a graph show-
ing the relationship between the illuminance of an imag-
ing surface of a CCD and a signal-to-noise ratio. Fig. 23
is a graph showing the relationship between the illumi-
nance of the imaging surface of the CCD and an output
voltage level.
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[0116] AsshowninFig.17,anendoscope system 101
of Example 7 consists mainly of an electronic endo-
scope (hereinafter an endoscope) 102, a processor 103,
and a monitor 105. The endoscope 102 has a solid-state
imaging device incorporated therein. The endoscope
102 is connected to the processor 103 so that it can be
disconnected freely. A signal processing unit 104 and a
field-sequential light source unit 122 are incorporated in
the processor 103. The monitor 105 is connected to the
processor 103. A video signal processed by the proces-
sor 103 is output to the monitor 105.

[0117] The endoscope 102 has an elongated inser-
tion unit 106 that is inserted into a body cavity. An ob-
jective 108 through which object light is projected is in-
corporated in the distal part 107 of the insertion unit 106.
For example, a charge-coupled device (hereinafter a
CCD) 109 that is a solid-state imaging device is used as
an image sensor and located on the image plane of the
objective 108. The CCD 109 is connected to a CCD driv-
ing means 111 and a CCD sensitivity control means 112,
which are included in the signal processing unit 104 in-
corporated in the processor 103, over signal lines. Ex-
posure, multiplication of produced charge carriers, and
reading are performed based on driving signals and a
sensitivity control signal produced by the CCD driving
means 111 and CCD sensitivity control means 112 re-
spectively. The image sensor may be realized with a
CMOS image sensor. A filter 110 for transmitting light of
a certain specific wavelength band is placed on the face
of the CCD 109. The filter 110 has a spectral property
of transmitting light stemming from fluorescence exhib-
ited by a living tissue but cutting off (not transmitting)
excitation light.

[0118] The CCD 109 is realized with a CCD described
in the U.S. Patent No. 5,337,340 entitled "Charge Mul-
tiplying Detector (CMD) Suitable for Small Pixel CCD
Image Sensors." The CCD is characterized in that an
electron multiplication mechanism (that is, a charge
multiplying detection (CMD)) is formed at each pixel lo-
cation or as a preceding stage of a detection amplifier
(as a succeeding stage of a horizontal transfer register).
When an electric field (energy whose level falls within a
band that is approximately 1.5 times larger than an en-
ergy gap) is induced in the electron multiplication mech-
anism (CMD), charge carriers (electrons) collide against
electrons in the valence band of the electron multiplica-
tion mechanism. The electron multiplication mechanism
is thus excited to enter a conduction band. Impact (sec-
ondary) ionization brings about a hole-electron pair. In
other words, when a pulse of certain strength (ampli-
tude) is applied sequentially, impact ionization sequen-
tially brings about a hole-electron pair. Namely, charge
carriers are multiplied to an extent proportional to the
number of applications of the pulse.

[0119] The CCD 109is connected to a signal process-
ing means 114 incorporated in the processor 103 via a
buffer 113 over a CCD cable 120 (signal line). An object
image projected on the imaging surface of the CCD 109
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via the objective 108 and filter 110 is converted into an
electric signal by the CCD 109 and read from the CCD
109. This output signal is fed to the signal processing
means 114.

[0120] Fig. 21 indicates an exposure period and an
interception period (CCD reading period) determined
with a rotary filter 129 to be described later. Fig. 21 also
indicates the relationship among a sensitivity control
pulse $CMD, a vertical transfer pulse ¢|AG, and a hori-
zontal transfer pulse ¢SR that are applied to the CCD
109, and an output signal of the CCD. The charge mul-
tiplying detector (CMD) may be located at each pixel lo-
cation in the CCD 109 or as a preceding stage of a de-
tection amplifier therein. Herein, the CMD shall be locat-
ed at each pixel location. The sensitivity (CMD multipli-
cation rate) of the CCD 109 can be controlled by adjust-
ing either the number of applications of the pulse §CMD
per unit time or the amplitude (voltage level) thereof.
Herein, the number of applications of the pulse $¢CMD
per unit time is adjusted to attain desired sensitivity
(CMD multiplication rate). In this case, the sensitivity
control pulse ¢CMD is applied to the CCD 109 during
the interception period (reading period) succeeding the
exposure period, whereby the sensitivity (CMD multipli-
cation rate) of the CCD 109 is raised. Produced charge
carriers are multiplied. Thereafter, the vertical transfer
pulse ¢|AG and horizontal transfer pulse ¢SR are ap-
plied to the CCD 109. An output signal of the CCD 109
is then acquired. Namely, the number of applications of
the sensitivity control pulse CMD per unit time is varied
in order to enable the CCD 109 to exert desired sensi-
tivity (CMD multiplication rate).

[0121] The endoscope 102 has a light guide 115 over
which illumination light of wavelengths ranging from the
ultraviolet spectrum to the near-infrared spectrum can
be propagated. An illumination lens 116 is located in
front of the distal end of the light guide 115. lllumination
light that may be ordinary light or special light propagat-
ed through the endoscope 102 over the light guide 115
is irradiated to an object through the illumination lens
116. An SLF fiber (product name) or a quartz fiber may
be used to realize the light guide 115.

[0122] The signal processing means 114 consists of
a signal pre-processing means 117, a field-sequential
synchronizing means 118, and a signal post-processing
means 119. The signal pre-processing means 117 per-
forms various kinds of processing on an output signal
read from the CCD 109. The field-sequential synchro-
nizing means 118 synchronizes field-sequential signal
components output from the signal pre-processing
means 117. The signal post-processing means 119 per-
forms various kinds of processing on an output signal of
the field-sequential synchronizing means 118, and out-
puts the signal to the monitor 105. In short, the output
signal read from the CCD 109 is converted into a tele-
vision signal and output to the monitor 105.

[0123] The CCD driving means 111, CCD sensitivity
control means 112, and signal processing means 114
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are connected to a (first) control means 121. The control
means 121 extends control. The control means 121 is
connected to a (second) control means 126 for control-
ling an iris diaphragm 123, a diaphragm control means
124, and an RGB rotary filter control means 125 which
are included in a field-sequential light source unit 122
for routing field-sequential illumination light rays to the
endoscope 102. The control means 121 controls the
CCD driving means 111 and signal processing means
114 while being interlocked with the RGB rotary filter
control means 125.

[0124] The field-sequential light source unit 122 in-
cludes a lamp 127, a condenser lens 128, and an RGB
rotary filter 129. The lamp 127 generates illumination
light of wavelengths falling within a wide band that rang-
es from the ultraviolet spectrum to the infrared spec-
trum. The condenser lens 128 converges the illumina-
tion light on the rear end of the light guide 115. The RGB
rotary filter 129 is interposed between the lamp 127 and
condenser lens 128. A xenon lamp, a halogen lamp, a
metal halide lamp, an LED, or a highpressure mercury
lamp may be used as the lamp 127.

[0125] The rotary filter 129 is attached to the rotation
shaft of a motor 130 so that it can rotate. The rotary filter
129 is controlled to rotate at a specified rotating speed
by the RGB rotary filter control means 125 under control
of the control means 126. Field-sequential light rays of
red, green, and blue are routed to the rear end of the
light guide 115.

[0126] The rotary filter 129 consists of two filter sets
as shown in Fig. 18, that is, a pair of filter sets 133 and
134 formed as an inner circumferential part and outer
circumferential part. The inner circumferential first filter
set 133 consists of three filters that pass light rays R1,
G1, and B1 required for an ordinary light mode (obser-
vation under ordinary light). The outer circumferential
second filter set 134 consists of three filters that pass
light rays R2, G2, and B2 required for a special light
mode (observation under special light). The first filter set
133 and second filter set 134 each have a spectral prop-
erty of transmitting light suitable for each purpose of ob-
servation. The first filter set 133 has filters 133a, 133b,
and 133c, which pass red (R1), green (G1), and blue
(B1) light rays required for the ordinary light mode (ob-
servation under ordinary light), shaped like sectors and
arranged circumferentially discretely. Filters 134a,
134b, and 134c that pass red (R2), green (G2), and blue
(B2) light rays required for the special light mode (ob-
servation under special light) are discretely arranged
outside the filters 133a, 133b, and 133c respectively.
[0127] Portions of the first filer set 133 among the fil-
ters 133a, 133b, and 133c that pass the red (R1), green
(G1), and blue (B1) rays required for the ordinary light
mode (observation under ordinary light) are interceptive
areas. The interceptive areas determine the interception
period (reading period) during which the CCD 109 is
read. The filters 133a, 133b, and 133c and the intercep-
tive areas are arranged nearly equidistantly. The same
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applies to the second filter set 134.

[0128] The filter 134b is realized with an excitation fil-
ter that passes light of wavelengths ranging from the ul-
traviolet spectrum to the blue spectrum and being used
in the special light mode. The light passing through the
filter 134b causes a living tissue to exhibit fluorescence.
The filters 134a (R2) and 134c (B2) are blocked in the
present example, and no light passes through these fil-
ters.

[0129] A rotary filter switching mechanism 131 is dis-
posed on the ray axis of illumination light linking the lamp
127 and light guide 115 in order to select either the inner
circumferential filter set 133 or outer circumferential fil-
ter set 134. In the ordinary light mode, light P1 emanat-
ing from the lamp 127 (indicated with a solid line in Fig.
18) falls on the inner circumferential filter set 133. In the
special light mode, the rotary filter mechanism 131
switches the filter sets by moving the whole rotary filter
129 so that light P2 (indicated with a dot-dash line in Fig.
18) will fall on the outer circumferential filter set 134. The
rotary filter switching mechanism 131 moves the motor
130 and rotary filter 129 relatively to the lamp 127. Al-
ternatively, the lamp 127 may be moved in an opposite
direction.

[0130] The processor 103 is connected to a mode
switching means 135. When it is instructed to switch the
observation modes (ordinary light mode and special
light mode), a rotary filter switching instruction signal is
fed to the rotary filter switching mechanism 131 and con-
trol means 126. When the filter sets of the rotary filter
129 are switched, if the special light mode is selected,
the iris diaphragm 123 is automatically fully closed by
the diaphragm control means 124.

[0131] The rotary filter switching instruction signal is
also fed to the control means 121. The control means
121 controls the signal processing means 114, CCD
driving means 111, and CCD sensitivity control means
112 so that these means will act in a selected mode (or-
dinary light mode or special light mode).

[0132] The signal processing means 114 has the sig-
nal pre-processing means 117 thereof configured as
shown in, for example, Fig. 19. Referring to Fig. 19, an
output signal of the CCD 109 is fed to the signal pre-
processing means 117. In the signal pre-processing
means 117, the output signal of the CCD 109 passes
through a preamplifier 140, a CDS circuit 141, a low-
pass filter 143, a clamping circuit 144, an automatic gain
control (AGC) circuit 145. An A/D converter 146 then
digitizes the signal. The digital signal is isolated from a
patient circuit and transmitted to a secondary circuit by
a photocoupler 147a. The secondary circuit includes a
white balance control circuit 148, a tone control circuit
149, and a gamma correction circuit 150. After white bal-
ance control, tone control, and gamma correction are
carried out, an expansion circuit 151 performs electronic
zooming for the purpose of expansion.

[0133] An output signal of the expansion circuit 151 is
fed to the field-sequential synchronizing means 118 via
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a contour enhancement circuit 152. A photometry
means 142 is connected as a succeeding stage of the
CDS circuit 141. An average of voltage levels assumed
by the output signal of the CCD 109 during one field is
calculated and fed to the control means 121. The control
means 121 outputs a control signal to each of the white
balance control circuit 148, tone control circuit 149, ex-
pansion circuit 151, and contour enhancement circuit
152 which are included in the secondary circuit. More-
over, the control means 121 outputs a control signal,
which is used to control the clamping circuit 144 includ-
ed in the patient circuit, via the photocoupler 147b serv-
ing as an isolation/transmission means.

[0134] The red, green, and blue field-sequential sig-
nal components output from the signal pre-processing
means 117 are fed to synchronizing means 163a, 163b,
and 163c via selector switches 160, 162A, and 162B in-
cluded in the field-sequential signal synchronizing
means 118 shown in Fig. 20. The synchronizing means
163a, 163b, and 163c each have a memory in which
data for at least one field can be stored. The red, green,
and blue field-sequential signal components that are fed
in that order are stored in the memories associated with
the colors. The stored field-sequential signal compo-
nents are read simultaneously, and output as synchro-
nized signal components.

[0135] Fig. 20 shows synchronizing means 163l
(where | denotes a, b, or c) as an example of the syn-
chronizing means 163a, 163b, and 163c. The synchro-
nizing means 163l is each realized with a means com-
posed of image memories 164a and 164b in which data
for at least two fields can be stored. The synchronizing
means 163a is associated with a video signal compo-
nent acquired with light passing through the filter 133a
or 134a of the rotary filter 129. Likewise, the synchro-
nizing means 163b is associated with a video signal
component acquired with light passing through the filter
133b or 134b of the rotary filter 129. The synchronizing
means 163c is associated with a video signal compo-
nent acquired with light passing through the filter 133c
or 134c of the rotary filter 129.

[0136] Writing and reading of an image signal compo-
nent in and from the image memories 164a and 164b
are switched alternately, whereby signal components
are synchronized. Synchronized signal components
output from the synchronizing means 163a, 163b, and
163c are fed to still image memories 165a, 165b, and
165c, in which stillimage signal components are stored,
included in the signal post-processing means 119, and
also fed to a selector 166. The synchronized signal com-
ponents output from the synchronizing means 163a,
163b, and 163c pass through the selector 166, and are
fed as motion picture signal components to the monitor
105 via a 75-ohm driver 167 disposed as a succeeding
stage of the selector 166. The other input terminals of
the selector 166 are connected to the stillimage mem-
ories 165a, 165b, and 165c.

[0137] The control means 121 controls writing and
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reading of an image signal component in and from the
stillimage memories 165a, 165b, and 165c. In response
to an external Freeze instruction, the control means 121
extends control so that image signal components to be
frozen will be stored in the still image memories 165a,
165b, and 165c respectively. Moreover, the control
means 121 controls the selector 166 so that the selector
will feed stillimage signal components, which are output
from the stillimage memories 165a, 165b, and 165c, to
the monitor 105 via the 75-ohm driver 167 on the suc-
ceeding stage of the selector. Herein, the selector 166
selects either of the still image signal components and
the motion picture signal components output from the
synchronizing means 163a, 163b, and 163c.

[0138] AROM170inwhichinformationinherentto the
endoscope 102 is stored is incorporated in the endo-
scope 102. When the endoscope 102 is connected to
the processor 103, the information is transmitted to the
control means 121 included in the signal processing unit
104 incorporated in the processor 103. The sensitivity
(CMD multiplication rate) of the CCD 109 is then con-
trolled. In short, the ROM 170 serves as a designating
means for designating the sensitivity of the CCD 109.

(Operations)

[0139] Operations to be exerted in the ordinary light
mode and special light mode will be described below.
[0140] To begin with, assume that the ordinary light
mode (observation under ordinary light) is designated.
In this case, the first filter set 133 of the rotary filter 129
is placed on the path of illumination light. The CMD mul-
tiplication rate for the CCD 109 is set to a fixed value.
The setvalue (fixed value) of the CMD multiplication rate
for the CCD 109 predefined for the ordinary light mode
is transmitted from the ROM 170 to the processor 103
when the endoscope 102 is connected to the processor
103.

[0141] The CCD sensitivity control means 112 re-
ceives the set (fixed) value of the CMD multiplication
rate for the CCD 109, which is transmitted from the ROM
170, via the control means 121. The CCD sensitivity
control means 112 calculates the number of applications
of a pulse per unit time associated with the set (fixed)
value of the CMD multiplication rate predefined for the
ordinary light mode. The CCD sensitivity control means
112 then outputs the calculated number of applications
of the pulse per unit time to the CCD 109 during an ex-
posure period or an interception (reading) period during
which the CCD 109 receives light or is read.

[0142] An input means (or designating means) such
as a keyboard may be connected to the control means
121 included in the signal processing unit 104. A user
may manually enter any value as the CMD multiplication
rate at the input means. In this case, the CCD sensitivity
control means 112 sets the CMD multiplication rate for
the CCD 109 to the user-entered value under control of
the control means 121. The same applies to the special
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light mode.

[0143] lllumination light emitted from the lamp 127
passes through the first filter set 133. Red, green, and
blue field-sequential illumination light rays are succes-
sively irradiated to a living tissue. Reflected rays of the
red, green, and blue rays are projected on the CCD 109,
and red, green, and blue image signal components (vid-
eo signal components) are input to the signal processing
means 114. Consequently, a view image produced with
ordinary light is displayed on the monitor 105.

[0144] The photometry means 142 calculates an av-
erage of voltage levels assumed by an output signal of
the CCD 109 during one field, and outputs the average
to the control means 121. The control means 121 out-
puts the average to the second control means 126. A
diaphragm control command is output based on the av-
erage, whereby the iris diaphragm 123 is opened or
closed. If an object is too bright relative to a predefined
reference brightness level, the output signal of the CCD
109 assumes a high voltage level. Consequently, the iris
diaphragm 123 is closed (the intensity of light routed to
the rear end of the light guide decreases). In contrast,
if the object is dark, the output signal of the CCD 109
assumes a low voltage level. Consequently, the iris di-
aphragm 123 is opened (the intensity of light routed to
the rear end of the light guide increases). Thus, the in-
tensity of light irradiated to a living tissue is varied (au-
tomatic light adjustment).

[0145] When an input means (or designating means)
such as a keyboard is connected to the control means
121 included in the signal processing unit 104, a user
can set the brightness (reference value) of an image dis-
played on the monitor 105 to any level at the input
means. The automatic gain control circuit 145 can elec-
trically amplify the output signal of the CCD 109 so that
the brightness of an image displayed on the monitor 105
will be set to the designated level. When an object is too
dark, even if the automatic light adjustment is per-
formed, the brightness of an image displayed on the
monitor 105 may not reach the designated level. In this
case, the output signal of the CCD 109 is electrically am-
plified (automatic gain control).

[0146] The intensity of reflected light of (red, green,
and blue) field-sequential light rays irradiated to a living
tissue (alimentary canal or bronchus) falls within a do-
main larger than 1 lux in the graphs of Fig. 22 and Fig.
23. As seen from Fig. 22 and Fig. 23, when the CMD
multiplication rate for the CCD 109 is set to a larger val-
ue, a signal-to-noise ratio and an output voltage level
are higher than those attained when electrons flowing
in each CMD in the CCD 109 are not multiplied.
[0147] Assume that the ordinary light mode (observa-
tion under ordinary light) is designated. In this case,
even if the brightness of an object (living tissue), or in
other words, the intensity of light reflected from an object
varies, a view image of proper brightness whose level
is designated by a user is always displayed on the mon-
itor 105. This is attributable to the automatic light adjust-
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ment and automatic gain control. Moreover, when the
CMD multiplication rate for the CMD 109 is raised, the
signal-to-noise ratio improves. Namely, in the ordinary
light mode (observation under ordinary light), a view im-
age of proper brightness can be produced without im-
pairment of image quality owing to the automatic light
adjustment. If the automatic light adjustment fails to pro-
vide sufficient brightness, the automatic gain control is
activated.

[0148] In contrast, assume that the special light mode
(observation under special light) is designated. In this
case, a user manipulates, for example, a mode selection
switch included in the mode switching means 135. The
rotary filter switching mechanism 131 is thus activated
to place the second filter set 134 of the rotary filter 129
on the path of illumination light. At this time, the iris di-
aphragm 123 is fully opened. Consequently, the most
intense excitation light falls on the rear end of the light
guide 115. The sensitivity of the CCD 109, that is, the
CMD multiplication rate for the CCD 109 is set to a fixed
value predefined for the special light mode. The set val-
ue (fixed value) of the CMD multiplication rate for the
CCD 109 is a value transmitted from the ROM 170 and
is larger than that predefined for the ordinary light mode
(observation under ordinary light).

[0149] The CCD sensitivity control means 112 re-
ceives the set (fixed) value of the CMD multiplication
rate for the CCD 109 from the ROM 170 via the control
means 121. The CCD sensitivity control means then cal-
culates the number of applications of a pulse associated
with the set (fixed) value of the CMD multiplication rate
predefined for the special light mode. The CCD sensi-
tivity control means outputs the calculated number of
applications of the pulse to the CCD 109 during an ex-
posure or interception (reading) period during which the
CCD 109 receives light or is read.

[0150] Excitation light (of wavelengths ranging from
the ultraviolet spectrum to the blue spectrum in the
present example) emitted from the lamp 127 passes
through the second filter set 134. In the present exam-
ple, only excitation light passing through the filter 134b
(G2) is irradiated intermittently to a living tissue. In the
present example, the filters 134a (R2) and 134c (B2)
are blocked. No light therefore passes through the filters
134a (R2) and 134c (B2).

[0151] Light reflected from a living tissue to which ex-
citation light is irradiated, and light stemming from fluo-
rescence exhibited by (for example, NADH or flavin con-
tained in) the living tissue excited by the excitation light
falls on the objective 108. The filer 110 cuts off the re-
flected light of the excitation light. The light stemming
from fluorescence enters the CCD 109. An image signal
picked up from the light stemming fluorescence by the
CCD 109 s fed to the signal processing means 114. The
signal processing means 114 processes the image sig-
nal derived from the light passing through the filter 134b
(G2), and outputs the resultant signal to the monitor 105.
[0152] The automatic gain control circuit 145 electri-
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cally amplifies the output signal of the CCD 109 to a set
voltage level. Specifically, assume that an object is so
dark that the output signal of the CCD 109 is still lower
than the set voltage level despite multiplication of elec-
trons flowing in each CMD in the CCD 109. In this case,
the output signal is electrically amplified in order to in-
crease the magnitude of the output signal (automatic
gain control). Consequently, a view image of proper
brightness produced with special light can always be
displayed on the monitor 105. Incidentally, when an in-
put means (or designating means) such as a keyboard
is connected to the control means 121 included in the
signal processing unit 104, a user can set the brightness
(aforesaid reference level) of an image displayed on the
monitor 105 to any level at the input means.

[0153] Now, a description will be made of a signal-to-
noise ratio relative to a signal representing a view image
(in the present example, an image produced with light
stemming from fluorescence) displayed on the monitor
105, and the brightness of the view image. The signal-
to-noise ratio and brightness are attained with the CMD
multiplication rate for the CCD 109 raised (set to be 3
or 10) (see Fig. 22 and Fig. 23).

[0154] The signal-to-noise ratio reflects how well a
dark object can be visualized or with what image quality
the dark object can be visualized. Especially when an
image signal is picked up from feeble light such as light
stemming from fluorescence, the signal-to-noise ratio
relative to the image signal is a very important parame-
ter. Moreover, the output voltage level of the image sig-
nal reflects the brightness of an image displayed on a
monitor, and is therefore a very important parameter,
too. When a solid-state imaging device employed is a
typical CCD (without a multiplication mechanism), the
signal-to-noise ratio relative to a signal representing a
view image to be display on the monitor 105 and the
brightness of the view image substantially correspond
to those attained when the CMD multiplication rate for
the CCD 109 is set to 1 (electrons flowing in each CMD
in the CCD 109 are not multiplied).

[0155] When light of wavelengths ranging from the ul-
traviolet spectrum to the blue spectrum is irradiated to
a living tissue (alimentary canal or bronchus), light
stems from fluorescence exhibited by NADH, flavin, or
collagen contained in the living tissue. However, the in-
tensity of the light stemming from fluorescence is very
low (falls within a domain smaller than 1 lux in the graphs
of Fig. 22 anf Fig. 23). Itis hard for a typical CCD to pick
up an image signal from such light. As seen from Fig.
22 and Fig. 23, when the CMD multiplication rate for the
CCD 109 is set to a higher value, the signal-to-noise
ratio and output voltage level are much higher than they
are when the typical CCD is employed.

[0156] The relationship among the illuminance (re-
flecting the brightness of an object) of an imaging sur-
face of the CCD 109, a signal-to-noise ratio detected on
an output stage of the processor 103, and an output volt-
age level detected thereon will be described in relation
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to the sensitivity of the CCD 109.

[0157] Assume that an endoscope system concerned
includes the endoscope 101 (including the CCD 109 and
CCD cable 120) and the processor 103 (including the
signal processing means 114). The signal-to-noise ratio
S/N and output voltage level S detected on the output
stage (signal processing means 114) of the processor
103 are calculated theoretically.

2,112

SIN=S/{NCCD?+NCcv3 1)
={A-n-K-(1-B) - G}/ {(A® - F? - (n+D) + R?)
K?-(1-p)%- G% + N CVA (1-2)
={n-K-(1-B) - G}/ {(F? - (n+D) + R® / A?)
K2 (1-p)? - GEeNCVE AT (13
S=A-n-K-(1-B) - G[mV] @)

where S denotes the output voltage level of an image
signal (detected on the output stage of the processor
103). Herein, for brevity's sake, the pedestal level of the
signal shall be 0. Moreover, N CCD denotes the voltage
level of a noise occurring in the CCD 109 (detected on
the output stage of the processor 103). N CV denotes
the total voltage level of a noise occurring along the CCD
cable 120 and a noise occurring in the processor 103
(detected on the output stage of the processor 103).

[Parameters]
(1) CCD-related parameters
[0158]

n [e/pixel]: the number of charge carriers per pixel
location (before electrons flowing in each CMD are
multiplied) n=Mx(4.1X109)xp2 XnxXRAXT [e/pix-
el/flame] where M [lux] denotes the illuminance of
the imaging surface of the CCD, 1 denotes the size
of each pixel location, 1 denotes a quantum efficien-
¢y, RA denotes a rate of hole area, and T denotes
an exposure time.

A: CMD multiplication rate

D [e/pixel/s]: dark current occurring at each pixel lo-
cation

R [eRMS]: a noise derived from reading (occurring
in a detection amplifier)

K [mv/e]: charge-voltage conversion factor set in
the detection amplifier

A: CMD multiplication rate
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F2: CMD excess noise factor
(2) Parameters relevant to components other than CCD
[0159]

B [X100%]: attenuation ratio of a signal propagated
over the CCD cable 120

G: gain produced by the processor (G = voltage lev-
el of output of processor / voltage level of input
thereof)

Ncv [mV]: total voltage level of a noise occurring
along the CCD cable 120 and a noise occurring in
the processor 103

(Signal to which a gain is given)

[0160] Fig. 22 shows the relationship between an illu-
minance on the imaging surface of a CCD and a signal-
to-noise ratio which is established with the CMD multi-
plication rate set to 1, 3, and 10. The illuminance and
signal-to-noise ratio are calculated by assigning param-
eter values to the formulae (1-2) and (2). Fig. 23 shows
the relationship between the illuminance of the imaging
surface of the CCD and an output voltage level. In Fig.
22, the signal-to-noise ratio (axis of ordinates) is calcu-
lated as S/N=20Xlog {formula (1-2)} (unit: dB).

(Advantages)

[0161] When the special light mode (observation un-
der special light) is designated, an object from which
feeble light is returned and which cannot be visualized
by a typical CCD can be visualized owing to multiplica-
tion of electrons flowing in each CMD in the CCD and
automatic gain control. Moreover, the signal-to-noise ra-
tio relative to an image signal and the output voltage
level of the image signal are improved. This results in a
view image of excellent image quality (high signal-to-
noise ratio) and proper brightness.

[0162] Information read from the ROM 170 may rep-
resent a type of endoscope or the brightness of an im-
age displayed on the monitor 105 (output voltage level
provided by the processor 103) instead of the CMD mul-
tiplication rates for CCD 109 predefined for the ordinary
light mode and special light mode. Otherwise, correction
data for a difference in the CCD multiplication rate for
the CCD 109 from one pixel location to another may be
transmitted to the processor 103.

[0163] Two CCDs may be incorporated in the distal
part of an endoscope, and the first CCD of the CCDs
may be used exclusively for the ordinary light mode (ob-
servation under ordinary light) and the second CCD
thereof may be used exclusively for the special light
mode (observation under special light). In this case, the
CCD 109 employed in the present example is used as
the second CCD. The first CCD dedicated to the ordi-
nary light mode may be realized with the CCD 109 or



31 EP 1 099 405 B1 32

the typical CCD.

[0164] The rotary filter 129 includes three filters asso-
ciated with the special light mode. The number of filters
associated with the special light mode need not be 3 but
may be two or less or four or more.

[0165] The filters of the rotary filter 129 associated
with the special light mode have the property of trans-
mitting light whose wavelengths range from the ultravi-
olet spectrum to the blue spectrum. Alternatively, the fil-
ters may transmit light of wavelengths falling within the
ultraviolet or blue spectrum alone. The filters may be
used to perform auto-fluorescence imaging.

[0166] The spectrum of light transmitted by the filters
of the rotary filter 129 associated with the special light
mode ranges from the ultraviolet spectrum to the blue
spectrum. The filters may transmit light of wavelengths
falling within the visible spectrum. In this case, a drug
(such as HpD, porphyrins, NPe6, ALA, m-THPC,
ATX-S10, BPD-MA, ZnPC, SnET2, etc.) may be admin-
istered in order to perform drug fluorescence imaging
for the purpose of photodynamic diagnosis.

[0167] The spectrum of light transmitted by the filters
of the rotary filter 129 associated with the special light
mode ranges from the ultraviolet spectrum to the blue
spectrum. The filters may transmit light of wavelengths
falling within the near-infrared spectrum. In this case, a
drug (for example, indocyanine green that is a derivative
marker antibody) may be administered in order to per-
form drug fluorescence imaging.

[0168] The spectrum of light transmitted by the filters
of the rotary filter 129 associated with the special light
mode ranges from the ultraviolet spectrum to the blue
spectrum. The filters may transmit light of wavelengths
ranging from the visible spectrum to the near-infrared
spectrum. An image signal may be picked up from the
reflected light of the light. In this case, the filter 110 need
not be included.

[0169] The mode switching means 135 is included in
the processor 103 but may be included in the endoscope
102.

[0170] The processor 103 has the signal processing
unit 104 and field-sequential light source unit 122 inte-
grated thereinto. Alternatively, the signal processing unit
104 and field-sequential light source unit 122 may be
provided as stand-alone apparatuses.

EXAMPLE 8

[0171] In Example 8, automatic light adjustment and
automatic gain control are carried out for observation
under ordinary light. For observation under special light,
the CMD multiplication rate is manually set to a fixed
value, automatic gain control is extended to a processor,
an exposure time is made long, and light is emitted fully.
[0172] In Example 7, the exposure time is the same
between the ordinary light mode (observation under or-
dinary light) and special light mode (observation under
special light).
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[0173] In Example 8, the exposure time is longer in
the special light mode than in the ordinary light mode.
Moreover, a high signal-to-noise ratio and a high output
voltage level are attained.

(Constituent features)

[0174] Fig. 24 shows the structure of a rotary filter.
Fig. 25 is a timing chart showing the timings of signals
used to drive a CCD in the special light mode. Fig. 26 is
a graph indicating the relationship between the lumi-
nance on the imaging surface of the CCD and a signal-
to-noise ratio (long exposure). Fig. 27 is a graph indi-
cating the relationship between the luminance on the im-
aging surface of the CCD and an output voltage level
(long exposure).

[0175] The description of arotary filter 129A and other
components identical to those of Example 7 will be omit-
ted.

[0176] The rotary filter 129A consists, as shown in Fig.
24, of two filter sets, that is, filter sets 133 and 134A
serving as inner and outer circumferential parts of the
rotary filter 129A. The inner circumferential first filter set
133 consists of three filters 133a, 133b, and 133c used
for the ordinary light mode (observation under ordinary
light) as they do in Example 7. The outer circumferential
second filter set 134A consists of two filters 134aA and
134c used for the special light mode (observation under
special light). The filter sets 133 and 134A have spectral
transmission properties thereof matched with respec-
tive purposes of observation.

[0177] In the present example, a filter for passing ex-
citation light used to cause auto-fluorescence (light of
wavelengths ranging from the ultraviolet spectrum to the
blue spectrum) is adopted as the filter 134aA. The filter
134c is blocked. The second filter set 134A of the rotary
filter 129A is divided into three areas R2, G2, and B2 as
shown in Fig. 24. The filter 134aA occupies the whole
area R2 and a half of the area G2. The filter 134c occu-
pies nearly a half of the area B2 and is shaped like a
sector. The filter 134aA and filter 134c are arranged cir-
cumferentially. The portion of the second filter set 134A
other than the filters 134aA and 134C is blocked and
determines an interception time (reading time) during
which the CCD 109 is read. The control means 121 con-
trols the CCD driving means 111 in response to a com-
mand output from the mode switching means 135 so
that the CCD driving means will drive the CCD in line
with a selected mode (ordinary light mode or special
light mode).

[0178] Fig. 25 is a timing chart indicating the timings
of signals used to drive the CCD in the special light
mode. Fig. 25 indicates an exposure period and an in-
terception period (reading period) determined by the
second filter set (outer circumferential part) of the rotary
filter 129A. Moreover, Fig. 25 indicates the relationship
among a sensitivity control pulse $CMD, a vertical trans-
fer pulse 0IAG, and a horizontal transfer pulse 6SR that
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are applied to the CCD 109, and an output signal of the
CCD. The magnitudes of turns R2, G2, and B3 made by
the rotary filter correspond to the sizes of the areas R2,
G2, and B2 of the rotary filter 129A. The sensitivity con-
trol pulse ¢CMD, vertical transfer pulse ¢IAG, and hori-
zontal transfer pulse ¢SR are output from the CCD sen-
sitivity means 112 and CCD driving means 111 respec-
tively during the interception period (reading period)
succeeding the exposure period only when a gate pulse
assumes an on voltage level. The CCD 109 provides
the output signal during the interception period.

[0179] In Example 8, the gate pulse assumes the on
voltage level only when the rotary filter 129A makes the
turns G2 and B2. When the rotary filter 129A makes the
turn R2, the gate pulse assumes an off voltage level.
The CCD 109 does not provide the output signal. An
exposure time is therefore equal to the sum of a period
determined with the area R2 and a period determined
with an exposure area of the area G2. The exposure
time is therefore as long as nearly the triple of the one
in Example 7. An image signal read from the CCD 109
during a period determined with an interceptive area of
the area G2 is fed to the image memories included in
the synchronizing means 163a and 163b. An image sig-
nal read from the CCD 109 during a period determined
with an interceptive area of the area B2 is fed to the im-
age memory included in the synchronizing means 163c.
Incidentally, the gate pulse assumes the on voltage level
in the ordinary light mode. After an object is exposed to
light passing through the first filter set composed of the
filters 133a, 133b, and 133c, the CCD 109 is read.

(Operations)

[0180] Operations exerted in the special light mode
will be described below. Operations exerted in the ordi-
nary light mode are identical to those in Example 7.

[0181] Excitation light (of wavelengths ranging from
the ultraviolet spectrum to the blue spectrum in the
present example) emitted from the lamp 127 passes
through the second filter set 134A. According to the
present example, only the excitation light passing
through the filter 134aA is intermittently irradiated to a
living tissue. In the present example, no light passes
through the filter 134c and is irradiated to the living tis-
sue. An exposure time during which light passing
through the filter 134aA is irradiated is generally three
times longer than thatin Example 7. Charge carriers are
received and accummulated in the CCD 109 during a
period during which excitation light passing through the
filter 134aA of the second filter set is irradiated to the
living tissue. The charge carriers are read during an in-
terception period (reading period) determined with the
interceptive area of the area G2. An image signal output
from the CCD is fed to the signal processing means 114.
The signal processing means 114 processes the signal
read during the period determined with the interceptive
area of the area G2. Consequently, a view image pro-
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duced with special light is displayed on the monitor 105.
[0182] Now, a description will be made of a signal-to-
noise ratio relative to a signal representing the view im-
age displayed on the monitor 105 (image produced with
light stemming from auto-fluorescence in the present
example) and the brightness of the view image. The sig-
nal-to-noise ratio and brightness are attained with an ex-
posure time extended and the CMD multiplication rate
for the CCD 109 raised.

[0183] In Example 8, an exposure time T' shall be ap-
proximately three times longer than the exposure time
T in Example 1. Moreover, the CMD multiplication rate
for the CCD 109 shall be set to 3 and 10. Fig. 26 and
Fig. 27 graphically show the relationship between the
illuminance on the imaging surface of the CCD and the
signal-to-noise ratio or the output voltage level which is
established under the above conditions.

[0184] As seenfrom Fig. 26 and Fig. 27, when a living
tissue is exposed for a longer exposure time (irradiation
time) with the CMD multiplication rate for the CCD 109
held constant, the signal-to-noise ratio and output volt-
age level get higher. When the CMD multiplication rate
is raised and the exposure time is extended, the signal-
to-noise ratio and output voltage level get higher.

(Advantages)

[0185] In the special light mode (observation under
special light), even if light returning from an object is too
feeble to visualize the object using a typical CCD, the
object can be visualized owing to multiplication of elec-
trons flowing in each CMD in the CCD, extension of an
exposure time, and automatic gain control. Moreover, a
signal-to-noise ratio and an output voltage level are
raised. Consequently, a view image of excellent image
quality (high signal-to-noise ratio) and proper brightness
can be produced.

[0186] Information read from the ROM 170 may rep-
resent a type of endoscope or the brightness of an im-
age displayed on the monitor 105 (output voltage level
of processor 103) instead of the CMD multiplication rate
for the CCD 109 defined for the ordinary light mode or
special light mode. Otherwise, correction data for a dif-
ference in the CMD multiplication rate for the CCD 109
from one pixel location to another may be transmitted to
the processor 103.

[0187] Two CCDs may be incorporated in the distal
part of an endoscope. The first CCD of the two CCDs
may be used exclusively for the ordinary light mode (ob-
servation under ordinary light), and the second CCD
thereof may be used exclusively for the special light
mode (observation under special light). In this case, the
CCD 109 employed in the present example is adopted
as the second CCD. The first CCD dedicated to the or-
dinary light mode may be realized with the CCD 109 or
a typical CCD.

[0188] In the present example, reading of the CCD is
performed twice during one full turn of the rotary filter.
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The gate pulse may be applied only once while the ro-
tary filter makes the turns R2, G2, and B2. In this case,
the exposure time set in Example 1 can be extended to
be five times longer at most. Two filters included in the
rotary filter 129A are associated with the special light
mode. The number of filters associated with the special
light mode need not be confined to two but may be one.
[0189] The filters of the rotary filter 129A associated
with the special light mode have the property of trans-
mitting light whose wavelengths range from the ultravi-
olet spectrum to the blue spectrum. Alternatively, filters
for transmitting light whose wavelengths fall within the
ultraviolet or blue spectrum alone may be employed for
auto-fluorescence imaging.

[0190] The filters of the rotary filter 129A associated
with the special light mode have the spectral property of
transmitting light whose wavelengths range from the ul-
traviolet spectrum to the blue spectrum. Alternatively,
the filters may transmit light of wavelengths falling within
the visible spectrum. In this case, a drug (HpD, porphy-
rins, NPe6, ALA, m-THPC, ATX-S10, BPD-MA, ZnPC,
SnET2) is administered in order to perform drug fluores-
cence imaging for the purpose of photodynamic diagno-
sis.

[0191] The filters of the rotary filter 129A associated
with the special light mode have the spectral property of
transmitting light whose wavelengths range from the ul-
traviolet spectrum to the blue spectrum. Alternatively,
the filters may transmit light of wavelengths falling within
the near-infrared spectrum. In this case, a drug (for ex-
ample, indocyanine green that is a derivative marking
antibody) is administered in order to perform drug fluo-
rescence imaging.

[0192] The filters of the rotary filter 129A associated
with the special light mode have the spectral property of
transmitting light whose wavelengths range from the ul-
traviolet spectrum to the blue spectrum. Alternatively,
the filters may transmit light of wavelengths ranging from
the visible spectrum to the near-infrared spectrum. An
image signal may then be picked up from the reflected
light of the light. In this case, the filter 110 need not be
included.

[0193] The mode switching means 135 is included in
the processor 103, but may be included in the endo-
scope 102.

[0194] The processor 103 has the signal processing
unit 104 and field-sequential light source unit 122 inte-
grated thereinto. The signal processing unit 104 and
field-sequential light source unit 122 may be included
as stand-alone apparatuses.

EXAMPLE 9

[0195] Example 9 is such that the CMD multiplication
rate is varied automatically depending on whichever of
observation under ordinary light and observation under
special light is designated.

[0196] In Example 7, the CMD multiplication rate for
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the CCD is set to a fixed value. The CMD multiplication
rate is adjusted manually. For optimizing the brightness
of an image displayed on the monitor, the output signal
of the CCD is electrically amplified and thus adjusted
through automatic gain control.

(Constituent features)

[0197] Fig. 28 is a block diagram schematically show-
ing the configuration of an endoscope system. Fig. 29
is a block diagram showing a signal pre-processing
means included in a signal processing means.

[0198] The description of components identical to
those shown in Fig. 17 will be omitted.

[0199] The automatic gain control circuit 145, iris di-
aphragm 123, and diaphragm control means 124 includ-
ed in Example 7 are excluded in Example 9.

[0200] The photometry means 142 calculates an av-
erage of voltage levels assumed by the output signal of
the CCD 109 during one field, and outputs the average
to the CCD sensitivity control means 112 via the control
means 121. The CCD sensitivity control means 112 cal-
culates the number of applications of a pulse per unit
time associated with a CMD multiplication rate that per-
mits the output signal of the CCD 109 to assume a set
voltage level. Consequently, the pulse is applied to the
CCD 109 by the calculated number of times during an
interception period (reading period) during which the
CCD 109 is read.

(Operations)

[0201] A user manipulates, for example, a mode se-
lection switch included in the mode switching means
135 so as to select a desired mode (ordinary light mode
or special light mode). In the field-sequential light source
unit 122A, the rotary filter switching mechanism 131
turns the rotary filter 129 according to the selected
mode. lllumination light matched with the selected mode
is routed to the rear end of the light guide 115 via the
rotary filter 129, and irradiated to a living tissue. Since
the field-sequential light source unit 122a has no dia-
phragm, the intensity of illumination light emitted from
the distal end of the endoscope 102 remains constant.
[0202] Field-sequential light rays (of red, blue, and
green) are reflected from a living tissue in the ordinary
light mode, while special light such as light stems from
fluorescence exhibited by the living tissue in the special
light mode. The reflected light rays or light stemming
from fluorescence is projected on the CCD 109 in order
to pick up an image signal. A resultant video signal is
fed to the signal processing means 114A. The signal
processing means 114A processes the output signal of
the CCD 109. Consequently, a view image is displayed
on the monitor 105.

[0203] When an object (living tissue) exhibiting cer-
tain brightness is imaged using the CCD 109, a signal-
to-noise ratio (Fig. 22) and an output voltage level (Fig.
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23) vary depending on the CMD multiplication rate for
the CCD 109. The photometry means 142 calculates an
average of voltage levels assumed by the output signal
of the CCD 109 during one field, and outputs the aver-
age to the CCD sensitivity control means 112 via the
control means 121. The CCD sensitivity control means
112 calculates the number of applications of a pulse per
unit time associated with a CMD multiplication rate for
the CCD 109 that permits the output signal of the CCD
109 to assume a voltage level and represent an image
of brightness of a user-designated level to be displayed
on the monitor 105. The CCD sensitivity control means
112 outputs the number of applications of the pulse per
unit time to the CCD 109. Specifically, when the voltage
level of a signal output from the processor 103A is lower
than a set value, the CMD multiplication rate for the CCD
109 is automatically raised. When the voltage level of a
signal output from the processor 103A is higher than the
set value, the CMD multiplication rate for the CCD 109
is automatically lowered. A user can always view an im-
age of brightness of any user-designated level on the
monitor 105.

[0204] Moreover, when light returning from an object
is especially feeble, the CMD multiplication rate for the
CCD 109 is automatically raised. For example, as seen
from Fig. 22, when the CMD multiplication ratio is set to
a large value, a signal-to-noise ratio is higher than it is
when the CMD multiplication rate is set to a small value.
An excellent view image can therefore be produced.
[0205] A signal output from the output stage of the
processor 103A is amplified by raising the CMD multi-
plication ratio for the CCD 109. Compared with when
the signal output from the CCD 109 is electrically ampli-
fied, influence of a noise can be suppressed. This re-
sults in an image benefiting from a high signal-to-noise
ratio.

(Advantages)

[0206] The CMD multiplication ratio for a CCD is au-
tomatically controlled based on the brightness of an ob-
ject. This results in a view image of excellentimage qual-
ity (high signal-to-noise ratio) and proper brightness.
Moreover, the configuration of a light source unit can be
simplified.

[0207] An appendix and variant of the present exam-
ple are identical to those of Example 7.

[0208] Inthe presentexample, the CMD multiplication
rate for the CCD 109 is varied between the ordinary light
mode and special light mode in order to make the bright-
ness of animage displayed on the monitor 105 constant.
Alternatively, in the ordinary light mode, similarly to that
in Example 1, the iris diaphragm included in the light
source unit may be controlled to vary the intensity of light
to be irradiated to a living tissue.
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EXAMPLE 10

[0209] The present example is such that the CMD
multiplication ratio is automatically varied depending on
whichever of observation under ordinary light and ob-
servation under special light is designated. For the ob-
servation under special light, an object is exposed to
light for a long period of time.

[0210] In Example 9, an exposure time is the same
between the ordinary light mode (observation under or-
dinary light) and special light mode (observation under
special light).

[0211] In contrast, in Example 10, an exposure time
for the special light mode is longer than that for the or-
dinary light mode. Thus, the present example attempts
to attain a higher signal-to-noise ratio than that attained
in Example 9.

[0212] Arotary filter (second filter set) is structured as
shown in Fig. 24. The timings of signals applied in order
to drive the CCD in the special light mode are defined
as shown in Fig. 25.

(Constituent features)

[0213] The description of components identical to
those of Example 9 will be omitted.

[0214] Differences of Example 10 from Example 9 lie
in the structure of a rotary filter 129A and the timings of
signals applied to drive a CCD in the special light mode.

(Operations)

[0215] Operations to be exerted in the special light
mode will be described below. Operations to be exerted
in the ordinary light mode are identical to those in Ex-
ample 9.

[0216] Excitation light emitted from the lamp 127 (light
of wavelengths ranging from the ultraviolet spectrum to
the blue spectrum) passes through the second filter set
134A. In the present example, the excitation light pass-
ing through the filter 134aA is intermittently irradiated to
a living tissue. An irradiation (exposure) time is approx-
imately three times longer than that in Example 9. No
light passes through the filter 134c and is irradiated in
the present example. The CCD 109 receives light stem-
ming from fluorescence exhibited by the living tissue to
which the excitation light is irradiated. Accumulated
charge carriers are read from the CCD 109 during an
interception period (reading period) determined with the
interceptive area of the area G2. An acquired imaging
signal is fed to the signal processing means 114A. The
signal processing means 114A processes the signal.
Consequently, a view image produced with special light
is displayed on the monitor 105.

[0217] Now, a description will be made of a signal-to-
noise ratio relative to a signal representing a view image
displayed on the monitor 105 (an image produced with
auto-fluorescence in the present example) and the
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brightness of the view image. The signal-to-noise ratio
and brightness are attained with an exposure time ex-
tended and the CMD multiplication ratio for the CCD 109
raised.

[0218] In Example 10, an exposure time T' is approx-
imately three times longer than the exposure time T in
Example 9. Moreover, the CMD multiplication rate for
the CCD 109 is set to 3 and 10. Fig. 26 and Fig. 27
graphically show the relationship between the illumi-
nance on the imaging surface of the CCD and a signal-
to-noise ratio or an output voltage level which is estab-
lished under the above conditions.

[0219] Assume that an object (living tissue) of certain
brightness is imaged using the CCD 109 with an expo-
sure time extended. A signal-to-noise ratio (Fig. 26) and
output voltage level (Fig. 27) vary depending on the
CMD multiplication rate for the CCD 109. With the CMD
multiplication rate held unchanged, the longer the expo-
sure time is, the higher the signal-to-noise ratio and out-
put voltage level are. Namely, the signal-to-noise ratio
and output voltage level attained in the present example
are higher than those attained in Example 9. The pho-
tometry means 142 calculates an average of voltage
levels assumed by an output signal of the CCD 109 dur-
ing one field, and outputs the average to the CCD sen-
sitivity control means 112 via the control means 121.
The CCD sensitivity control means 112 calculates the
number of applications of a pulse per unit time associ-
ated with the CMD multiplication rate for the CCD 109
that permits the output signal to represent an image of
brightness of a certain user-designated level. The CCD
sensitivity control means 112 outputs the number of ap-
plications of the pulse per unit time to the CCD 109. Spe-
cifically, when the output voltage level provided by the
processor 103A is lower than a set value, the CMD mul-
tiplication rate for the CCD 109 is automatically raised.
When the output voltage level is higher than the set val-
ue, the CMD multiplication rate for the CCD 109 is au-
tomatically lowered. Consequently, a view image of
brightness of the user-designated level can always be
viewed on the monitor.

[0220] Moreover, when light returning from an object
is feeble, the CMD multiplication rate for the CCD 109
is automatically raised. As seen from Fig. 26, when the
CMD multiplication rate is set to a larger value, if an ex-
posure time is extended, a signal-to-noise ratio is much
higher than it is when the CMD multiplication rate is set
to a small value.

[0221] A signal output from the output stage of the
processor 103A is amplified by raising the CMD multi-
plication rate for the CCD 109. Compared with when the
output signal of the CCD 109 is electrically amplified,
influence of a noise is limited. This results in an image
benefiting from a high signal-to-noise ratio.

(Advantages)

[0222] When the special light mode (observation un-
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der special light) is designated, the CMD multiplication
rate for the CCD is automatically controlled based on
the intensity of the feeble light. Consequently, a view im-
age of excellent image quality (high signal-to-noise ra-
tio) and proper brightness can be produced. Moreover,
when an exposure time is extended, a view image will
benefit from a higher signal-to-noise ratio. Moreover, the
structure of the light source unit can be simplified.
[0223] An appendix and variant of the present exam-
ple are identical to those of Example 8.

[0224] Inthe presentexample, the CMD multiplication
rate for the CCD 109 is controlled in order to make the
brightness of an image on the monitor 105 constant de-
pending on whichever of the ordinary light mode or spe-
cial light mode is designated. When the ordinary light
mode is designated, similarly to Example 1, the iris dia-
phragm included in the light source unit may be control-
led in order to vary the intensity of light to be irradiated
to a living tissue.

[0225] Examples composed of parts of the constituent
features of the aforesaid examples also belong to the
present invention.

Industrial Applicability

[0226] As described so far, according to the present
invention, a view image of proper brightness can be pro-
duced irrespective of the type of endoscope. Moreover,
a means for controlling the sensitivity of a solid-state im-
aging device can freely control the sensitivity by adjust-
ing the amplitude of a sensitivity control pulse and the
number of applications thereof per unit time. Owing to
the sensitivity control, a high-sensitivity solid-state im-
aging device can be realized without a noise derived
from multiplication of electrons and without the neces-
sity of cooling. Consequently, an endoscope offering ex-
cellent image quality and capable of being inserted
smoothly can be realized. Moreover, the sensitivity con-
trol means can set the sensitivity of the solid-state im-
aging device according to a type of endoscope or the
property of each solid-state imaging device. Eventually,
a view image of proper brightness can be produced ir-
respective of the type of endoscope or the property of
each solid-state imaging device.

Claims
1. An endoscope system (1) comprising:

an endoscope (2, 102) having a solid-state im-
aging device (9, 109);

a signal processing unit (4, 104) adapted to
process a signal output from said solid-state
imaging device (9, 109);

a light source unit (22, 52, 63, 73, 103) adapted
to irradiate light to an object so that an object
image will be projected on said solid-state im-
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aging device (9, 109), wherein the light source

has different modes of light irradiation; and

a sensitivity control means (12, 112);
characterized in that

the modes of light irradiation of said light source

unit (22, 52, 63, 73, 103) include an ordinary

light mode and a special light mode;

said solid-state imaging device (9, 109) has a

variable sensitivity to be varied by applying a

plurality of sensitivity control pulses, the sensi-

tivity control pulses controlling the electron mul-

tiplication rate of the solid-state imaging device

(9, 109); and

said sensitivity control means (12, 112) is

adapted to adjust said sensitivity control pulses

applied to said solid-state imaging device (9,

109), ;

wherein said sensitivity control means (12,
112) is further adapted to adjust said sensitivity con-
trol pulses in dependence of said light source unit
(22, 52, 63, 73, 103) irradiating in the ordinary light
mode or in the special light mode

Endoscope system according to claim 1, compris-
ing:

a base unit (4, 22) comprising
said signal processing unit (4, 104),
said light source unit (22, 52, 63, 73, 103)
and
said sensitivity control means (12, 112),

wherein various endoscope types (2A, 2B,
2C) are freely attachable to said base unit, each of
said endoscope types including a solid-state imag-
ing device (9, 109) having a variable sensitivity to
be varied by applying said plurality of sensitivity
control pulses from said sensitivity control means
(12, 112); and

wherein said sensitivity control means (12,
112) is further adapted to adjust said sensitivity
pulses in dependence of said endoscope type, in
particular in dependence of property of the respec-
tive solid-state imaging device (9, 109).

Endoscope system according to claim 1, wherein:

said light source unit (52, 73, 103) is adapted
to irradiate white light or light of a specified
wavelength band to said object;

and wherein said endoscope system further
comprises a means (23, 24; 25, 29) adapted to
switch observation under the white light or ob-
servation in an ordinary light mode and obser-
vation under the light of the specified wave-
length band or observation in a special light
mode.
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4. An endoscope system according to claim 1, where-

in:

said light source unit is a field-sequential light
source unit (73, 122) adapted to sequentially
irradiate light to an object so that an object im-
age will be projected on said solid-state imag-
ing device (9, 109); and

said signal processing unit (4,104) includes:

a signal pre-processing means (17) adapt-
ed to process a signal output from said sol-
id-state imaging device,

a field-sequential signal synchronizing
means (18) adapted to synchronize field-
sequential signal components output from
said signal pre-processing means (17),
and

a signal post-processing means (19)
adapted to process an output signal of said
synchronizing means (18) to produce a tel-
evision signal.

An endoscope system according to Claim 1 or 3,
wherein said sensitivity control means (12, 112) is
controlled based on any of a designation signal out-
put from a designating means (135), an information
signal fed from a connected endoscope (2, 2A, 2B,
2C, 102) and representing a feature of the endo-
scope, a movement information signal output from
said light source unit (22, 52, 63, 73, 103), a signal
representing a driving condition for said solid-state
imaging device, and an output signal of said signal
processing unit (4,104).

An endoscope system according to Claim 1 or 3,
wherein the waveform of the sensitivity control puls-
es is set for said sensitivity control means (12, 112).

An endoscope system according to Claim 5, where-
in the information representing a feature of a con-
nected endoscope (2, 2A, 2B, 2C, 102) is at least
one of an f-number for the endoscope and the
number of optical fibers constituting a light guide
(15) lying through the endoscope.

An endoscope system according to Claim 5, where-
in the movement information concerning said light
source unit (22, 52, 63, 73, 103) is at least one of
information based on an amount of light emitted
from a lamp (27) and information based on an iris
diaphragm (23).

An endoscope system according to Claim 5, where-
in the driving condition for said solid-state imaging
device (9, 109) is adapted at least in dependency
of the state of an electronic shutter or an imaging
signal reading rate.
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An endoscope system according to Claim 1 or 3,
wherein a feature of a connected endoscope type
(2, 2A, 2B, 2C, 102) is input at an input means to
adjust the sensitivity of said solid-state imaging de-
vice (9, 109) by said sensitivity control means (12,
112).

An endoscope system according to Claim 1 or 3,
wherein said signal processing unit (4, 104) in-
cludes a means that when an output signal of said
solid-state imaging device (9, 109) is lower than a
set voltage level, amplifies a gain of to the output
signal.

An endoscope system according to Claim 1 or 3,
wherein said sensitivity control means (12, 112) is
included in said signal processing unit (4, 104), and
the sensitivity of said solid-state imaging device (9,
109) is set based on a type of endoscope (2, 2A,
2B, 2C, 102) or a property of said solid-state imag-
ing device.

An endoscope system according to Claim 1 or 3,
wherein said light source unit (22, 52, 63, 73, 103)
includes a light level adjustment mechanism real-
ized with an iris diaphragm (23).

An endoscope system according to Claim 1 or 3,
wherein said light source unit (22, 52, 63, 73, 103)
field-sequentially irradiates light to an object, and
an exposure time for observation in the special light
mode is made longer than that for observation in
the ordinary light mode.

An endoscope system according to Claim 1 or 3,
wherein the special light mode is set for at least one
of auto-fluorescence detection, drug fluorescence
detection, infrared induced fluorescence detection,
and specified wavelengths reflection detection.

An endoscope system according to Claim 1 or 3,
wherein said light source unit (22, 52, 63, 73, 103)
emits light

of wavelengths ranging from the ultraviolet
spectrum to the blue spectrum for special light
mode detection,

in the ultraviolet spectrum,

in the blue spectrum,

of specified wavelength bands in the visible
spectrum for photodynamic drug diagnosis,

of specified wavelength bands ranging from
the visible spectrum to the near-infrared spectrum,
or

of wavelength bands in the near infrared
spectrum for fluorescence detection.

An endoscope system according to Claim 1 or 3,
wherein said endoscope (2, 102) is of a field-se-
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quential type.

An endoscope system according to Claim 1 or 3,
wherein said endoscope has two solid-state imag-
ing devices incorporated in the distal part thereof,
one of the two solid-state imaging devices is a solid-
state imaging device not having an electron multi-
plication function but picking up an image signal
from ordinary light, and the other one thereof is a
solid-state imaging device (9, 109) having the elec-
tron multiplication function and picking up an image
signal from special light.

An endoscope system according to Claim 1 or 3,
wherein said endoscope has two solid-state imag-
ing devices incorporated in the distal part thereof,
one of the two solid-state imaging devices is a solid-
state imaging device for picking up an image signal
from ordinary light, and the other one thereof is a
solid-state imaging device for picking up an image
signal from special light.

Patentanspriiche

1.

Endoskopsystem (1) mit:

einem Endoskop (2, 102) mit einem Halbleiter-
Abbildungsbauelement (9, 109);

einer Signalverarbeitungseinheit (4, 104), die
dazu ausgelegt ist, ein vom Halbleiter-Abbil-
dungsbauelement (9, 109) ausgegebenes Si-
gnal zu verarbeiten;

einer Lichtquelleneinheit (22, 52, 63, 73, 103),
die dazu ausgelegt ist, Licht auf ein Objekt ab-
zustrahlen, so dass ein Objektbild auf das Halb-
leiter-Abbildungsbauelement (9, 109) projiziert
wird, wobei die Lichtquelle verschiedene Be-
triebsarten von Lichtbestrahlung aufweist; und
einem Empfindlichkeitssteuermittel (12, 112);

dadurch gekennzeichnet, dass

die Betriebsarten der Lichtbestrahlung der
Lichtquelleneinheit (22, 52, 63, 73, 103) eine ge-
wohnliche Lichtbetriebsart und eine spezielle Licht-
betriebsart umfassen;

das Halbleiter-Abbildungsbauelement (9,
109) eine variable Empfindlichkeit aufweist, die
durch Anlegen einer Vielzahl von Empfindlichkeits-
steuerimpulsen verandert wird, wobei die Empfind-
lichkeitssteuerimpulse die Elektronenvervielfa-
chungsrate des Halbleiter-Abbildungsbauelements
(9, 109) steuern; und

das Empfindlichkeitssteuermittel (12, 112)
dazu ausgelegt ist, die Empfindlichkeitssteuerim-
pulse, die an das Halbleiter-Abbildungsbauelement
(9, 109) angelegt werden, einzustellen;

wobei das Empfindlichkeitssteuermittel (12,
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112) ferner dazu ausgelegtiist, die Empfindlichkeits-
steuerimpulse in Abhangigkeit davon, ob die Licht-
quelleneinheit (22, 52, 63, 73, 103) in der gewdhn-
lichen Lichtbetriebsart oder in der speziellen Licht-
betriebsart bestrahlt, einzustellen.

Endoskopsystem nach Anspruch 1 mit:

einer Basiseinheit (4, 22), umfassend
die Signalverarbeitungseinheit (4, 104),
die Lichtquelleneinheit (22, 52, 63, 73,
103) und
das
112),

Empfindlichkeitssteuermittel (12,

wobei verschiedene Endoskoparten (2A, 2B,
2C) frei an der Basiseinheit angebracht werden
kdnnen, wobei jede der Endoskoparten ein Halblei-
ter-Abbildungsbauelement (9, 109) mit einer varia-
blen Empfindlichkeit umfasst, die durch Anlegen
der Vielzahl von Empfindlichkeitssteuerimpulsen
vom Empfindlichkeitssteuermittel (12, 112) veran-
dert wird; und

wobei das Empfindlichkeitssteuermittel (12,
112) ferner dazu ausgelegt ist, die Empfindlichkeits-
impulse in Abhangigkeit von der Endoskopart, ins-
besondere in Abhangigkeit von der Eigenschaft des
jeweiligen Halbleiter-Abbildungsbauelements (9,
109), einzustellen.

3. Endoskopsystem nach Anspruch 1, wobei:

die Lichtquelleneinheit (52, 73, 103) dazu aus-
gelegt ist, weiles Licht oder Licht mit einem
festgelegten Wellenlangenband auf das Objekt
abzustrahlen;

und wobei das Endoskopsystem ferner ein Mit-
tel (23, 24; 25, 29) umfasst, das dazu ausgelegt
ist, die Beobachtung unter dem weif3en Licht
oder die Beobachtung in einer gewdhnlichen
Lichtbetriebsart und die Beobachtung unter
dem Licht mit dem festgelegten Wellenlangen-
band oder die Beobachtung in einer speziellen
Lichtbetriebsart umzuschalten.

4. Endoskopsystem nach Anspruch 1, wobei:

die Lichtquelleneinheit eine Zeitfolge-Licht-
quelleneinheit (73, 122) ist, die dazu ausgelegt
ist, nacheinander Licht auf ein Objekt abzu-
strahlen, so dass ein Objektbild auf das Halb-
leiter-Abbildungsbauelement (9, 109) projiziert
wird; und

die Signalverarbeitungseinheit (4, 104) um-
fasst:

ein Signalvorverarbeitungsmittel (17), das
dazu ausgelegt ist, ein vom Halbleiter-Ab-
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bildungsbauelement abgegebenes Signal
Zu verarbeiten;

ein Zeitfolge-Signalsynchronisationsmittel
(18), das dazu ausgelegt ist, Zeitfolge-Si-
gnalkomponenten, die aus dem Signalvor-
verarbeitungsmittel (17) ausgegeben wer-
den, zu synchronisieren, und

ein Signalnachverarbeitungsmittel (19),
das dazu ausgelegt ist, ein Ausgangssi-
gnal des Synchronisationsmittels (18) zu
verarbeiten, um ein Fernsehsignal zu er-
zeugen.

Endoskopsystem nach Anspruch 1 oder 3, wobei
das Empfindlichkeitssteuermittel (12, 112) auf der
Basis von irgendeinem eines Festlegungssignals,
das aus einem Festlegungsmittel (135) ausgege-
ben wird, eines Informationssignals, das von einem
angeschlossenen Endoskop (2, 2A, 2B, 2C, 102)
eingespeist wird und ein Merkmal des Endoskops
darstellt, eines Bewegungsinformationssignals,
das aus der Lichtquelleneinheit (22, 52, 63, 73, 103)
ausgegeben wird, eines Signals, das eine Ansteu-
erbedingung flr das Halbleiter-Abbildungsbauele-
ment darstellt, und eines Ausgangssignals der Si-
gnalverarbeitungseinheit (4, 104) gesteuert wird.

Endoskopsystem nach Anspruch 1 oder 3, wobei
die Wellenform der Empfindlichkeitssteuerimpulse
fir das Empfindlichkeitssteuermittel (12, 112) fest-
gelegt wird.

Endoskopsystem nach Anspruch 5, wobei die Infor-
mation, die ein Merkmal eines angeschlossenen
Endoskops (2, 2A, 2B, 2C, 102) darstellt, minde-
stens eine von einer Blendenzahl fir das Endoskop
und der Anzahl von optischen Fasern, die einen
Lichtleiter (15) bilden, der durch das Endoskop ver-
lauft, ist.

Endoskopsystem nach Anspruch 5, wobei die Be-
wegungsinformation, die die Lichtquelleneinheit
(22, 52, 63, 73, 103) betrifft, mindestens eine von
einer Information auf der Basis einer Menge an
Licht, das von einer Lampe (27) emittiert wird, und
einer Information auf der Basis einer Irisblende (23)
ist.

Endoskopsystem nach Anspruch 5, wobei die An-
steuerbedingung fur das Halbleiter-Abbildungsbau-
element (9, 109) zumindest in Abhangigkeit vom
Zustand einer elektronischen Verschlussblende
oder einer Bildsignal-Leserate ausgelegt ist.

Endoskopsystem nach Anspruch 1 oder 3, wobei
ein Merkmal einer angeschlossenen Endoskopart
(2, 2A, 2B, 2C, 102) an einem Eingabemittel einge-
geben wird, um die Empfindlichkeit des Halbleiter-
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Abbildungsbauelements (9, 109) durch das Emp-
findlichkeitssteuermittel (12, 112) einzustellen.

Endoskopsystem nach Anspruch 1 oder 3, wobei
die Signalverarbeitungseinheit (4, 104) ein Mittel
umfasst, das, wenn ein Ausgangssignal des Halb-
leiter-Abbildungsbauelements (9, 109) niedriger ist
als ein festgelegter Spannungspegel, die Verstar-
kung des Ausgangssignals vergrofert.

Endoskopsystem nach Anspruch 1 oder 3, wobei
das Empfindlichkeitssteuermittel (12, 112) in der Si-
gnalverarbeitungseinheit (4, 104) enthalten ist und
die Empfindlichkeit des Halbleiter-Abbildungsbau-
elements (9, 109) auf der Basis einer Art eines En-
doskops (2, 2A, 2B, 2C, 102) oder einer Eigenschaft
des Halbleiter-Abbildungsbauelements festgelegt
wird.

Endoskopsystem nach Anspruch 1 oder 3, wobei
die Lichtquelleneinheit (22, 52, 63, 73, 103) einen
Lichtpegel-Einstellmechanismus umfasst, der mit
einer Irisblende (23) realisiert ist.

Endoskopsystem nach Anspruch 1 oder 3, wobei
die Lichtquelleneinheit (22, 52, 63, 73, 103) Licht in
Zeitfolge auf ein Objekt abstrahlt und eine Belich-
tungszeit zur Beobachtung in der speziellen Licht-
betriebsart Ianger gemacht ist als jene fiir die Be-
obachtung in der gewdhnlichen Lichtbetriebsart.

Endoskopsystem nach Anspruch 1 oder 3, wobei
die spezielle Lichtbetriebsart fiir mindestens eine
von Eigenfluoreszenzerfassung, Arzneimittelfluo-
reszenzerfassung, Erfassung von durch Infrarot in-
duzierter Fluoreszenz und Reflexionserfassung bei
festgelegten Wellenlangen festgelegt wird.

Endoskopsystem nach Anspruch 1 oder 3, wobei
die Lichtquelleneinheit (22, 52, 63, 73, 103) Licht
emittiert

mit Wellenlangen flr die Erfassung in der spe-
ziellen Lichtbetriebsart, die vom Ultraviolettspek-
trum bis zum blauen Spektrum reichen,

im Ultraviolettspektrum,

im blauen Spektrum,

mit festgelegten Wellenlangenbandern im
sichtbaren Spektrum fiir eine photodynamische
Arzneimitteldiagnose,

mit festgelegten Wellenldngenbéndern, die
vom sichtbaren Spektrum bis zum nahen Infrarots-
pektrum reichen, oder

mit Wellenlangenbandern im nahen Infrarots-
pektrum zur Fluoreszenzerfassung.

Endoskopsystem nach Anspruch 1 oder 3, wobei
das Endoskop (2, 102) vom Zeitfolgetyp ist.
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Endoskopsystem nach Anspruch 1 oder 3, wobei
das Endoskop zwei Halbleiter-Abbildungsbauele-
mente aufweist, die in dessen distalen Teil einge-
baut sind, wobei eines der zwei Halbleiter-Abbil-
dungsbauelemente ein Halbleiter-Abbildungsbau-
element ist, das keine Elektronenvervielfachungs-
funktion aufweist, sondern ein Bildsignal von ge-
wohnlichem Licht aufnimmt, und das andere von
diesen ein Halbleiter-Abbildungsbauelement (9,
109) mit der Elektronenvervielfachungsfunktion ist
und ein Bildsignal von speziellem Licht aufnimmt.

Endoskopsystem nach Anspruch 1 oder 3, wobei
das Endoskop zwei Halbleiter-Abbildungsbauele-
mente aufweist, die in dessen distalen Teil einge-
baut sind, wobei eines der zwei Halbleiter-Abbil-
dungsbauelemente ein Halbleiter-Abbildungsbau-
element zum Aufnehmen eines Bildsignals von ge-
wdéhnlichem Licht ist und das andere von diesen ein
Halbleiter-Abbildungsbauelement zum Aufnehmen
eines Bildsignals von speziellem Licht ist.

Revendications

1.

Systéeme endoscopique (1) comprenant :

un endoscope (2, 102) comportant un dispositif
de formation d'images a état solide (9, 109) ;
une unité de traitement de signaux (4, 104)
adaptée pour traiter un signal émis en sortie par
ledit dispositif de formation d'images a état so-
lide (9, 109) ;

une unité de source lumineuse (22, 52, 63, 73,
103) adaptée pour irradier de la lumiére vers
un objet de sorte qu'une image de I'objet soit
projetée sur ledit dispositif de formation d'ima-
ges a état solide (9, 109), dans laquelle la sour-
ce lumineuse posséede différents modes d'irra-
diation lumineuse ; et

un moyen de commande de la sensibilité (12,
112) ;

caractérisé en ce que

les modes d'irradiation lumineuse de ladite
unité de source lumineuse (22, 52, 63, 73, 103)
comprennent un mode en lumiére ordinaire et un
mode en lumiére spéciale ;

ledit dispositif de formation d'images a état
solide (9, 109) posséde une sensibilité variable de-
vant étre modifiée en appliquant une pluralité d'im-
pulsions de commande de la sensibilité, les impul-
sions de commande de la sensibilité commandant
la vitesse de multiplication des électrons du dispo-
sitif de formation d'images a état solide (9, 109) ; et

ledit moyen de commande de la sensibilité
(12, 112) est adapté pour ajuster lesdites impul-
sions de commande de la sensibilité appliquées
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audit dispositif de formation d'images a état solide
(9,109) ;

dans lequel ledit moyen de commande de la
sensibilité (12, 112) est en outre adapté pour ajuster
lesdites impulsions de commande de la sensibilité
en fonction de ladite unité de source lumineuse (22,
52, 63, 73, 103) irradiant dans le mode en lumiére
normale ou dans le mode en lumiére spéciale.

Systéme endoscopique selon la revendication 1,
comprenant :

une unité de base (4, 22) comprenant

ladite unité de traitement de signaux (4, 104),
ladite unité de source lumineuse (22, 52, 63,
73, 103) et

ledit moyen de commande de la sensibilité (12,
112),

dans lequel divers types d'endoscope (2A,
2B, 2C) peuvent étre attachés librement a ladite uni-
té de base, chacun desdits types d'endoscope com-
prenant un dispositif de formation d'images a état
solide (9, 109) possédant une sensibilité variable
devant étre modifiée en appliquant ladite pluralité
d'impulsions de commande de la sensibilité a partir
dudit moyen de commande de la sensibilité (12,
112) ; et

dans lequel ledit moyen de commande de la
sensibilité (12, 112) est en outre adapté pour ajuster
lesdites impulsions de sensibilité en fonction dudit
type d'endoscope, en particulier en fonction de la
propriété dudit dispositif de formation d'images a
état solide (9, 109) respectif.

Systeme endoscopique selon la revendication 1,
dans lequel :

ladite unité de source lumineuse (52, 73, 103)
est adaptée pour irradier de la lumiére blanche
ou une lumiére d'une bande de longueur d'onde
spécifiée vers ledit objet ;

et dans lequel ledit systéme endoscopique
comprend en outre un moyen (23, 24 ; 25, 29)
adapté pour commuter une observation sous la
lumiére blanche ou une observation dans un
mode en lumiére ordinaire, et une observation
sous la lumiere de la bande de longueur d'onde
spécifiée ou une observation dans un mode en
lumiére spéciale.

4. Systéme endoscopique selon la revendication 1,

dans lequel :

ladite unité de source lumineuse est une unité
de source lumineuse a séquence de trames
(73, 122) adaptée pour irradier séquentielle-
ment de la lumiére vers un objet de sorte qu'une
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image de l'objet soit projetée sur ledit dispositif
de formation d'images a état solide (9, 109) ; et
ladite unité de traitement de signaux (4, 104)
comprend :

un moyen de prétraitement de signaux (17)
adapté pour traiter une sortie des signaux
a partir dudit dispositif de formation d'ima-
ges a état solide,

un moyen de synchronisation de signaux a
séquence de trames (18) adapté pour syn-
chroniser des composants de signaux a
séquence de trames sortis a partir dudit
moyen de prétraitement de signaux (17), et
un moyen de post-traitement de signaux
(19) adapté pour traiter un signal de sortie
dudit moyen de synchronisation (18) pour
produire un signal de télévision.

Systéme endoscopique selon la revendication 1 ou
3, dans lequel ledit moyen de commande de la sen-
sibilité (12, 112) est commandé sur la base d'un
quelconque parmi un signal de désignation sorti a
partir d'un moyen de désignation (135), un signal
d'information alimenté a partir d'un endoscope con-
necté (2, 2A, 2B, 2C, 102) et représentant une ca-
ractéristique de l'endoscope, un signal d'informa-
tion de mouvement sorti a partir de ladite unité de
source lumineuse (22, 52, 63, 73, 103), un signal
représentant une condition de commande pour ledit
dispositif de formation d'images a état solide, et un
signal de sortie de ladite unité de traitement de si-
gnaux (4, 104).

Systéme endoscopique selon la revendication 1 ou
3, dans lequel la forme d'onde des impulsions de
commande de la sensibilité est définie pour ledit
moyen de commande de la sensibilité (12, 112).

Systéme endoscopique selon la revendication 5,
dans lequel l'information représentant une caracteé-
ristique d'un endoscope connecté (2, 2A, 2B, 2C,
102) est au moins un parmi un nombre f pour I'en-
doscope et le nombre de fibres optiques constituant
un guide lumineux (15) étendu a travers l'endosco-

pe.

Systéme endoscopique selon la revendication 5,
dans lequel l'information de mouvement concer-
nant ladite unité de source lumineuse (22, 52, 63,
73, 103) est au moins une parmi une information
basée sur une quantité de lumiére émise a partir
d'une lampe (27) et une information basée sur un
diaphragme a iris (23).

Systeme endoscopique selon la revendication 5,
dans lequel la condition de commande pour ledit
dispositif de formation d'images a état solide (9,
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109) est adaptée au moins en fonction de I'état d'un
obturateur électronique ou d'une vitesse de lecture
de signaux de formation d'images.

Systéme endoscopique selon la revendication 1 ou
3, dans lequel une caractéristique d'un type d'en-
doscope connecté (2, 2A, 2B, 2C, 102) est entrée
au niveau d'un moyen d'entrée pour ajuster la sen-
sibilité dudit dispositif de formation d'images a état
solide (9, 109) par ledit moyen de commande de la
sensibilité (12, 112).

Systéme endoscopique selon la revendication 1 ou
3, dans lequel ladite unité de traitement de signaux
(4, 104) comprend un moyen qui, lorsqu'un signal
de sortie dudit dispositif de formation d'images a
état solide (9, 109) estinférieur a un seuil de tension
défini, amplifie un gain du signal de sortie.

Systéme endoscopique selon la revendication 1 ou
3, dans lequel ledit moyen de commande de la sen-
sibilité (12, 112) est compris dans ladite unité de
traitement de signaux (4, 104), et la sensibilité dudit
dispositif de formation d'images a état solide (9,
109) est définie sur la base d'un type d'endoscope
(2, 2A, 2B, 2C, 102) ou d'une propriété dudit dispo-
sitif de formation d'images a état solide.

Systéme endoscopique selon la revendication 1 ou
3, dans lequel ladite unité de source lumineuse (22,
52, 63, 73, 103) comprend un mécanisme d'ajuste-
ment de niveau lumineux réalisé avec un diaphrag-
me a iris (23).

Systéme endoscopique selon la revendication 1 ou
3, dans lequel ladite unité de source lumineuse (22,
52, 63, 73, 103) irradie de maniére séquentielle a
trames de la lumiére vers un objet, et un temps d'ex-
position pour I'observation dans le mode en lumiére
spéciale est rendu plus long que pour I'observation
dans le mode en lumiére ordinaire.

Systeme endoscopique selon la revendication 1 ou
3, dans lequelle mode en lumiére spéciale est défini
pour au moins une parmi une détection par auto-
fluorescence, une détection par fluorescence de
médicament, une détection par fluorescence indui-
te par infrarouge, et une détection par réflexion de
longueurs d'onde spécifiées.

Systéme endoscopique selon la revendication 1 ou
3, dans lequel ladite unité de source lumineuse (22,
52, 63, 73, 103) émet une lumiére

de longueurs d'onde se situant dans la plage
allant du spectre ultraviolet au spectre bleu pour la
détection en mode en lumiére spéciale,

dans le spectre ultraviolet,

dans le spectre bleu,
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de bandes de longueurs d'onde spécifiées
dans le spectre visible pour un diagnostic de médi-
cament photodynamique,

de bandes de longueurs d'onde spécifiées se
situant dans la plage allant du spectre visible au
spectre en proche infrarouge, ou

de bandes de longueurs d'onde dans le spec-
tre en proche infrarouge pour la détection par fluo-
rescence.

Systéme endoscopique selon la revendication 1 ou
3, dans lequel ledit endoscope (2, 102) estd'un type
a séquence de trames.

Systéme endoscopique selon la revendication 1 ou
3, dans lequel ledit endoscope comporte deux dis-
positifs de formation d'images a état solide intégrés
dans la partie distale de celui-ci, I'un des deux dis-
positifs de formation d'images a état solide est un
dispositif de formation d'images a état solide ne
possédant pas de fonction de multiplication d'élec-
trons mais recueillant un signal d'image a partir de
la lumiere ordinaire, et l'autre est un dispositif de
formation d'images a état solide (9, 109) possédant
la fonction de multiplication d'électrons et re-
cueillant un signal d'image a partir de la lumiere
spéciale.

Systéme endoscopique selon la revendication 1 ou
3, dans lequel ledit endoscope comporte deux dis-
positifs de formation d'images a état solide intégrés
dans la partie distale de celui-ci, I'un des deux dis-
positifs de formation d'images a état solide est un
dispositif de formation d'images a état solide pour
recueillir un signal d'image a partir de la lumiere or-
dinaire, et l'autre est un dispositif de formation
d'images a état solide pour recueillir un signal
d'image a partir de la lumiere spéciale.
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