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(54) ENDOSCOPE DEVICE

(57) An object of the present invention is to provide
an endoscope apparatus capable of acquiring an image
which is easy to observe while realizing downsizing. For
the above object, the endoscope apparatus is provided
with: an image pickup unit 9 including a plurality of image
pickup devices 31 and 32, and an optical path dividing
section 34 for dividing a light beam entering from an ob-
jective lens 33 and leading the divided light beams to the
respective plurality of image pickup devices, in which op-
tical path lengths OLP1 and OLP2 of the plurality of light

beams to be lead to the plurality of image pickup devices
are caused to be different from each other; a contrast
comparing section 43 for comparing contrasts of a plu-
rality of images based on a plurality of image signals out-
putted from the plurality of image pickup devices, respec-
tively; and an image selecting section 20 for selecting
and outputting only an image signal from one image pick-
up device among the plurality of image pickup devices,
on the basis of a result of the comparison by the contrast
comparing section.
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Description

Technical Field

[0001] The present invention relates to an electronic
endoscope apparatus which performs photoelectric con-
version of an optical image formed by an image pickup
optical system with an image pickup device to output an
electronic image signal.

Background Art

[0002] Recently, in a medical field or an industrial field,
an electronic endoscope apparatus has been widely and
generally put to practical use which is provided with an
image pickup unit constituted by an image pickup optical
system, an image pickup device and the like, at a distal
end portion of an elongated insertion portion, and con-
figured to be capable of displaying an image of a subject
on a display device and observing the image by perform-
ing photoelectric conversion of an optical image formed
by the image pickup optical system with the image pickup
devices and outputting an electronic image signal to the
display device. An endoscope apparatus for the medical
field is configured such that observation and the like in-
side a body cavity can be performed by inserting the in-
sertion portion into a body from an oral cavity, an anus
or the like. Further, an endoscope apparatus for the in-
dustrial field is configured such that internal observation
and the like can be performed by inserting the insertion
portion into a pipework of plant facilities, such as a boiler,
an inside of an engine or the like.
[0003] There is a remarkable tendency that the number
of pixels of an image pickup device adopted for an en-
doscope apparatus of this kind is increased for the pur-
pose of improving image quality and resolution of an ac-
quired image. Therefore, it becomes possible to improve
resolution and obtain a high-quality image by increase in
the number of pixels of an image pickup device, but there
is a tendency that depth of field (depth of observation) is
shallower.
[0004] For example, Fig. 15 shows conceptual dia-
grams of an image pickup unit of a conventional endo-
scope apparatus. Between the diagrams, Fig. 15(A) is a
conceptual diagram showing a state in which a subject
at a near point is focused (a focused state). Further, Fig.
15(B) is a conceptual diagram showing a state in which
a subject at a far point is focused (a focused state).
[0005] As shown in Fig. 15, an image pickup unit 109
is mainly configured with an image pickup objective lens
133 which forms optical images of subjects 101 (e and
k) and an image pickup device 131 which receives an
optical image formed by the image pickup objective lens
133 and performs photoelectric conversion to generate
an image signal. An optical axis O of the image pickup
objective lens 133 is set so as to almost correspond to a
center of a light receiving plane 131b of the image pickup
device 131. A color filter which optically performs color

separation is arranged on a front of a light receiving por-
tion 131a of the image pickup device 131.
[0006] It is assumed that, in the image pickup unit 109
in such a configuration, as shown in, for example, Fig.
15(A) a setting is made so that an optical image of the
subject 101k existing at a near point (a short-distance
position) is formed on the light receiving plane 131 b of
the image pickup device 131 in a focused state. A dis-
tance, that is, an optical path length from the image pick-
up objective lens 133 to the light receiving plane 131b (a
plane denoted by reference symbol k in Fig. 15(A)) of the
image pickup device 131 at this time, is denoted by ref-
erence symbol OPL1. In this setting state, an optical im-
age of the subject 101e existing at a far point (a long-
distance position) exists at a position denoted by refer-
ence symbol k. A blurred state occurs on the light receiv-
ing plane 131 b of the image pickup device 131.
[0007] On the other hand, in order to cause the optical
image of the subject 101e existing at the far point (the
long-distance position) to be in a focused state on the
light receiving plane 131b of the image pickup device
131, it is necessary to move the light receiving plane 131b
of the image pickup device 131 from the state shown in
Fig. 15(A) to a position near to the image pickup objective
lens 133 in a direction along the optical axis O, that is, a
position corresponding to a plane denoted by reference
symbol e as shown in Fig. 15(B). A distance from the
image pickup objective lens 133 to the light receiving
plane 131b (a plane denoted by reference symbol k in
Fig. 15(B)) of the image pickup device 131 is an optical
path length OPL2. That is, the near-point optical path
length OPL1>the far-point optical path length OPL2 is
satisfied.
[0008] As seen from the above, there is a problem that,
when, in an image acquired using an endoscope appa-
ratus provided with a conventional image pickup unit, a
distance from the image pickup unit itself to a subject to
be observed is set so that vicinity of a near point is fo-
cused, a focused state is not obtained at a far point where
the distance to the subject is long, so that it becomes
impossible to cause a whole screen to be in a focused
state, and an area in a blurred state of not being focused
is conspicuous in the screen. In order to solve the prob-
lem, it is only necessary to perform focus adjustment for
changing a distance between the objective lens and the
image pickup device on the optical axis according to the
distance to the subject as described above. In order to
perform the focus adjustment, however, a focus adjust-
ment mechanism for causing the objective lens or the
image pickup device to travel forward and backward on
the optical axis is required, and complicatedness and up-
sizing of the apparatus cannot be avoided. Therefore,
such means is not means suitable for an endoscope ap-
paratus for which downsizing is demanded.
[0009] Therefore, for the conventional endoscope ap-
paratus, various devices for configuring the endoscope
apparatus such that an image can be acquired in which
a focused state is obtained at a near point and a far point
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without providing the focus adjustment mechanism are
proposed, for example, by Japanese Patent Application
Laid-Open Publication No. 11-197097.
[0010] An endoscope apparatus disclosed by Japa-
nese Patent Application Laid-Open Publication No.
11-197097 and the like is such that an optical path of a
light flux which has passed through an objective lens is
separated by a prism so that the separated light fluxes
are caused to enter an image pickup device for a far point
and an image pickup device for a near point set to differ-
ent optical path lengths, and an image signal outputted
from each of the image pickup device is acquired. Due
to the configuration, in the endoscope apparatus dis-
closed by Japanese Patent Application Laid-Open Pub-
lication No. 11-197097, a plurality of images focused at
different distances can be simultaneously picked up and
displayed.
[0011] In the endoscope apparatus disclosed by Jap-
anese Patent Application Laid-Open Publication No.
11-197097 and the like, however, a plurality of images
focused at different distances can be simultaneously
picked up and displayed, and its purpose is intended, for
example, to perform two-screen display. That is, each of
the plurality images acquired by the means by Japanese
Patent Application Laid-Open Publication No. 11-197097
is still an image in which an area in a blurred state of not
being focused is conspicuous in a screen, and there is a
problem that the means is not configured such that one
image in which a focused state is secured on the whole
screen is acquired.
[0012] The present invention has been made in view
of the point described above, and an object thereof is to
provide an endoscope apparatus provided with an image
pickup unit adopting image pickup devices capable of
obtaining a high-resolution image due to increase in the
number of pixels and configured to be able to secure a
wider area where a whole screen is in a focused state in
one image and acquire an image which is easy to observe
while realizing downsizing.

Disclosure of Invention

Means for Solving the Problem

[0013] In order to achieve the above object, an endo-
scope apparatus of one aspect of the present invention
includes: an image pickup unit including a plurality of im-
age pickup devices and optical path dividing means for
dividing a light beam entering from an objective lens and
leading the optical paths to the respective plurality of im-
age pickup devices, wherein optical path lengths of a
plurality of light beams to be lead to the plurality of image
pickup devices are different from one another; contrast
comparing means for comparing contrasts of a plurality
of images based on a plurality of image signals outputted
from the plurality of image pickup devices, respectively;
and image selecting means for selecting and outputting
only an image signal from one image pickup device

among the plurality of image pickup devices, on the basis
of a result of the comparison by the contrast comparing
means.
[0014] According to the present invention, it is possible
to provide an endoscope apparatus provided with an im-
age pickup unit adopting image pickup devices capable
of obtaining a high-resolution image due to increase in
the number of pixels and configured to be able to secure
a wider area where a whole screen is in a focused state
in one image and acquire an image which is easy to ob-
serve while realizing downsizing.

Brief Description of the Drawings

[0015]

Fig. 1 is a diagram showing a schematic configura-
tion of an endoscope apparatus of a first embodiment
of the present invention;
Fig. 2 is a diagram showing a schematic configura-
tion of an image pickup unit arranged in a distal end
portion of an insertion portion of an endoscope in the
endoscope apparatus of Fig. 1;
Fig. 3 is a block configuration diagram showing only
(image-processing-circuit-related) components re-
lated to the present invention in an internal configu-
ration of a processor unit in the endoscope apparatus
of Fig. 1;
Fig. 4 is a diagram showing an outline of an image
pickup unit in an image pickup unit in an endoscope
apparatus of a second embodiment of the present
invention;
Fig. 5 is a diagram showing an outline of an image
pickup unit in an endoscope apparatus of a third em-
bodiment of the present invention;
Fig. 6 is a diagram showing an outline of an image
pickup unit in an endoscope apparatus of a fourth
embodiment of the present invention;
Fig. 7 is a block configuration diagram showing only
(image-processing-circuit-related) components re-
lated to the present invention in an internal configu-
ration of a processor unit in the endoscope apparatus
of Fig. 6;
Fig. 8 is a diagram showing an outline of an image
pickup unit in an endoscope apparatus of a fifth em-
bodiment of the present invention;
Fig. 9 is a diagram showing an outline of an internal
configuration of a distal end portion of an insertion
portion of an endoscope in an endoscope apparatus
of a sixth embodiment of the present invention;
Fig. 10 is a schematic front view when the distal end
portion of the insertion portion of the endoscope of
Fig. 9 is seen from a front;
Fig. 11 is a schematic diagram showing a schematic
shape of a polarization filter applied to an image pick-
up unit of the endoscope apparatus of Fig. 9;
Fig. 12 is a diagram showing an outline of an internal
configuration of a distal end portion of an insertion
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portion of an endoscope in an endoscope apparatus
of a seventh embodiment of the present invention;
Fig. 13 is a schematic front view when the distal end
portion of the insertion portion of the endoscope of
Fig. 12 is seen from a front;
Fig. 14 is a front view showing a schematic shape
of a visual field diaphragm plate applied to an image
pickup unit of the endoscope apparatus of Fig. 12;
and
Fig. 15 shows a concept of an image pickup unit of
a conventional endoscope apparatus, and Fig. 15(A)
and Fig. 15(B) are a conceptual diagram showing a
state in which a subject existing at a near point is
focused (a focused state) and a state in which a sub-
ject existing at a far point is focused (a focused state),
respectively.

Best Mode for Carrying Out the Invention

[0016] The present invention will be described below
by embodiments shown in drawings.
[0017] Note that, in each drawing used in the following
description, each component may be shown with a dif-
ferent scale so that each component may be of a size
enough to be recognized on the drawing. Therefore, the
present invention is not limited to the number of compo-
nents, shapes of the components, ratio of sizes of the
components and relative positional relationships among
the respective components of the embodiments shown
on the drawings.

[First embodiment]

[0018] First, a schematic configuration of an endo-
scope apparatus of a first embodiment of the present
invention will be described. Fig. 1 is a diagram showing
the schematic configuration of the endoscope apparatus
of the first embodiment of the present invention.
[0019] As shown in Fig. 1, the endoscope apparatus
of the present embodiment is mainly configured with an
endoscope 1, a processor unit 20, a display device 21
which is an output device, a light source device 22 and
the like.
[0020] The endoscope 1 is mainly configured with an
insertion portion 2, an operation portion 3, a universal
cable 4 and the like.
[0021] The insertion portion 2 is a long member in an
elongated shape to be inserted into an examinee’s body
cavity to be an observation target. The insertion portion
2 is configured by connecting a distal end portion 6, a
bending portion 7 and a flexible tube portion 8 in that
order from a distal end side. Inside the distal end portion
6, an illumination optical system (not shown) which emits
and diffuses an illuminating light from the light guide (not
shown) or the like, from a front, and an image pickup unit
9 provided with an image pickup optical system (an ob-
jective lens 33A), a plurality of image pickup devices 31
and 32 (see Fig. 2 and the like to be described later) and

the like are included. The bending portion 7 is configured
so that it bends, for example, in four directions, up and
down, left and right. The flexible tube portion 8 is consti-
tuted by a long, flexible tube-shape member. The oper-
ation portion 3 is connected to a proximal end portion of
the insertion portion 2.
[0022] The proximal end portion of the insertion portion
2 is coupled with and fixed to a distal end side of the
operation portion 3 via a bend preventing member 10. At
a part near a distal end of the operation portion 3, a treat-
ment instrument insertion opening 13 for causing, for ex-
ample, a treatment instrument or the like to be inserted
into the insertion portion 2 is provided.
[0023] A bending operation portion 14, an air/water
feeding button 16, a suction button 17, and a plurality of
operation members 15 including operation buttons and
the like for performing other various operations, and the
like are arranged on an outer surface of the operation
portion 3.
[0024] Among these, bending operation knobs 14a
and 14b for performing a bending operation of, for exam-
ple, the bending portion 7 of the insertion portion 2 are
arranged on the bending operation portion 14. Such a
configuration is made that, by a user appropriately per-
forming a rotation operation of each of the bending op-
eration knobs 14a and 14b, a bending wire (not shown)
inserted through the insertion portion 2 from the operation
portion 3, connected to the bending portion 7 is pulled
and loosened. The bending portion 7 is bent in vertical
and horizontal directions in response to the operation.
For example, in addition to a release switch, a freeze
switch and the like, an observation mode switching switch
for performing a switching operation between normal ob-
servation and special observation, and the like are in-
cluded in the plurality of operation members 15. The uni-
versal cable 4 extends from a lateral side of the operation
portion 3.
[0025] The light guide, various signal lines, a power
supply line and the like (not shown) are insertedly ar-
ranged inside the universal cable 4. These light guide,
various signal lines, power supply line and the like (not
shown) are inserted through insides of the universal ca-
ble 4, the operation portion 3 and the insertion portion 2,
and their end portions reach the distal end portion 6 of
the insertion portion 2. At a distal end portion of the uni-
versal cable 4, an endoscope connector 5 is arranged.
[0026] The endoscope connector 5 can be freely at-
tached to or detached from the processor unit 20, which
is an external device, and is configured so that electrical
connection is secured between the endoscope connector
5 and the processor unit 20 when the endoscope con-
nector 5 is connected to the processor unit 20. Further,
the endoscope connector 5 is adapted such that a cable
(not shown; an optical fiber cable and the like are inserted
therein) extending from the light source device 22 is con-
nected. Configuration is such that, when the cable is con-
nected to the endoscope connector 5, a light emitted from
the light source device 22 reaches the distal end portion
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6 through the light guide (not shown) inserted through
the universal cable 4, the operation portion 3 and the
insertion portion 2 via the cable and the endoscope con-
nector 5 to emit an illuminating light from a distal end face
in a forward direction.
[0027] The processor unit 20 is a control unit provided
with a control circuit which performs various image signal
processing in response to an output signal from the image
pickup unit 9 of the endoscope 1 and performs general
control of the endoscope 1. As described above, the proc-
essor unit 20 is connected to the universal cable 4 via
the endoscope connector 5.
[0028] The display device 21, which is an output de-
vice, is electrically connected to the processor unit 20,
and it is a configuration unit provided with a display panel
which displays an image in response to an image signal
for display outputted from the processor unit 20, and the
like.
[0029] The light source device 22 is connected to the
universal cable 4 via the cable (not shown) and the en-
doscope connector 5, and it is a configuration unit to be
a light source of an illuminating light to be emitted from
a distal end front of the insertion portion 2 via the light
guide inserted through the insides of the universal cable
4, the operation portion 3 and the insertion portion 2.
[0030] In the endoscope apparatus of the present em-
bodiment, various components exist in addition to the
configuration members, configuration units and the like
described above. However, since the other components
are not directly related to the present invention, descrip-
tion and illustration thereof are omitted on an assumption
that components similar to those used in a conventional
general endoscope apparatus are applied as the com-
ponents.
[0031] Description will be made below on a configura-
tion of the image pickup unit 9 arranged in the distal end
portion 6 of the insertion portion 2 of the endoscope 1 in
the endoscope apparatus of the present embodiment
configured as described above. Fig. 2 is a diagram show-
ing a schematic configuration of the image pickup unit
arranged in the distal end portion of the insertion portion
of the endoscope in the endoscope apparatus of the
present embodiment. Note that Fig. 2 also shows a state
at the time of causing the image pickup unit to face sub-
jects (101e and 101k) to be observation targets.
[0032] The image pickup unit 9 applied to the endo-
scope apparatus of the present embodiment is mainly
configured with the objective lens 33A, two prisms (34
and 35), two image pickup devices (31 and 32), a high-
refractive optical device 39 and the like as shown in Fig. 2.
[0033] The objective lens 33A is configured with a plu-
rality of optical lenses (a first lens 33a and a second lens
33b), lens barrel members (not shown) holding the plu-
rality of optical lenses, and the like, and it is a configura-
tion unit forming an image pickup optical system of the
image pickup unit 9. Note that the first lens 33a of the
objective lens 33A is arranged facing an observation win-
dow (not shown) formed on a distal end face of the distal

end portion 6 of the insertion portion 2 of the endoscope
1. Due to the configuration, a light flux from a subject
enters the objective lens 33A.
[0034] On an optical axis O of the objective lens 33A
and behind the objective lens 33A, the first prism 34 is
arranged which is optical path dividing means for causing
a light flux from a subject transmitted through the objec-
tive lens 33A to come in and dividing the incident light in
a direction orthogonal to the optical axis O and a direction
along the optical axis O and which is a first half prism.
Therefore, the first prism 34 is formed having a plane of
incidence 34a, a half mirror plane 36 and a plane of emis-
sion 34b.
[0035] The plane of incidence 34a of the first prism 34
is a plane which a light flux from a subject enters, and it
is formed facing the objective lens 33A and formed by a
plane parallel to a plane orthogonal to the optical axis O.
[0036] The half mirror plane 36 of the first prism 34 is
formed having an inclination angle of about 45 degrees
relative to the plane of incidence 34a, and reflectance of
the half mirror plane 36 is set such that 50% or more of
a quantity of light of the light flux from the subject is re-
flected in the direction orthogonal to the optical axis O
while a remaining quantity of light is transmitted in the
direction along the optical axis O.
[0037] That is, the half mirror plane 36 plays a role of
dividing a light flux from a subject and leading a part of
the light flux (50% or more of a quantity of light) to a light
receiving plane 32b of the second image pickup device
32 to be described later while leading a remaining part
of the light flux to a light receiving plane 31b of the first
image pickup device 31 to be described later.
[0038] The plane of emission 34b of the first prism 34
is a plane from which a reflected light bent by an angle
of about 90 degrees by the half mirror plane 36 is emitted
and is formed by a plane parallel to the optical axis O.
[0039] The second image pickup device 32 is arranged
on an optical path of the reflected light bent by the angle
of about 90 degrees by the half mirror plane 36. The light
receiving plane 32b of the second image pickup device
32 is arranged such that it faces the plane of emission
34b. That is, the second image pickup device 32 is ar-
ranged at a position of receiving a part of a light flux emit-
ted from the first prism 34 (a light reflected from the half
mirror plane 36).
[0040] On the other hand, the second prism 35 is ar-
ranged on an optical path of a transmitted light which is
transmitted through the half mirror plane 36 and emitted
backward along the optical axis O. The second prism 35
plays a role of leading a light flux transmitted through the
half mirror plane 36 backward along the optical axis O.
Therefore, the second prism 35 is formed having a plane
of incidence 35a which is in contact with the half mirror
plane 36 of the first prism 34 and a plane of emission 35b
parallel to the plane orthogonal to the optical axis O. The
first image pickup device 31 is arranged behind the sec-
ond prism 35 on an optical path of a light flux transmitted
through the half mirror plane 36. The light receiving plane
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31b of the first image pickup device 31 is arranged such
that it faces the plane of emission 35b. Therefore, the
first image pickup device 31 is arranged at a position of
receiving a light flux emitted from the second prism 35.
[0041] The high-refractive optical device 39 is ar-
ranged being sandwiched between the plane of emission
35b of the second prism 35 and the first image pickup
device 31. The high-refractive optical device 39 is an op-
tical member arranged in order to shorten an optical path
length and is an optical member with a high refractive
index. By arranging the high-refractive optical device 39,
it is possible to set a linear dimension of a rigid part at
the distal end portion 6 of the insertion portion 2 of the
endoscope 1 short, which contributes to downsizing of
the distal end portion 6.
[0042] Flexible printed circuits (FPCs) 37 and 38 are
electrically connected to the image pickup devices 31
and 32, respectively. Such a configuration is made that
image signals generated by the respective image pickup
devices 31 and 32 are transmitted from the FPCs 37 and
38 to the processor unit 20 in the end via a signal cable
(not shown) inserted through the insertion portion 2, the
operation portion 3 and the universal cable 4.
[0043] Note that, as the first and second image pickup
devices 31 and 32, a photoelectric conversion device
which is a solid-state image pickup device, such as a
CCD image sensor using a circuit device such as a CCD
(charge coupled device) or a MOS-type image sensor
using a CMOS (complementary metal oxide semicon-
ductor) or the like may be applied. Each of the two image
pickup devices 31 and 32 is provided with a color filter
on its light receiving plane and is configured to be capable
of outputting a signal of a color image.
[0044] Here, a distance (an optical path length OPL1)
from a front of the first lens 33a of the objective lens 33A
to the light receiving plane 31b of the first image pickup
device 31 and a distance (an optical path length OPL2)
from the front of the first lens 33a of the objective lens
33A to the light receiving plane 32b of the second image
pickup device 32 are set so that OPL1>OPL2 is satisfied.
That is, optical path lengths of a plurality of light beams
to be led to the plurality of image pickup devices are set
to be mutually different.
[0045] Therefore, the first image pickup device 31 ar-
ranged on a side for which a setting is made so that a
relatively long optical path length (the first optical path
length OPL1) is obtained is an image pickup device for
a near point capable of obtaining an image for the near
point, that is, an image in which the subject 101k existing
at the near point is focused. Further, the second image
pickup device 32 arranged on a side for which a setting
is made so that a relatively short optical path length (the
second optical path length OPL2) is obtained is an image
pickup device for a far point capable of obtaining an im-
age for the far point, that is, an image in which the subject
101e existing at the far point is focused.
[0046] In other words, the different two optical path
lengths (OLP1 and OLP2) are set so that images of ob-

jects positioned at mutually different object distances (a
far point and a near point), respectively, are formed on
the plurality of image pickup devices 31 and 32, respec-
tively.
[0047] Note that, it is assumed in the description of the
present embodiment that, when the word "near point" is
used, it is, for example, a case where a distance from
the front of the first lens 33a of the objective lens 33A
(referred to as a first object distance) is shorter than 20
mm. In the example shown in Fig. 2, it is assumed that
the following is satisfied: a distance L1 to the subject
101k near the objective lens 33A (existing at a position
at a short distance) = shorter than 20 mm. On the other
hand, it is similarly assumed in the description of the
present embodiment that, when the word "far point" is
used, it is, for example, a case where a distance from
the front of the first lens 33a of the objective lens 33A
(referred to as a second object distance) is 20 mm or
longer. In the example shown in Fig. 2, it is assumed that
the following is satisfied: a distance L2 to the subject
101e existing at a position at a longer distance than the
objective lens 33A = 20 mm or longer.
[0048] In the image pickup unit 9 in the endoscope ap-
paratus of the present embodiment configured as de-
scribed above, a light flux which enters the objective lens
33A from a subject side and transmitted straight is divided
in two directions by the half mirror plane 36 of the first
prism 34. One of the divided light fluxes is bent by an
angle of 90 degrees on the half mirror plane 36, and an
image is formed on the light receiving plane 32b of the
first image pickup device 32. At this time, the image
formed on the light receiving plane 32b of the second
image pickup device 32 is an image in which the subject
101e at the far point is focused, and the subject 101k at
the near point is in a state of being out of focus (being
blurred). The other divided light flux is transmitted straight
through the half mirror plane 36, and an image is formed
on the light receiving plane 31b of the first image pickup
device 31. At this time, the image formed on the light
receiving plane 31b of the first image pickup device 31
is an image in which the subject 101k at the near point
is focused, and the subject 101e at the far point is in a
state of being out of focus (being blurred).
[0049] In a usual case, there is a tendency that lumi-
nance in an image of a subject at a far point becomes
lower in comparison with a subject at a near point. In
consideration thereof, in the image pickup unit 9 in the
present embodiment, the half mirror plane 36 is set so
that 50% or more of a quantity of light of a light flux from
a subject is led to a side of the second image pickup
device 32 for a far point as described above. That is, due
to the configuration, a quantity of light led to the side of
the second image pickup device 32 for a far point is set
to be larger than a quantity of light led to a side of the
first image pickup device 31 for a near point. Therefore,
it is desirable to, by adjusting the setting of the half mirror
plane 36, make a setting so that an image for a near point
on the basis of an image signal acquired by the first image
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pickup device 31 for a near point and an image for a far
point on the basis of an image signal acquired by the
second image pickup device 32 for a far point become
images with almost equal brightness.
[0050] In this way, two kinds of image signals from the
respective image pickup devices 31 and 32 are outputted
from the image pickup unit 9. These output signals (image
signals) are transmitted to the processor unit 20 as de-
scribed above. In response to input of the image signals,
the processor unit 20 executes necessary image
processing.
[0051] Here, an image-processing-circuit-related con-
figuration in an internal configuration of the processor
unit 20 will be described briefly. Fig. 3 is a block config-
uration diagram showing only (image-processing-circuit-
related) components related to the present invention in
the internal configuration of the processor unit in the en-
doscope apparatus of the present embodiment.
[0052] As shown in Fig. 3, the processor unit 20 in the
endoscope apparatus of the present embodiment is pro-
vided with an image processing circuit 41 for a near point,
an image processing circuit 42 for a far point, a contrast
comparing circuit 43, an image switching switch 44 and
the like.
[0053] The image processing circuits 41 and 42 are
configured having image constructing circuits 41a and
42a, contrast detectors 41b and 42b and the like. The
image constructing circuits 41 a and 42a are circuit units
which, in response to an image signal outputted from the
image pickup unit 9 of the endoscope 1, constructs an
image and perform signal processing for generating, for
example, an image signal for display in a form appropriate
for display. The contrast detectors 41b and 42b are circuit
units which, in response to an image signal outputted
from the image pickup unit 9 of the endoscope 1, detects
a high-contrast part in an image.
[0054] The contrast comparing circuit 43 is a circuit
unit which, in response to an output from the contrast
detector 41b for a near point and an output from the con-
trast detector 42b for a far point, compares both outputs.
That is, the contrast comparing circuit 43 is contrast com-
paring means for comparing contrasts of a plurality of
images based on a plurality of image signals outputted
from the plurality of image pickup devices (31 and 32).
[0055] The image switching switch 44 is a switching
member for selectively outputting one of outputs from the
two image pickup devices 31 and 32 to an output device
(the display device 21). For the purpose, the image
switching switch 44 intervenes between the image con-
structing circuits 41a and 42a and the display device 21
which is an output device. The image switching switch
44 is controlled by the processor unit 20. That is, the
processor unit 20 performs switching control of the image
switching switch 44 in response to an output signal of a
contrast comparison result from the contrast comparing
circuit 43 (the contrast comparing means) and selectively
outputs only an image signal from one of the plurality of
image pickup devices (31 and 32) (for example, an image

signal of an image with a highest contrast) to the display
device 21. In this case, the processor unit 20 functions
as image selecting means.
[0056] Therefore, due to such a configuration, the proc-
essor unit 20 is configured so as to, when receiving an
output from the image pickup unit 9, construct an image
signal for display and, at the same time, perform switch-
ing control of the image switching switch 44 on the basis
of an output of the contrast comparing circuit 43 (a con-
trast comparison result), and selectively output either an
output signal from the image constructing circuit 41 a for
a near point (an image signal for a near point) or an output
signal from the image constructing circuits 42a for a far
point (an image signal for a far point) to the display device
21.
[0057] Here, there is a tendency that a contrast of an
image in which a subject is focused is high while a con-
trast is low in a state of being out of focus (being blurred).
Therefore, the processor unit 20 always compares con-
trast of respective image signals of the first image pickup
device 31 and the second image pickup device 32, se-
lects an image signal with a higher contrast, outputs the
image signal to the display device 21 and performs con-
trol to cause the display device 21 to display the image
signal on its display screen.
[0058] As described above, according to the first em-
bodiment, the image pickup unit 9 is provided with the
first prism 34 provided with the half mirror plane 36 which
divides a light flux which enters the objective lens 33A
from a subject side and is transmitted straight in two di-
rections and the two image pickup devices 31 and 32
which receive the two respective light fluxes divided by
the half mirror plane 36 and is configured to be able to,
by appropriately setting an optical path length of each of
the two light fluxes divided by the half mirror plane 36,
acquire two image signals, that is, an image signal indi-
cating an image in which a far point (a distance to the
subject: 20 mm or longer) is focused and an image signal
indicating an image in which a near point (a distance to
the subject: shorter than 20 mm) is focused. The proc-
essor unit 20 is configured so as to, for the two image
signals acquired by the image pickup unit 9, automatically
compare contrasts thereof, output an image with a high
contrast and cause the display device 21 to display the
image.
[0059] Thereby, it is always possible to cause an image
in a state of being focused to be displayed by the display
device 21. Further, it is possible to acquire an image sig-
nal for a near point and an image signal for a far point
without moving the image pickup optical system, the im-
age pickup devices and the like in an optical axis direc-
tion. That is, it is possible to eliminate necessity of a com-
plicated configuration including a driving source such as
an actuator and the like, a movable mechanism and the
like and enable a simpler configuration, it is possible not
only to contribute to improvement of durability and relia-
bility of the apparatus but also to realize downsizing of
the apparatus.
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[0060] Furthermore, in the image pickup unit 9 in the
present embodiment, the reflectance of the half mirror
plane 36 is set so that 50% or more of a quantity of light
of a light flux from a subject is led to the side of the second
image pickup device 32 for a far point. Due to the con-
figuration, it is possible to make a setting so that an image
for a near point on the basis of an image signal acquired
by the first image pickup device 31 for a near point and
an image for a far point on the basis of an image signal
acquired by the second image pickup device 32 for a far
point become images with almost equal brightnesses.
Therefore, it is possible to conduct observation by a dis-
play image with a favorable brightness irrespective of a
distance to a subject.
[0061] Since such a configuration is made that a light
flux from a subject is radiated to the first image pickup
device 31 for a near point via the two prisms 34 and 35,
there is a tendency that a rigid length of the distal end
portion 6 of the insertion portion 2 of the endoscope 1
becomes long. Therefore, in the present embodiment, it
is devised to shorten an optical path length by arranging
the high-refractive optical device 39 between the plane
of emission 35b of the second prism 35 and the first image
pickup device 31. Thus, since the high-refractive optical
device 39 is provided, it is possible to prevent the rigid
length from being long and, therefore, contribute to down-
sizing of the distal end portion 6.
[0062] At the time of arranging the plurality of image
pickup devices (two in this example) inside the distal end
portion 6, it is possible to arrange the two image pickup
devices at positions away from each other by providing
one on an optical path corresponding to the optical axis
O of the image pickup optical system and providing the
other on an optical path orthogonal to the optical axis O
of the image pickup optical system. Therefore, in com-
parison with a configuration in which a plurality of (two)
image pickup devices are arranged, for example, side by
side, it is possible to prevent the distal end portion 6 from
being upsized in a diameter direction. Further, it is pos-
sible to efficiently distribute arrangements of the flexible
printed circuits which are extended from the two image
pickup devices, respectively, and on which a lot of various
electric members are implemented and arranged, and,
therefore, prevent the apparatus from being upsized.
[0063] In the first embodiment described above, an ex-
ample is shown in which, in response to output of two
image signals from the two image pickup devices 31 and
32 of the image pickup unit 9, the processor unit 20 au-
tomatically compares contrasts, and performs control to
select an image signal with a higher contrast and output
the image signal to the display device 21.
[0064] In addition to the configuration example of au-
tomatically selecting an appropriate image and causing
the image to be displayed as described above, a config-
uration as shown below may be also adopted. That is, in
response to output of two image signals from the two
image pickup device 31 and 32 of the image pickup unit
9, the processor unit 20 causes two images to be dis-

played on the display screen of the output device (the
display device 21). Such a configuration is made that the
user can arbitrarily perform display switching, for exam-
ple, among displaying one of the two images being dis-
played, on the full screen of the display device 21, dis-
playing the other similarly, and the like. That is, a config-
uration is also possible in which, at the time of causing
two images based on two image signals acquired by the
two image pickup device 31 and 32 of the image pickup
unit 9 to be displayed, switching can be performed with
the user’s intension among display forms, such as a form
of causing the two images to be simultaneously dis-
played, a form of causing only one image to be displayed,
and a form of causing only the other image to be dis-
played.
[0065] Further, though a configuration example is
shown in which the image pickup unit 9 is provided with
the two image pickup device 31 and 32 in the first em-
bodiment described above, such a configuration exam-
ple is not limiting. For example, a configuration example
is also conceivable in which the number of image pickup
devices to be arranged is three or more. In this case, it
is possible to easily cope with the configuration, for ex-
ample, by further adding half prisms, which are optical
path dividing means for dividing a light flux which enters
the image pickup unit 9.

[Second embodiment]

[0066] Next, a second embodiment of the present in-
vention will be described. A configuration of the present
embodiment is basically almost similar to that of the first
embodiment described above but is slightly different only
in a configuration of an objective lens constituting an im-
age pickup optical system of an image pickup unit. There-
fore, components similar to those of the first embodiment
described above are given same reference symbols, and
detailed description thereof will be omitted. Only different
parts will be described below.
[0067] Fig. 4 is a diagram showing an outline of the
image pickup unit in an endoscope apparatus of the sec-
ond embodiment of the present invention. As shown in
Fig. 4, in an image pickup unit 9A in the endoscope ap-
paratus of the present embodiment, a so-called zoom-
type objective lens capable of performing a magnification
changing operation is applied as an objective lens 33B,
which is an image pickup optical system. The objective
lens 33B is configured with a first lens 33a and a second
lens 33b fixedly arranged in the image pickup unit 9A, a
plurality of optical lens groups, such as a zoom lens sys-
tem 33c arranged to freely move forward and backward
in an optical axis O direction (a direction of an arrow A
shown in Fig. 4) relative to the first lens 33a and the sec-
ond lens 33b, a driving mechanism and a driving source
(neither of them is shown) for appropriately causing the
zoom lens system 33c to move forward or backward in
the optical axis O direction on the basis of a predeter-
mined operation instruction (a manual operation instruc-
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tion or an automatic operation instruction), and the like.
Other components are similar to those of the first em-
bodiment described above.
[0068] As described above, according to the second
embodiment, advantages quite similar to those of the first
embodiment described above can be also obtained in
the endoscope apparatus adopting the image pickup unit
9A to which the objective lens 33B, which is a zoom-lens-
type photographing optical system, is applied.

[Third embodiment]

[0069] Next, a third embodiment will be described. A
configuration of the present embodiment is basically al-
most similar to that of the second embodiment described
above. In the configuration of the present embodiment,
three images corresponding to distances to subjects can
be simultaneously acquired by providing three image
pickup devices for an image pickup unit as shown in Fig.
5. In this case, the present embodiment is different from
the first embodiment described above in a point that the
configuration is made so that the three images can cor-
respond to an image signal indicating an image in which
a far point (the distance to the subject: 20 mm or longer)
is focused and an image signal indicating an image in
which a near point (the distance to the subject: 1 mm or
longer and shorter than 20 mm) is focused, similarly to
the first and second embodiments described above, and,
furthermore, an image signal indicating an image in which
a nearest neighbor at a position nearer than the above
near point (the distance to the subject: about 0.5 mm or
longer and shorter than 1 mm) is focused. In description
below, components similar to those of the first and sec-
ond embodiments described above are given same ref-
erence symbols, and detailed description thereof will be
omitted. Only different parts will be described.
[0070] In general, in a case of applying a zoom lens
as an image pickup optical system, there is a tendency
that depth of field becomes shallow when a long focal
distance within a zoom range of the zoom lens is set.
Therefore, in the endoscope apparatus of the present
embodiment, it is attempted to, by acquiring three images
corresponding to distances to subjects using the three
image pickup devices, obtain a wider depth of field.
[0071] Fig. 5 is a diagram showing an outline of the
image pickup unit in the endoscope apparatus of the third
embodiment of the present invention. An image pickup
unit 9B in the endoscope apparatus of the present em-
bodiment is similar to the second embodiment described
above in that a zoom-type objective lens capable of per-
forming a magnification changing operation is applied as
an objective lens 33C, which is an image pickup optical
system, as shown in Fig. 5.
[0072] On the other hand, in the present embodiment,
four prisms are arranged on an optical axis O of the ob-
jective lens 33C and behind the objective lens 33C as
shown in Fig. 5. That is, a first prism 34, a second prism
35, a third prism 54 and a fourth prism 55 are arranged

behind the objective lens 33C in that order from a front
side.
[0073] The first prism 34 is optical path dividing means
formed having a plane of incidence 34a, a first half mirror
plane 36 and a plane of emission 34b, and it is a first half
prism. Due to the configuration, the first prism 34 causes
a light flux from a subject transmitted through the objec-
tive lens 33C to enter the plane of incidence 34a and
divides a part of the incident light in a direction orthogonal
to the optical axis O (a direction leading the light to a light
receiving plane 32b of a second image pickup device 32)
and a direction along the optical axis O (backward) on
the half mirror plane 36. The first prism 34 is configured
similarly to the first prism 34 of the first embodiment de-
scribed above and provided with the same function. Here,
the second image pickup device 32 is an image pickup
device which generates an image signal for a far point.
[0074] The second prism 35 is formed having a plane
of incidence 35a which is in contact with the first half
mirror plane 36 of the first prism 34 and a plane of emis-
sion 35b parallel to a plane orthogonal to the optical axis
O. Due to the configuration, the second prism 35 leads
a light flux transmitted through the first half mirror plane
36 backward along the optical axis O. The second prism
35 is also configured similarly to the second prism 35 of
the first embodiment described above and provided with
an almost similar function.
[0075] The third prism 54 exists behind the second
prism 35 and arranged on an optical path of a light flux
transmitted through the second prism 35 after being
transmitted through the half mirror plane 36 of the first
prism 34. The third prism 54 is optical path dividing means
formed having a plane of incidence 54a, a second half
mirror plane 56 and a plane of emission 54b, and it is a
second half prism. The plane of incidence 54a of the third
prism is formed such that it is parallel to the plane orthog-
onal to the optical axis O so as to be in contact with the
plane of emission 35b of the second prism 35. The sec-
ond half mirror plane 56 divides a part of an incident light
in the direction orthogonal to the optical axis O (a direction
leading the light to a light receiving plane 31 b of a first
image pickup device 31) and the direction along the op-
tical axis O (backward). Therefore, the second half mirror
plane 56 of the third prism 54 is formed having an incli-
nation angle of about 45 degrees relative to the plane of
incidence 54a. In this case, an inclination direction of the
second half mirror plane 56 is set such that an inclination
in a direction opposite to the half mirror plane 36 is pro-
vided. That is, the inclination of the second half mirror
plane 56 is set so as to have an angle of about 90 degrees
relative to the inclination of the half mirror plane 36. Due
to the configuration, the second half mirror plane 56 is
formed so as to reflect a partial light flux of an incident
light from the plane of incidence 54a in a direction toward
the direction orthogonal to the optical axis O and opposite
to a direction of bending of the light flux by the first half
mirror plane 36 (the light receiving plane 31b of the first
image pickup device 31 to be described later) while trans-
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mitting a remaining light flux to the direction along the
optical axis O (backward). That is, the second half mirror
plane 56 plays a role of dividing an incident light flux and
leading a part of the light flux to the light receiving plane
32b of the first image pickup device 31 to be described
later while leading the other remaining part of the light
flux backward along the optical axis O to a light receiving
plane 47b of a third image pickup device 47 to be de-
scribed later.
[0076] Further, the plane of emission 54b of the third
prism 54 is a plane from which a reflected light bent by
an angle of about 90 degrees by the second half mirror
plane 56 is emitted and is formed by a plane parallel to
the optical axis O. The first image pickup device 31 is
arranged on an optical path of the reflected light bent by
the angle of about 90 degrees by the second half mirror
plane 56. The light receiving plane 31b of the first image
pickup device 31 is arranged such that it faces the plane
of emission 54b. That is, the first image pickup device 31
is arranged at a position of receiving a part of a light flux
emitted from the third prism 54 (a light reflected from the
second half mirror plane 56). Here, the first image pickup
device 31 is an image pickup device which generates an
image signal for a near point.
[0077] The fourth prism 55 is formed having a plane of
incidence 55a which is in contact with the second half
mirror plane 56 of the third prism 54 and a plane of emis-
sion 55b parallel to the plane orthogonal to the optical
axis O. Due to the configuration, the fourth prism 55 leads
a light flux transmitted through the second half mirror
plane 56 backward along the optical axis O. The third
image pickup device 47 is arranged on an optical path
of the light flux transmitted through the fourth prism 55
after being transmitted through the second half mirror
plane 56, behind the fourth prism 55. The light receiving
plane 47b of the third image pickup device 47 is arranged
facing the plane of emission 55b of the fourth prism 55.
Therefore, the third image pickup device 47 is arranged
at a position of receiving a light flux emitted from the
fourth prism 55. Here, the third image pickup device 47
is an image pickup device which generates an image
signal for a nearest neighbor. A photoelectric conversion
device, which is a solid-state image pickup device such
as a CCD image sensor or a MOS-type image sensor,
is also applied to the third image pickup device 47 simi-
larly to the first image pickup device 31 and the second
image pickup device 32.
[0078] A high-refractive optical device 57 is arranged
being sandwiched between the plane of emission 55b of
the fourth prism 55 and the third image pickup device 47.
The high-refractive optical device 57 is an optical mem-
ber arranged in order to shorten an optical path length
similarly to the high-refractive optical device 39 of the
first embodiment described above.
[0079] Flexible printed circuits (FPCs) 37, 38 and 58
are electrically connected to the image pickup devices
31, 32 and 47, respectively. Image signals generated by
the image pickup devices 31, 32 and 47 are transmitted

from the FPCs 37, 38 and 47 to the processor unit 20 in
the end via a signal cable (not shown) inserted through
an insertion portion 2, an operation portion 3 and a uni-
versal cable 4. Other components are similar to those of
the first embodiment described above.
[0080] Note that, in Fig. 5, reference symbol OPL2 in-
dicates an optical path length of a light flux led to the
second image pickup device 32. Reference symbol OPL1
indicates an optical path length of a light flux led to the
first image pickup device 31. Reference symbol OPL1a
indicates an optical path length of a light flux led to the
third image pickup device 47.
[0081] Here, the optical path length OPL1a of a nearest
neighbor, the optical path length OPL1 of a near point
and the optical path length OPL2 of a far point are set so
that OPL1a>OPL1>OPL2 is satisfied.
[0082] That is, the third image pickup device 47 ar-
ranged on a side for which a setting is made so that a
relatively longest optical path length (OPL1a) is obtained
is an image pickup device for the nearest neighbor ca-
pable of obtaining an image for the nearest neighbor (an
image in which a subject 101ka existing at the nearest
neighbor is focused).
[0083] Further, the first image pickup device 31 ar-
ranged on a side for which a setting is made so that an
optical path length longer than the optical path length
OPL2 (OPL1) is obtained is an image pickup device for
the near point capable of obtaining an image for the near
point, that is, an image in which a subject 101k existing
at the near point is focused.
[0084] The second image pickup device 32 arranged
on a side for which a setting is made so that a relatively
shortest optical path length (OPL2) is obtained is an im-
age pickup device for the far point capable of obtaining
an image for the far point, that is, an image in which a
subject 101e existing at the far point is focused.
[0085] Further, in the present embodiment also, a
quantity of light which enters each of the image pickup
devices (31, 32 and 47) is adjusted on the basis of set-
tings of reflectances of the first and second half mirror
planes 36 and 56. That is, the reflectances of the first
and second half mirror planes 36 and 56 are set such
that the quantity of light to each of the image pickup de-
vices (31, 32 and 47) satisfies: for a far point (32)>for a
near point (31)>for a nearest neighbor (47).
[0086] In the endoscope apparatus of the present em-
bodiment configured as described above, it is possible
to simultaneously acquire three image signals using the
three image pickup devices 31, 32 and 47. The three
images are images which are set such that an appropriate
focused state is obtained according to a distance to a
subject. Similarly to the first embodiment described
above, comparison among contrasts of the three images
is automatically performed by a processor unit 20 (see
Fig. 3), and such control is performed that an image signal
with a highest contrast is selected and outputted to a
display device 21. Thereby, an appropriate image is au-
tomatically displayed on the display device 21.
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[0087] As described above, according to the third em-
bodiment, it is possible to obtain advantages similar to
those of each embodiment described above. Further-
more, according to the present embodiment, a configu-
ration is made in which the objective lens 33C, which is
a zoom-lens-type photographing optical system, is ap-
plied, and the three image pickup devices 31, 32 and 47
are provided so that three images can be obtained ac-
cording to distances to subjects. Therefore, it becomes
possible to obtain an image with a wider depth of field.

[Fourth embodiment]

[0088] Next, a fourth embodiment of the present inven-
tion will be described. A configuration of the present em-
bodiment is basically almost similar to that of the first
embodiment described above but is slightly different only
in a configuration of an objective lens constituting an im-
age pickup optical system of an image pickup unit. There-
fore, components similar to those of the first embodiment
described above are given same reference symbols, and
detailed description thereof will be omitted. Only different
parts will be described below.
[0089] Fig. 6 is a diagram showing an outline of the
image pickup unit in an endoscope apparatus of the
fourth embodiment of the present invention. As shown in
Fig. 6, in an image pickup unit 9C in the endoscope ap-
paratus of the present embodiment, an objective lens of
a type capable of adjusting a focus is applied as an ob-
jective lens 33D, which is an image pickup system. The
objective lens 33D is configured with a first lens 33a and
a second lens 33b fixedly arranged in the image pickup
unit 9C, a plurality of optical lens groups, such as a focus
lens system 33d which is a movable lens arranged to
freely move forward and backward in an optical axis O
direction (a direction of an arrow A shown in Fig. 6) rel-
ative to the first lens 33a and the second lens 33b, driving
means constituted by a driving mechanism and a driving
source (neither of them is shown) for appropriately caus-
ing the focus lens system 33d to move forward or back-
ward in the optical axis O direction on the basis of a pre-
determined operation instruction (a manual operation in-
struction or an automatic operation instruction), and the
like. In this case, the driving means causes the focus lens
system 33d (a movable lens) to move so that a difference
among contrasts of images based on output image sig-
nals of the plurality of image pickup devices (31, 32 and
47) becomes largest. The difference among the contrasts
in this case is a difference among peak values of the
contrasts of images based on the respective image sig-
nals.
[0090] Two kinds of image signals are outputted from
the respective two image pickup devices 31 and 32 of
the image pickup unit 9C configured as described above.
These output signals (image signals) are transmitted to
the processor unit similarly to the first embodiment de-
scribed above. In response to input of the image signals,
the processor unit executes necessary image process-

ing.
[0091] Here, an image-processing-circuit-related con-
figuration in an internal configuration of the processor
unit in the present embodiment will be described briefly.
Fig. 7 is a block configuration diagram showing only the
(image-processing-circuit-related) components related
to the present invention in the internal configuration of
the processor unit in the endoscope apparatus of the
present embodiment.
[0092] As shown in Fig. 7, a processor unit 20C in the
endoscope apparatus of the present embodiment is pro-
vided with an image processing circuit 41 for a near point,
an image processing circuit 42 for a far point, a contrast
comparing circuit 43, an autofocus lens control circuit 45,
an image combining circuit 46 and the like. Among these,
each of the image processing circuits 41 and 42, and the
contrast comparing circuit 43 are circuit units having con-
figurations and functions similar to those of the first em-
bodiment described above.
[0093] The autofocus lens control circuit 45 is a circuit
unit which, by performing driving control of a focus driving
source (not shown) provided, for example, in an opera-
tion portion 3 of an endoscope 1, performs driving control
for causing the focus lens system 33d of the objective
lens 33D of the image pickup unit 9C to move forward or
backward on an optical axis O. The autofocus lens control
circuit 45 executes control of an autofocus operation in
response to an output from the contrast comparing circuit
43 (a contrast comparison result).
[0094] Note that, separately from this, the autofocus
lens control circuit 45 is also adapted to perform control
for an automatic focus adjusting operation (an autofocus
operation) in response to an autofocus instruction signal
which occurs, for example, by a predetermined operation
portion included among operation members 15 provided
on the operation portion 3 being operated.
[0095] The image combining circuit 46 is a circuit unit
which, in response to an output from the image construct-
ing circuit 41 a for a near point and an output from the
image constructing circuits 42a for a far point, performs
an image combining process for extracting image areas
satisfying a predetermined condition, that is, images area
with a high contrast and generating one image signal.
[0096] Note that, in the present embodiment, the image
switching switch 44 is not provided unlike the first em-
bodiment described above (see Fig. 3). Other compo-
nents are similar to those of the first embodiment de-
scribed above.
[0097] As described above, according to the fourth em-
bodiment described above, advantages similar to those
of the first embodiment described above can be also ob-
tained in the endoscope apparatus adopting the image
pickup unit 9C to which the objective lens 33D, which is
a photographing optical system of a type capable of ad-
justing a focus, is applied. Furthermore, according to the
present embodiment, since it is possible to adjust a focus
for a desired part of a subject, it is possible to easily cause
an image with a high contrast to be formed more clearly.
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[0098] The processor unit 20 in the first to third em-
bodiments described above is configured to, in response
to output signals from a plurality of image pickup devices,
perform control for selectively displaying an image with
a high contrast. In comparison therewith, in the present
embodiment, the processor unit 20C is adapted to, in
response to a plurality of output signals (in this example,
an image signal for a near point and an image signal for
a far point) from a plurality of image pickup devices, per-
form the image combining process for extracting an im-
age area with a high contrast in each image to generate
one image signal and perform control to cause the display
device 21 to automatically display the combined image.
Therefore, it is possible to generate and display an image
with a wider depth of field.

[Fifth embodiment]

[0099] Next, a fifth embodiment of the present inven-
tion will be described. A configuration of the present em-
bodiment is basically almost similar to that of each em-
bodiment described above. For example, a configuration
of an objective lens constituting an image pickup optical
system of an image pickup unit is similar to the configu-
ration of the first embodiment described above. Further,
a configuration in which four prisms are provided behind
the objective lens along an optical axis O direction in the
image pickup unit, and each of three image pickup de-
vices is arranged at a predetermined position is almost
similar to that of the third embodiment. Therefore, com-
ponents similar to those of each embodiment described
above are given same reference symbols, and detailed
description thereof will be omitted. Only different parts
will be described below.
[0100] Fig. 8 is a diagram showing an outline of the
image pickup unit in the endoscope apparatus of the fifth
embodiment of the present invention. As shown in Fig.
8, an image pickup unit 9D arranged inside a distal end
portion 6D of an insertion portion 2D of an endoscope
1D in the endoscope apparatus of the present embodi-
ment is configured with an objective lens 33A, two prism
units constituted by four prisms (34, 35, 54 and 55) pro-
vided on an optical axis O of the objective lens 33A and
behind the objective lens 33A, three image pickup devic-
es (61, 62 and 63) provided on planes of emission of
respective predetermined prisms, flexible printed circuits
(FPCs) 67, 68 and 69 extended from the three image
pickup devices (61, 62 and 63), respectively, a high-re-
fractive optical device 64 arranged facing a light receiving
plane 63b of an image pickup device arranged nearest
to the objective lens 33A among the three image pickup
devices (in this example, the sixth image pickup device
63; to be described later), and the like.
[0101] The four prisms are the first prism 34, the sec-
ond prism 35, the third prism 54 and the fourth prism 55
arranged in that order from a side near to the objective
lens 33A, similarly to the third embodiment described
above. A configuration and arrangement of each of the

four prisms are almost similar to those of the third em-
bodiment described above.
[0102] Note that, in the present embodiment, the first
and second prisms 34 and 35 on a front side, among the
four prisms, are referred to as a first prism unit, and the
third and fourth prism 54 and 55 on a back side are re-
ferred to as a second prism unit. Here, the first prism unit
is arranged behind the objective lens 33A, and it divides
a light flux from the objective lens 33A into two on a first
half mirror plane 36 of the first prism 34, which is optical
path dividing means, and leads one light flux to the fourth
image pickup device 61 (corresponding to the first image
pickup device in each of the embodiments described
above) while leading the other light flux backward. That
is, the first half mirror plane 36 of the first prism 34 has
a function of dividing an incident light into two similarly
to each of the embodiments described above.
[0103] On the other hand, the second prism unit is ar-
ranged behind the first prism unit, and it performs color
separation of the other light flux led backward from the
first prism unit by the third prism 54, which is optical path
dividing means, and leads respective light fluxes sepa-
rated thereby to the fifth image pickup device 62 (corre-
sponding to the second image pickup device in each of
the embodiments described above) and the sixth image
pickup device 63 (corresponding to the third image pick-
up device in each of the embodiments described above).
As the second half mirror plane 56 of the third prism 54,
a dichroic optical system for performing color separation
of an incident light is adopted.
[0104] In the present embodiment, the second half mir-
ror plane 56 reflects only a green component light (a lu-
minance component) of an incident light which enters the
third prism 54 after being transmitted through the first
and second prisms 34 and 35 and leads the green com-
ponent light to a direction orthogonal to the optical axis
O and opposite to a direction of bending the light flux by
the half mirror plane 36 of the first prism 34 (a light re-
ceiving plane 62b of the fifth image pickup device 62 to
be described later) while transmitting a remaining light
flux in a direction along the optical axis O (backward).
[0105] The three image pickup devices are the sixth
image pickup device 63 which acquires an image signal
for a special observation image, the fourth image pickup
device 61 and the fifth image pickup device 62 which
acquire an image signal for a normal observation image.
[0106] That is, in the configuration of the present em-
bodiment, by providing three image pickup devices for
the image pickup unit 9D, two images, the special obser-
vation image and the normal observation image excellent
in color reproduction, can be simultaneously acquired.
[0107] Therefore, one of the three image pickup devic-
es is, for example, the sixth image pickup device 63 which
acquires an image signal indicating a special observation
image, such as fluorescence observation and infrared
light observation images. The sixth image pickup device
63 is arranged such that its light receiving plane 63b faces
a plane of emission 34b of the first prism 34. The high-
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refractive optical device 64 is arranged being sandwiched
between the plane of emission 34b of the first prism 34
and the sixth image pickup device 63 (corresponding to
the third image pickup device in each of the embodiments
described above).
[0108] Here, when a transparent device is applied as
the high-refractive optical device 64, and a highly-sensi-
tive device is adopted as the sixth image pickup device
63, fluorescence of a living body can be detected, and,
therefore, the sixth image pickup device 63 can output
an image signal for fluorescence observation.
[0109] Further, when an optical filter which transmits
a particular wavelength is applied as the high-refractive
optical device 64 and a device corresponding to a wave-
length transmitted through the high-refractive optical de-
vice 64 is adopted as the sixth image pickup device, high
sensitivity to the particular wavelength can be obtained.
Therefore, for a particular wavelength, for example, for
an infrared light, the sixth image pickup device 63 can
output an image signal for infrared light observation.
[0110] Note that, by arranging the high-refractive opti-
cal device 64 at the particular part described above (be-
tween the plane of emission 34b of the first prism 34 and
the sixth image pickup device 63), an optical path length
L after a light is reflected and bent by the first half mirror
plane 36 (see Fig. 8) among optical path lengths can be
shortened. That is, by providing the high-refractive optical
device 64, it is possible to suppress upsizing of the distal
end portion 6D in the endoscope 1D.
[0111] On the other hand, the other two among the
three image pickup devices are image pickup devices for
acquiring an image signal indicating a normal observa-
tion image. One of them is the fourth image pickup device
61 which acquires red and green component lights (im-
age constructing components), and the other one is the
fifth image pickup device 62 which acquires a green com-
ponent light (a luminance component).
[0112] On the other hand, the fourth image pickup de-
vice 61 is arranged so that its light receiving plane 61b
faces a plane of emission 55b of the fourth prism 55. The
fifth image pickup device 62 is arranged so that its light
receiving plane 62b faces a plane of emission 54b of the
third prism 54.
[0113] In the configuration in the present embodiment,
a length OL1 of an optical path from a front position N of
the first lens 33a (see Fig. 8) to the light receiving plane
61b of the fourth image pickup device 61 and a length
OL2 of an optical path from the front position N of the
first lens 33a to the light receiving plane 62b of the fifth
image pickup device 62 are set to be equal to each other
(OL1 = OL2). Furthermore, a length OL3 of an optical
path from the front position N of the first lens 33a to the
light receiving plane 63b of the sixth image pickup device
63 is also set to be equal to the lengths OL1 and OL2 of
the optical paths (OL1 = OL2 = OL3).
[0114] Further, a pair of the image pickup devices 62
and 63 whose light receiving planes are arranged parallel
to the plane along the optical axis O are arranged such

that planes which include the light receiving planes 62b
and 63b substantially face each other with the optical
axis O between the planes. By adopting the configura-
tion, it does not happen that peripheral configuration
members around the image pickup devices, such as the
flexible printed circuits (FPCs) 68 and 69 extended from
the image pickup devices 62 and 63, respectively, inter-
fere, so that it is possible to improve efficiency of arrange-
ment of the members. Note that the pair of image pickup
devices arranged facing each other is not limited to the
combination (62 and 63) described above.
[0115] In the image pickup unit 9D in the endoscope
1D configured as described above, three image signals
are simultaneously outputted from the three image pick-
up devices (61, 62 and 63). The output signals (image
signals) are inputted to a processor unit (20). In this case,
by predetermined processing being performed by an im-
age processing circuit for the image signal of the fourth
image pickup device 61 (an image signal generated
based on a green component light) and the image signal
of the fifth image pickup device 61 (an image signal gen-
erated based on a green component light) among the
three image signals, an image signal for normal obser-
vation are generated. On the other hand, predetermined
processing is performed for the remaining image signal,
that is, the image signal of the sixth image pickup device
63, and an image signal for a special image is generated.
[0116] Output switching is performed between the two
image signals generated in this way (the respective im-
age signals for normal observation and for special ob-
servation) in response to an instruction signal from a pre-
determined operation member 15 provided for an oper-
ation portion 3, and either one of the two image signals
is outputted to and displayed on the display device 21.
Other components are almost similar to those of the first
or third embodiment described above.
[0117] As described above, according to the fifth em-
bodiment described above, it is possible to obtain advan-
tages almost similar to those of each embodiment de-
scribed above. Furthermore, in the present embodiment,
by applying an image pickup device corresponding to a
wavelength of a special light as the sixth image pickup
device 63, it is possible to realize an image pickup unit
compatible with various wavelengths and configure an
endoscope apparatus to which the image pickup unit is
applied.
[0118] Further, by arranging the plurality of image pick-
up devices (61, 62 and 63) in a well-balanced state rel-
ative to the optical axis O, it is possible to prevent the
flexible printed circuit extended from each image pickup
device and the like from interfering and contribute to
downsizing of the whole endoscope apparatus by an ef-
ficient internal layout.
[0119] Since the high-refractive optical device 64 is ar-
ranged near the sixth image pickup device 63 arranged
at a position nearest to the objective lens 33A, that is,
near the light receiving plane 63b, it is possible to sup-
press upsizing of the image pickup unit 9D itself, and it
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is possible to set the lengths of the optical paths to the
three respective image pickup devices (61, 62 and 63)
so that OL1 = OL2 = OL3 is satisfied.
[0120] Further, since two image signals are generated
by performing color separation of an incident light flux,
causing one of divided light fluxes (a green component
light) to enter the fourth image pickup device 61 and caus-
ing the other (a red and green component light) to the
fifth image pickup device 62, and predetermined image
processing is performed for the image signals at the proc-
essor unit (20), it is possible to realize an endoscope
apparatus which acquires a normal observation image
excellent in color reproduction.
[0121] Note that, though, in the present embodiment,
the configuration of the objective lens 33A constituting
the image pickup optical system of the image pickup unit
9D is similar to that of the first embodiment, the config-
uration is not limited thereto, and the zoom-type objective
lens in the second and third embodiments described
above, the objective lens of the type capable of adjusting
a focus in the fourth embodiment or the like may be ap-
plied.
[0122] Further, in the present embodiment, though the
configuration is made by causing the respective light re-
ceiving planes 62b and 63b of the two image pickup de-
vices 62 and 63, which are arranged parallel to the plane
along the optical axis O, to be arranged so that the light
receiving planes 62b and 63b substantially face each oth-
er with the optical axis O therebetween, the configuration
is not limited thereto.
[0123] As another arrangement example, for example,
an arrangement is also possible in which the respective
light receiving planes 62b and 63b of the two image pick-
up devices 62 and 63 adjoin each other. In this case,
bending directions of light fluxes from the optical axis O
can be set to the same direction by causing an inclination
direction of the first half mirror plane 36 to correspond to
an inclination direction of the second half mirror plane 56.
[0124] Furthermore, in addition to the arrangement ex-
ample, it is also possible to arrange the two image pickup
devices 62 and 63, for example, at positions away from
each other by an angle of about 90 degrees around the
optical axis O. The arrangement angle around the optical
axis in this case is not limited to about 90 degrees but
can be arbitrarily set within an angle range of 0 to 180
degrees in consideration of an internal layout of the distal
end portion 6D of the endoscope 1D. Thereby, it is pos-
sible to improve efficiency of arrangement of members
more.

[Sixth embodiment]

[0125] Next, a sixth embodiment of the present inven-
tion will be described. A configuration of the present em-
bodiment is basically almost similar to that of each em-
bodiment described above but is different in a point that
an objective lens as an image pickup optical system is
configured in a form suitable for generation of a 3D image.

Therefore, components similar to those of each embod-
iment described above are given same reference sym-
bols, and detailed description thereof will be omitted. On-
ly different parts will be described below.
[0126] Fig. 9 is a diagram showing an outline of an
internal configuration of a distal end portion of an insertion
portion of an endoscope in an endoscope apparatus of
the sixth embodiment of the present invention. Fig. 10 is
a schematic front view when the distal end portion of the
insertion portion of the endoscope of Fig. 9 is seen from
a front. Fig. 11 is a schematic diagram showing a sche-
matic shape of a polarization filter applied to the image
pickup unit of the endoscope apparatus of Fig. 9.
[0127] As shown in Fig. 9, an image pickup unit 9E is
fixedly arranged inside a distal end portion 6D of an in-
sertion portion of an endoscope 1D.
[0128] The image pickup unit 9E is mainly configured
with: objective lens units each of which is prepared as a
pair (objective lenses 33ER and 33EL, or the like) for a
three-dimensional image (a stereo image; a 3D image);
a prism unit (76 and 77, or the like) provided behind the
objective lens units; two polarization filters (75R and 75L)
provided on planes of incidence of the prism units; two
image pickup devices (78 and 79) provided on a plurality
of planes of emission of the prism units, respectively; and
flexible printed circuits (FPCs) 80 extended from the two
respective image pickup devices; and the like.
[0129] The objective lens unit has the first objective
lens 33ER for forming an image for a right eye and the
second objective lens 33EL for forming an image for a
left eye. Here, the second objective lens 33EL is arranged
parallel to a subject to be provided with parallax relative
to the first objective lens 33ER. In other words, the first
objective lens 33ER and the second objective lens 33EL
are formed side by side in a horizontal direction of the
endoscope 1E. Here, the horizontal direction of the en-
doscope 1E is a direction corresponding to a horizontal
direction of an endoscopic image which is outputted and
displayed by the endoscope apparatus in the end.
[0130] Each of the first objective lens 33ER and the
second objective lens 33EL is configured with a plurality
of optical lenses. Further each of the plurality of optical
lenses constituting each of the first objective lens 33ER
and the second objective lens 33EL is fixedly arranged
inside a lens barrel 71 formed in a cylindrical shape.
[0131] Note that a part of the plurality of optical lenses
constituting each of the first objective lens 33ER and the
second objective lens 33EL can be adjusted by a devia-
tion angle/core adjustment screw 73 and are in a state
of being movable relative to the lens barrels 71. Similarly,
the other part of the optical lenses can be adjusted by a
focus adjustment pin 74 and are in a state of being mov-
able relative to the lens barrels 71. Therefore, each of
the first objective lens 33ER and the second objective
lens 33EL is configured to be adjustable by the deviation
angle/core adjustment screw 73 and the focus adjust-
ment pin 74 so that appropriate two images can be
formed at appropriate positions in appropriate states.
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Note that these adjustment mechanisms are parts which
are not directly related to the present invention, and de-
tailed description thereof will be omitted on assumption
that a configuration which conventionally has been gen-
erally practically used is applied.
[0132] Further, a diaphragm plate 72 for restricting a
quantity of incident light from frontward is arranged at a
predetermined position of an optical path of the plurality
of optical lenses constituting each of the first objective
lens 33ER and the second objective lens 33EL.
[0133] The two polarization filters (75R and 75L) are a
pair of polarization filters whose polarization directions
cross each other. Between the two, the first polarization
filter 75R, which is a first optical filter, is arranged on an
optical axis O(R) of the first objective lens 33ER and be-
hind the first objective lens 33ER. That is, the first polar-
ization filter 75R is arranged in contact with a plane of
incidence 76a of the first prism 76 (to be described later)
of the prism unit. Here, the optical axis O(R) of the first
objective lens 33ER and a central axis of the first polar-
ization filter 75R are set to substantially correspond to
each other. The first polarization filter 75R is formed so
as to be able to cause only a vertical direction component
V of an incident light to be transmitted (see Fig. 11 (A)).
[0134] Similarly, the second polarization filter 75L,
which is a second optical filter, is arranged on an optical
axis O(R) of the second objective lens 33EL and behind
the second objective lens 33EL. That is, the second po-
larization filter 75L is arranged in contact with the plane
of incidence 76a of the first prism 76 (to be described
later) of the prism unit. Here, the optical axis O(L) of the
second objective lens 33EL and a central axis of the sec-
ond polarization filter 75L are set to substantially corre-
spond to each other. The second polarization filter 75L
is constituted by a filter of a kind different from the first
polarization filter 75R and is formed so as to be able to
cause only a horizontal direction component H of an in-
cident light to be transmitted (see Fig. 11(B)).
[0135] The prism unit is configured with two prisms,
the first prism 76 and the second prism 77. The first prism
76 is optical path dividing means for, when a light flux
transmitted through the two objective optical systems
75R and 75L comes in, dividing the incident light in two
predetermined directions, and the first prism 76 is a half
prism. Therefore, the first prism 76 is formed being pro-
vided with the plane of incidence 76a, a polarization beam
splitter plane 82 and a plane of emission 76b.
[0136] The plane of incidence 76a of the first prism 76
is constituted by a plane orthogonal to each of the optical
axes O(R) and O(L) of the first objective lens 33ER and
the second objective lens 33EL, and the two polarization
filters (75R and 75L) are arranged on extensions of the
respective optical axes O(R) and O(L).
[0137] The polarization beam splitter plane 82 of the
first prism 76 is formed having an inclination angle of
about 45 degrees relative to the plane of incidence 76a.
Thereby, the polarization beam splitter plane 82 divides
an incident light which has entered from the plane of in-

cidence 76a in a direction orthogonal to the optical axes
O(R) and O(L) and a direction along the optical axes O(R)
and O(L). That is, the polarization beam splitter plane 82
causes a light flux (a vertical direction component V)
which has been transmitted through the first polarization
filter 75R after being transmitted through the first objec-
tive lens 33ER and has entered from the plane of inci-
dence 76a of the first prism 76 to pass through. The light
flux enters the second prism 77 at the back.
[0138] On the other hand, the polarization beam splitter
plane 82 reflects a light flux (a horizontal direction com-
ponent H) which has been transmitted through the sec-
ond polarization filter 75L after being transmitted through
the second objective lens 33EL and has entered from
the plane of incidence 76a of the first prism 76, emits the
light flux from the plane of emission 76b, bending its op-
tical path by an angle of about 90 degrees, and causes
the light flux to enter a light receiving plane 78b of an
image pickup device 78 for a left eye (a second image
pickup device).
[0139] The plane of emission 76b is formed having a
plane orthogonal to the light flux after being bent by the
polarization beam splitter plane 82. The image pickup
device 78 for a left eye to be described later is arranged
on the plane of emission 76b.
[0140] The second prism 77 is formed having a plane
of incidence 77a formed to be in contact with the polari-
zation beam splitter plane 82 of the first prism 76, a plane
of emission 77b constituted by a plane orthogonal to the
optical axes O(R) and O(L) of the first objective lens 33ER
and the second objective lens 33EL, respectively. An im-
age pickup device 79 for a right eye (a first image pickup
device) to be described later is arranged on the plane of
emission 77b.
[0141] The two image pickup devices are the image
pickup device 79 for a right eye, which is the first image
pickup device having a light receiving plane 79b which
receives a light flux having passed through the first ob-
jective lens 33ER, and the image pickup device 78 for a
left eye, which is the second image pickup device having
the light receiving plane 78b which receives a light flux
having passed through the second objective lens 33EL.
[0142] On the image pickup device 79 for a right eye,
the light receiving plane 79b is arranged facing the plane
of emission 77b of the second prism 77. Thereby, the
image pickup device 79 for a right eye receives a light
flux having passed through the first objective lens 33ER.
That is, as described above, the first polarization filter
75R is arranged between the first objective lens 33ER
and the image pickup device 79 for a right eye. Further,
the polarization beam splitter plane 82 of the first prism
76 is arranged between the first polarization filter 75R
and the image pickup device 79 for a right eye. Due to
such a configuration, the image pickup device 79 for a
right eye receives a light flux of a vertical direction com-
ponent V in an incident light.
[0143] On the other hand, on the image pickup device
78 for a left eye, the light receiving plane 78b is arranged
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facing the plane of emission 76b of the first prism 76.
Thereby, the image pickup device 78 for a left eye re-
ceives a light flux having passed through the second ob-
jective lens 33EL. That is, as described above, the sec-
ond polarization filter 75L is arranged between the sec-
ond objective lens 33EL and the image pickup device 78
for a left eye. Further, the polarization beam splitter plane
82 of the first prism 76 is arranged between the second
polarization filter 75L and the image pickup device 78 for
a left eye. Due to such a configuration, the image pickup
device 78 for a left eye receives a light flux of a horizontal
direction component H in an incident light.
[0144] From each of the two image pickup devices 78
and 79, the flexible printed circuit (FPC) 80 extends back-
ward. A signal cable 81 which is inserted through an in-
sertion portion, an operation portion and a universal cable
and reaches the processor unit 20 in the end via an en-
doscope connector is electrically connected to each flex-
ible printed circuit (FPC) 80. An outer circumference on
a back end side of the lens barrel 71 and an outer cir-
cumference on a distal end side of the signal cable 81
are coupled via a heat-shrinkable tube 84, in which ad-
hesive is filled to fix internal components (the flexible
printed circuit 80 and the like).
[0145] Note that optical path lengths of the first objec-
tive lens 33ER and the second objective lens 33EL in the
image pickup unit 9E are set to be equal to each other.
[0146] Further, in the front view shown in Fig. 10, two
illuminating windows 83 of an illumination optical system
are provided near each of the first objective lens 33ER
and the second objective lens 33EL. A distal end of a
light guide inserted inside the insertion portion 2, the op-
eration portion 3 and the universal cable 4 is connected
to the illuminating windows 83, and a configuration is
made so that an illuminating light transmitted from the
light source device 22 via the light guide is emitted toward
a subject ahead from the illuminating windows 83. Other
components are almost similar to those of each of the
embodiments and the like.
[0147] Note that reference symbols R, L, D and U
shown in Fig. 10 indicate directions at a time when the
endoscope itself exists at a proper position, and refer-
ence symbol R indicates a right direction of the endo-
scope (a right side of an endoscopic image). Reference
symbol L indicates a left direction of the endoscope (a
left side of an endoscopic image). Here, the right and left
of the endoscope refer to the right and left direction when
seen from the user. Since Fig. 13 shows a case where
the endoscope is seen from a front thereof, the right and
left are shown opposite. Reference symbol D indicates
a downward direction of the endoscope (a lower side of
an endoscopic image). Reference symbol U indicates an
upward direction of the endoscope (an upper side of an
endoscopic image).
[0148] In the endoscope apparatus of the present em-
bodiment configured as described above, two image sig-
nals acquired by the two image pickup devices 78 and
79 of the image pickup unit 9E are outputted to the proc-

essor unit (20). In response thereto, the processor unit
(20) performs predetermined image processing to gen-
erate an image signal for display in a form which can be
observed as a three-dimensional image and outputs the
image to the display device (21). The image can be ob-
served as a 3D image, for example, by performing mon-
itor observation using polarization glasses.
[0149] As described above, according to the sixth em-
bodiment, a configuration is made so as to cause one of
two incident lights from the respective first objective lens
33ER and second objective lens 33EL to travel straight
and cause the other to be reflected by a prism unit so
that its optical path is bent by an angle of 90 degrees,
and a configuration is made by arranging the image pick-
up device 79 for a right eye (the first image pickup device)
and the image pickup device 78 for a left eye (the second
image pickup device) in advancing directions of the re-
spective light fluxes.
[0150] Thus, since a form of constituting planes of
emission by different planes of a prism unit and providing
an image pickup device on each of the planes of emission
is adopted, it is not necessary to arrange the two image
pickup device 78 and 79 side by side in a direction or-
thogonal to the optical axis of the objective optical system
due to the configuration. Therefore, according to the con-
figuration of the present embodiment, it is possible to
contribute to downsizing of the image pickup unit 9E in
a diameter direction and, as a result, contribute to down-
sizing of the distal end portion of the endoscope to which
the configuration is applied. At the same time, it is pos-
sible to increase the size of each image pickup device
while preventing upsizing of the image pickup unit itself,
and, therefore, it becomes possible to easily improve im-
age quality of an acquired image.
[0151] Since it is possible to configure and unitize the
two image pickup devices in a form of being joined to one
prism unit, it is possible to realize downsizing of the image
pickup unit and downsizing of the endoscope itself to
which the image pickup unit is applied, and, at the same
time, it is possible to contribute to simplification of work-
ability in a manufacturing process as well as improve-
ment of assemblability. Furthermore, an advantage is al-
so obtained that, by unitization of the image pickup de-
vices and the prism unit by integration of the image pickup
devices and the prism unit, necessity of adjusting two
objective optical systems separately is eliminated.

[Seventh embodiment]

[0152] Next, a seventh embodiment of the present in-
vention will be described. A configuration of the present
embodiment is basically almost similar to that of the sixth
embodiment described above but is different in a point
that an endoscope apparatus is compatible with a 3D
image, and that an objective lens as an image pickup
optical system is configured in a different form. Therefore,
components similar to those of each embodiment de-
scribed above are given same reference symbols, and
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detailed description thereof will be omitted. Only different
parts will be described below.
[0153] Fig. 12 is a diagram showing an outline of an
internal configuration of a distal end portion of an insertion
portion of an endoscope in the endoscope apparatus of
the seventh embodiment of the present invention. Fig.
13 is a schematic front view when the distal end portion
of the insertion portion of the endoscope of Fig. 12 is
seen from a front. Fig. 14 is a front view showing a sche-
matic shape of a visual field diaphragm plate applied to
an image pickup unit of the endoscope apparatus of Fig.
12.
[0154] The sixth embodiment described above adopts
a form in which two objective optical systems are provid-
ed to form two images. In comparison with the configu-
ration, a configuration is made so that two images are
formed by one objective optical system in the present
embodiment.
[0155] That is, as shown in Fig. 12, an image pickup
unit 9F is fixedly arranged inside a distal end portion 6F
of an insertion portion of an endoscope 1F in the endo-
scope apparatus of the present embodiment.
[0156] The image pickup unit 9F is mainly configured
with an objective lens unit (objective optical systems 33F
or the like), a prism unit (85 and 86, or the like) provided
behind the objective lens unit, two image pickup devices
(87 and 88) provided on a plurality of planes of emission
of the prism unit, respectively, a flexible printed circuit
(FPC) 89 extending from each of the two image pickup
devices, and the like.
[0157] The objective lens unit of the present embodi-
ment is configured such that two images (for a right eye
and for a left eye) for a three-dimensional image (a stereo
image; a 3D image) are formed by one objective optical
system. That is, the objective lens unit of the present
embodiment is mainly configured with the objective op-
tical systems 33F constituted by a plurality of optical lens-
es, a lens barrel 90 for fixing the objective optical systems
33F, a diaphragm plate 72 for restricting a quantity of
incident light from frontward, a visual field diaphragm
plate 91 which generates two light fluxes, a light flux for
causing an image for a right eye to be formed and a light
flux for causing an image for a left eye to be formed, from
an incident light that has entered the objective optical
systems 33F, polarization filters (92R and 92L), and the
like.
[0158] The visual field diaphragm plate 91 is arranged
at a middle position of the objective optical systems 33F
as shown in Fig. 12. Further, as shown in Fig. 14, the
whole visual field diaphragm plate 91 is formed in a disk
shape, and two holes 91r and 911 which enables a light
to pass through are formed, being punched at positions
at a middle of a diameter of the disk with a central axis
of the disk therebetween when seen from a front. A part
of the visual field diaphragm plate 91 other than the two
holes 91r and 911 are formed so as to prevent a light
from passing through. Therefore, due to the configura-
tion, a light flux which has entered from a front of the

objective optical systems 33F is divided into two light
fluxes and emitted backward by the visual field dia-
phragm plate 91. Further, the two holes 91r and 911 are
formed side by side in a horizontal direction of the endo-
scope 1F. Here, the horizontal direction of the endoscope
1F is a direction corresponding to a horizontal direction
of an endoscopic image which is outputted and displayed
by the endoscope apparatus in the end. Thereby, two
images formed by the objective optical systems 33F on
the basis of the light fluxes which have passed through
the two holes 91r and 911 are formed having parallax.
[0159] The polarization filters (92R and 92L) are fixedly
arranged immediately before the holes 91r and 911 of
the visual field diaphragm plate 91, respectively. The two
polarization filters (92R and 92L) are a pair of polarization
filters whose polarization directions cross each other. Be-
tween them, the first polarization filter 92R, which is a
first optical filter, is fixedly arranged at a position imme-
diately before the hole 91r for a right eye of the visual
field diaphragm plate 91. The first polarization filter 92R
is formed such that, for example, only a vertical direction
component V of an incident light can be transmitted (see
Fig. 11(A)).
[0160] Similarly, the second polarization filter 92L,
which is a second optical filter, is fixedly arranged at a
position immediately before the hole 911 for a left eye of
the visual field diaphragm plate 91. The second polari-
zation filter 92L is formed such that, for example, only a
vertical direction component H of an incident light can be
transmitted (see Fig. 11 (B)).
[0161] A configuration of the prism unit is almost similar
to that of the sixth embodiment described above. That
is, the first prism 85 is formed having a polarization beam
splitter plane 82. Therefore, a light flux which has been
transmitted through the first polarization filter 92R and
has entered the first prism 85 (a vertical direction com-
ponent V) passes through the polarization beam splitter
plane 82, is transmitted through the second prism 77 at
the back, enters a light receiving plane of the first image
pickup device 88 for a right eye, and causes an image
for a right eye to be formed on the light receive plane.
On the other hand, a light flux which has been transmitted
through the second polarization filter 92L and has en-
tered the first prism 85 (the horizontal direction compo-
nent H) is reflected by the polarization beam splitter plane
82, travels with its optical path bent by an angle of about
90 degrees, enters a light receiving plane of the second
image pickup device 87 for a left eye, and causes an
image for a right eye to be formed on the light receiving
plane. In this case, optical path lengths of the two light
fluxes described above are set to be equal to each other.
[0162] In a front view shown in Fig. 13, two illuminating
windows 93 of an illumination optical system are provided
near a peripheral edge side of the objective optical sys-
tem 33F. A configuration of the illuminating windows 93
is similar to that of each of the embodiments described
above, and the illuminating windows 93 are configured
so as to emit an illuminating light transmitted via a light
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guide from a light source device 22 toward a subject ex-
isting ahead of the endoscope. Other components are
almost similar to those of each of the embodiments de-
scribed above. Note that reference symbols R, L, D and
U shown in Fig. 13 are quite similar to those in Fig. 10
described in the sixth embodiment described above.
[0163] As described above, according to the seventh
embodiment, in the endoscope apparatus to which the
image pickup unit for stereoscopic view in a form of being
configured so as to acquire two images having parallax
by one objective optical system, it is possible to obtain
advantages similar to those of the sixth embodiment de-
scribed above.
[0164] By the embodiments of the invention described
above, inventions configured as below can be obtained.
That is:

(1) An image pickup unit including:

an objective lens;
a first prism unit arranged behind the objective
lens, the first prism unit dividing a light flux from
the objective lens and leading one light flux to a
first image pickup device while leading the other
light flux backward; and
a second prism unit arranged behind the first
prism unit, the second prism unit performing
color separation of the other light flux and lead-
ing each of light fluxes separated thereby to a
second image pickup device and a third image
pickup device.

(2) The image pickup unit according to the item (1),
wherein an optical member with a high refractive in-
dex is arranged between the first prism unit and the
first image pickup device.
(3) The image pickup unit according to the item (2),
wherein the optical member with the high refractive
index includes wavelength selecting means for caus-
ing only a light flux with a particular wavelength to
be transmitted.
(4) The image pickup unit according to the item (1),
wherein a pair of any two of the first image pickup
device, the second image pickup device and the third
image pickup device is arranged at positions where
light receiving planes of the two image pickup devic-
es face with each other.
(5) An endoscope apparatus using the image pickup
unit according to the item (1).

[0165] Among conventional endoscope apparatuses,
an endoscope apparatus provided with an image pickup
unit in a special form of performing special-light obser-
vation has been practically used, in addition to, for ex-
ample, an endoscope apparatus provided with an image
pickup unit in a normal form of performing normal obser-
vation to acquire a color image. However, in order to
make such a configuration that normal-light observation

and special-light observation can be performed by one
endoscope apparatus, it is necessary to cause a plurality
of image pickup units, for example, a normal-observation
image pickup unit excellent in color reproduction and a
special-observation image pickup unit, to be included in
a distal end portion of an insertion portion of a single
endoscope. If such a configuration is adopted, an outer
diameter of the distal end portion of the insertion portion
of the endoscope apparatus increases. For recent endo-
scope apparatus, however, there is always a demand for
downsizing of the apparatus itself, and, therefore, the
configuration in which a plurality of image pickup units
for different purposes are merely arranged is a form not
to be adopted.
[0166] Therefore, there are proposed various kinds of
endoscope apparatuses provided with a small-size im-
age pickup unit which is configured, for example, so as
to divide a light flux from an object transmitted through
an objective lens using a dichroic prism or the like and
lead the divided light fluxes to a plurality of image pickup
devices, respectively, and which is devised to be com-
patible with various wavelengths by arranging a color fil-
ter or the like for transmitting only a light with a particular
wavelength in an incident light on a light receiving plane
of each image pickup device, for example, by Japanese
Patent Application Laid-Open Publication No.
2007-50106.
[0167] The endoscope apparatus disclosed in Japa-
nese Patent Application Laid-Open Publication No.
2007-50106 and the like is configured to divide a light
flux which has passed through an image pickup optical
system into a light with a wavelength of 500 nm or shorter
and a light with a wavelength exceeding 500 nm by the
dichroic prism and lead the former light with a wavelength
of 500 nm or shorter to a first image pickup device via a
first color filter, and the latter light with a wavelength ex-
ceeding 500 nm to a second image pickup device via a
second color filter. During a normal-observation mode,
a white color light is radiated to a subject, and a full-color
normal-observation image is generated on the basis of
image signals acquired by the two image pickup devices.
On the other hand, during a special-observation mode,
an excitation light is radiated to a subject via a blue filter;
NBI generates an image signal on the basis of an image
signal acquired by the first image pickup device; and an
autofluorescence image signal is generated on the basis
of an image signal acquired by the second image pickup
device. Due to the configuration, the endoscope appa-
ratus disclosed by Japanese Patent Application Laid-
Open Publication No. 2007-50106 and the like can ap-
propriately switch between a normal-light observation im-
age and a special-light observation image by a single
image pickup unit, and, therefore, it is possible to realize
downsizing of the endoscope apparatus.
[0168] Thus, since the endoscope apparatus disclosed
by Japanese Patent Application Laid-Open Publication
No. 2007-50106 and the like is configured to switch be-
tween a normal-light observation image and a special-
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light observation image, it is not possible to observe the
two different images at the same time.
[0169] Thus, according to the invention described
above, it is possible to provide an endoscope apparatus
capable of coping with observation lights with various
wavelengths and performing normal-light observation
and special-light observation simultaneously while real-
izing downsizing.
[0170] Furthermore, by the embodiment of the inven-
tion described above, inventions configured as below can
be obtained. That is:

(6) An image pickup unit including:

a first objective optical system;
a first image pickup device receiving a light flux
having passed through the first objective optical
system;
a second objective optical system arranged be-
ing provided with parallax relative to the first ob-
jective optical system;
a second image pickup device receiving a light
flux having passed through the second objective
optical system;
a first optical filter arranged between the first ob-
jective optical system and the first image pickup
device;
a second optical filter constituted by a filter of a
kind different from the first optical filter, the sec-
ond optical filter being arranged between the
second objective optical system and the second
image pickup device; and
half prisms arranged between the first optical
filter and the first image pickup device and be-
tween the second optical filter and the second
image pickup device, the half prisms causing
light fluxes having passed through the first opti-
cal filter and the second optical filter, respective-
ly, to be reflected or pass through.

(7) The image pickup unit according to the item (6),
wherein the first optical filter and the second optical
filter are a pair of polarization filters whose polariza-
tion directions cross each other.
(8) The image pickup unit according to the item (7),
wherein the half prisms are polarization beam split-
ters.
(9) An endoscope apparatus using the image pickup
unit according to the item (6).

[0171] Here, among conventional endoscope appara-
tuses, various kinds of so-called 3D endoscope appara-
tuses which are configured so as to be able to acquire a
three-dimensional image (a stereo image; a 3D image)
by two image pickup devices being arranged side by side
are proposed, for example, by Japanese Patent No.
4955840.
[0172] The 3D endoscope apparatuses disclosed by

Japanese Patent No. 4955840 and the like are config-
ured by arranging two independent image pickup units
side by side at a distal end of an insertion portion.
[0173] In the endoscope apparatuses disclosed by
Japanese Patent No. 4955840 and the like, however,
there is a problem that, since the two image pickup units
are arranged side by side, a configuration of the distal
end portion of the insertion portion is large-scaled.
[0174] Thus, according to the above invention, by de-
vising arrangement of the two image pickup devices to
be arranged inside a distal end portion of an insertion
portion in a 3D endoscope apparatus, it is possible to
realize downsizing of the image pickup unit, and, there-
fore, it is possible to provide a 3D endoscope apparatus
in which downsizing of the distal end portion of the inser-
tion portion is realized.
[0175] Note that the present invention is not limited to
the embodiments described above, and it is, of course,
possible to make various changes and perform applica-
tion within a range not departing from the spirit of the
invention. Furthermore, the embodiments described
above include inventions at various stages, and various
inventions can be extracted by appropriate combinations
among a plurality of disclosed constituent features. For
example, even if some constituent features are deleted
from all constituent features shown in one of the embod-
iments described above, a configuration from which the
constituent features have been deleted can be extracted
as an invention if the problem to be solved by the inven-
tion can be solved and the advantages of the invention
can be obtained.
[0176] This application is filed, claiming priority based
on Japanese Patent Application No. 2013-088724 filed
on April 19, 2013.
[0177] The contents disclosed by the above basic ap-
plication are incorporated in the specification, claims and
drawings of the present application by reference thereto.

Industrial Applicability

[0178] The present invention can be applied not only
to an endoscope apparatus in a medical field but also to
an endoscope apparatus in an industrial field.

Claims

1. An endoscope apparatus comprising:

an image pickup unit comprising a plurality of
image pickup devices and optical path dividing
means for dividing a light beam entering from
an objective lens into a plurality of optical paths
and leading the optical paths to the respective
plurality of image pickup devices, wherein opti-
cal path lengths of the plurality of optical paths
are different from one another;
contrast comparing means for comparing con-
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trasts of a plurality of images based on a plurality
of image signals outputted from the plurality of
image pickup devices, respectively; and
image selecting means for selecting and output-
ting only an image signal from one image pickup
device among the plurality of image pickup de-
vices, on a basis of a result of the comparison
by the contrast comparing means.

2. The endoscope apparatus according to claim 1,
wherein the optical path dividing means is a half
prism.

3. The endoscope apparatus according to claim 1,
wherein
each of the plurality of image pickup devices is pro-
vided with a color filter; and
each of the plurality of image pickup devices outputs
a signal of a color image.

4. The endoscope apparatus according to claim 1,
wherein the different optical path lengths are set so
that images of objects positioned at mutually differ-
ent object distances are formed on the respective
plurality of image pickup devices.

5. The endoscope apparatus according to claim 1,
wherein a high-refractive optical device close to the
image pickup devices is arranged on at least one of
the plurality of optical paths.

6. The endoscope apparatus according to claim 4,
comprising:

a first optical path length for forming an image
on a first image pickup device at a first object
distance; and
a second optical path length for forming an im-
age on a second image pickup device at a sec-
ond object distance.

7. The endoscope apparatus according to claim 6,
wherein
the first object distance is shorter than 20 mm; and
the second object distance is 20 mm or longer.

8. The endoscope apparatus according to claim 2,
wherein transmittance or reflectance of the half prism
is set so that a quantity of light of a light beam on a
far point side is larger in comparison with a light beam
on a near point side.

9. The endoscope apparatus according to claim 1,
wherein the contrast comparing means selects an
image based on an image signal with a highest con-
trast.

10. The endoscope apparatus according to claim 1,

wherein
a part of the objective lens is configured to be mov-
able in an optical axis direction as a movable lens;
and
the endoscope apparatus comprises driving means
for moving the movable lens so that a difference
among the contrasts of the images based on the out-
putted image signals of the plurality of image pickup
devices is largest.

11. The endoscope apparatus according to claim 10,
wherein the difference among the contrasts is a dif-
ference among peak values of the contrasts of the
images based on the respective image signals.

12. An endoscope apparatus comprising:

an image pickup unit comprising a plurality of
image pickup devices and optical path dividing
means for dividing a light beam entering from
an objective lens into a plurality of optical paths
and leading the optical paths to the respective
plurality of image pickup devices, wherein opti-
cal path lengths of the plurality of optical paths
are different from one another; and
image combining means for generating one im-
age signal using a plurality of image signals out-
putted from the plurality of image pickup devic-
es, respectively, to generate an image with a
wider depth of field.

13. The endoscope apparatus according to claim 12,
wherein the image combining means extracts image
areas with a high contrast of the plurality of image
signals to generate the one image signal.
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