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(54) LENS DEVICE

(57) An object of the present invention is to provide
a lens device that is configured such that a first opti-
cal-system and a second optical-system are combined
to be concentric and that is capable of individually ad-
justing the light-amount of each optical-system and indi-
vidually performing focus adjustment on each opti-
cal-system. The lens device, which is configured such
that the optical-systems are combined to be concentric,
comprises a first stop that adjusts a light-amount of the
first optical-system and a second stop that adjusts a
light-amount of the second optical-system. Thereby, it is
possible to adjust individually the light-amounts of the
optical-systems. Further, the first optical-system is pro-
vided to be movable along the optical axis L together with
the first stop, and the second optical-system is provided
to be movable along the optical axis L together with the
second stop. Thereby, it is possible to individually per-
form focus adjustment on the optical-systems.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a lens device,
and particularly relates to a lens device configured such
that a first optical system and a second optical system
are combined to be concentric.

2. Description of the Related Art

[0002] There are known imaging apparatuses each of
which captures two images at the same time by using a
lens device, which is configured such that a first optical
system and a second optical system are combined to be
concentric, and an image sensor which pupil-divides re-
spectively rays incident through the first optical system
and the second optical system of the lens device and
which selectively receives the rays by pixels (For exam-
ple, JP2015-119456A). In a case of using the imaging
apparatus, for example, by forming the first optical sys-
tem as a wide-angle optical system and forming the sec-
ond optical system as a telephoto optical system, it is
possible to capture a wide-angle image and a telephoto
image at the same time.

SUMMARY OF THE INVENTION

[0003] However, in the past, the lens device used in
this type of the imaging apparatus has a problem that it
is not possible to adjust the light amount since no stop
is provided.
[0004] Further, focus adjustment is also performed by
moving a lens common to each optical system back and
forth in the direction of the optical axis or by moving the
image sensor back and forth in the direction of the optical
axis. Thus, there is a disadvantage in that it is not possible
to perform adjustment individually.
[0005] The present invention has been made in con-
sideration of the above-mentioned situations, and an ob-
ject thereof is to provide a lens device capable of individ-
ually adjusting the light amount of each optical system
and individually performing focus adjustment on each op-
tical system.
[0006] Means for solving the problems are as follows.

(1) A lens device comprises: a first optical system;
a second optical system that is disposed concentri-
cally with the first optical system and has an annular
shape; a first stop that adjusts a light amount of light
passing through the first optical system; a second
stop that adjusts a light amount of light passing
through the second optical system; a first optical sys-
tem driving section that integrally moves the first op-
tical system and the first stop along an optical axis;
and a second optical system driving section that in-

tegrally moves the second optical system and the
second stop along the optical axis.
According to the present aspect, the lens device,
which is configured such that the first optical system
and the second optical system are combined to be
concentric, comprises a first stop that adjusts a light
amount of the first optical system and a second stop
that adjusts a light amount of the second optical sys-
tem. Thereby, it is possible to adjust individually the
light amounts of the first optical system and the sec-
ond optical system. Further, according to the present
aspect, the lens device comprises the first optical
system driving section that moves the first optical
system along the optical axis and the second optical
system driving section that moves the second optical
system along the optical axis. Thereby, it is possible
to perform focus adjustment individually on the first
optical system and the second optical system. Fur-
thermore, since the stop is integrally moved in a case
where each optical system is moved, the light
amount is capable of being adjusted at the optimum
position of each optical system.
(2) In the lens device of (1), the first stop has a first
light blocking section of which an inner diameter is
capable of being increased or decreased and which
has an annular shape, and the second stop has a
second light blocking section of which an outer di-
ameter is capable of being increased or decreased
and which has an annular shape.
According to the present aspect, the first stop has
the first light blocking section of which the inner di-
ameter is capable of being increased or decreased
and which has an annular shape. With such a con-
figuration, by increasing or decreasing the inner di-
ameter of the first light blocking section, a region, in
which light is blocked, expands inward, and thus the
light amount of the first optical system is adjusted.
Further, the second stop has the second light block-
ing section of which the outer diameter is capable of
being increased or decreased and which has an an-
nular shape. With such a configuration, by increasing
or decreasing the outer diameter of the second light
blocking section, a region, in which light is blocked,
expands outward, and thus the light amount of the
second optical system is adjusted.
(3) In the lens device of (2), the second stop has a
plurality of second fulcrums that are arranged with
regular intervals on a same circumference, a plurality
of second stop blades that are swingably supported
by the second fulcrums, are arranged to overlap, and
compose the second light blocking section, and a
second stop blade driving section that swings the
second stop blades synchronously. By swinging the
second stop blades synchronously through the sec-
ond stop blade driving section so as to increase or
decrease the outer diameter of the second light
blocking section, a light amount of the light passing
through the second optical system is adjusted.
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According to the present aspect, the second light
blocking section having an annular shape is config-
ured such that a plurality of second stop blades is
disposed to overlap with each other. The second
stop increases or decreases the outer diameter of
the second light blocking section by swinging the plu-
rality of second stop blades synchronously.
(4) In the lens device of (3), the second stop blade
driving section has a second stop blade swing driving
member that is disposed coaxially with the second
light blocking section, is swingable in a circumferen-
tial direction, and has an annular shape, a second
cam groove that is disposed the second stop blade
swing driving member or on the second stop blades,
and a second cam pin that is disposed on the other.
According to the present aspect, the second stop
blade driving section is composed of a so-called cam
mechanism. Thereby, it is possible to drive the sec-
ond stop with a simple configuration.
(5) The lens device of (4) may further comprise a
second stop blade supporting member that is trans-
parent, and the second stop blade supporting mem-
ber has the second fulcrum.
According to the present aspect, the second stop
blade supporting member, which is transparent,
comprises the second fulcrum. Thereby, it is possible
to support the second stop without preventing light
from passing, in a region through which light passes.
(6) In the lens device of (2), the second stop is com-
posed of liquid crystal elements.
According to the present aspect, the second stop is
composed of liquid crystal elements. In this case, for
example, the liquid crystal forms an annular light
blocking region, the outer diameter of the light block-
ing region is increased or decreased, and thereby
the light amount of light passing through the second
optical system is adjusted. In the second optical sys-
tem, the light blocking region expands from the inside
to the outside, and thereby the light amount of light
passing therethrough is adjusted to be reduced.
(7) In the lens devices of (2) to (6), the first stop has
a plurality of first fulcrums that are arranged with reg-
ular intervals on a same circumference, a plurality
of first stop blades that are swingably supported by
the first fulcrums, are arranged to overlap, and com-
pose the first light blocking section, and a first stop
blade driving section that swings the first stop blades
synchronously. By swinging the first stop blades syn-
chronously through the first stop blade driving sec-
tion so as to increase or decrease the inner diameter
of the first light blocking section, a light amount of
the light passing through the first optical system is
adjusted.
According to the present aspect, the first light block-
ing section having an annular shape is configured
such that a plurality of first stop blades is disposed
to overlap with each other. The first stop increases
or decreases the inner diameter of the first light

blocking section by swinging the plurality of first stop
blades synchronously.
(8) In the lens device of (7), the first stop blade driving
section has a first stop blade swing driving member
that is disposed coaxially with the first light blocking
section, is swingable in a circumferential direction,
and has an annular shape, a first cam groove that is
disposed on the first stop blade swing driving mem-
ber or on the first stop blades, and a first cam pin
that is disposed on the other.
According to the present aspect, the first stop blade
driving section is composed of a so-called cam
mechanism. Thereby, it is possible to drive the first
stop with a simple configuration.
(9) The lens device of (8) may further comprise a
first stop blade supporting member that is transpar-
ent, and the first stop blade supporting member has
the first fulcrum.
According to the present aspect, the first stop blade
supporting member, which is transparent, comprises
the first fulcrum. Thereby, it is possible to support
the first stop without preventing light from passing,
in a region through which light passes.
(10) In the lens devices of (2) to (6), the first stop is
composed of liquid crystal elements.
According to the present aspect, the first stop is com-
posed of liquid crystal elements. In this case, for ex-
ample, the liquid crystal forms an annular light block-
ing region, the inner diameter of the light blocking
region is increased or decreased, and thereby the
light amount of light passing through the first optical
system is adjusted. In the first optical system, the
light blocking region expands from the outside to the
inside, and thereby the light amount of light passing
therethrough is adjusted to be reduced.
(11) A lens device comprises: a first optical system;
a second optical system that is disposed concentri-
cally with the first optical system and has an annular
shape; a first optical system driving section that
moves the first optical system along an optical axis;
a second optical system driving section that moves
the second optical system along the optical axis; and
a common stop that blocks light at a boundary be-
tween the first optical system and the second optical
system, has a common light blocking section of
which an inner diameter and an outer diameter are
capable of being increased or decreased and which
has an annular shape, and adjusts a light amount of
light passing through the first optical system and the
second optical system by increasing or decreasing
the inner diameter and the outer diameter of the com-
mon light blocking section.
According to the present aspect, the lens device
comprises the first optical system driving section that
moves the first optical system along the optical axis
and the second optical system driving section that
moves the second optical system along the optical
axis. Thereby, it is possible to perform focus adjust-
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ment individually on the first optical system and the
second optical system. Further, according to the
present aspect, the lens device, which is configured
such that the first optical system and the second op-
tical system are combined to be concentric, compris-
es a common stop that adjusts the light amounts of
the first optical system and the second optical system
at the same time. Thereby, it is possible to make the
lens device compact.
It should be noted that the boundary between the
first optical system and the second optical system
means the boundary between the pupil regions of
the first optical system and the second optical sys-
tem.
(12) In the lens device of (11), the common stop has
a plurality of fulcrums that are arranged with regular
intervals on a same circumference, a plurality of stop
blades that are swingably supported by the fulcrums,
are arranged to overlap, and compose the common
light blocking section, and a stop blade driving sec-
tion that swings the stop blade synchronously. By
swinging the stop blades synchronously through the
stop blade driving section so as to decrease an inner
diameter in conjunction with an increase of the outer
diameter of the common light blocking section and
increase the inner diameter in conjunction with a de-
crease of the outer diameter, light amounts of light
passing through the first optical system and the sec-
ond optical system are adjusted.
According to the present aspect, the common stop
has the common light blocking section having an an-
nular shape. With such a configuration, by increasing
or decreasing the outer diameter and the inner di-
ameter of the common light blocking section, the light
amounts of the first optical system and the second
optical system are adjusted. At this time, the inner
diameter of the common light blocking section de-
creases in conjunction with the increase in outer di-
ameter, and the inner diameter increases in conjunc-
tion with the decrease in outer diameter. In a case
where the outer diameter of the common light block-
ing section increases, the light blocking region of the
second optical system expands from the inside to
the outside, and thereby the light amount of light
passing through the second optical system is adjust-
ed to be reduced. Further, in a case where the inner
diameter of the common light blocking section de-
creases, the light blocking region of the first optical
system expands from the outside to the inside, and
thereby the light amount of light passing through the
first optical system is adjusted to be reduced. Ac-
cordingly, the stops of the first optical system and
the second optical system are simultaneously re-
duced, and simultaneously opened. The common
light blocking section is configured such that a plu-
rality of stop blades is disposed to overlap. With such
a configuration, by swinging the plurality of stop
blades synchronously, the outer diameter and the

inner diameter are increased or decreased in con-
junction with each other.
(13) In the lens device of (12), the stop blade driving
section has a stop blade swing driving member that
is disposed coaxially with the common light blocking
section, is swingable in a circumferential direction,
and has an annular shape, a cam groove that is dis-
posed on the stop blade swing driving member or on
the stop blades, and a cam pin that is disposed on
the other.
According to the present aspect, the stop blade driv-
ing section is composed of a so-called cam mecha-
nism. Thereby, it is possible to drive the common
stop with a simple configuration.
(14) The lens device of (13) may further comprise a
stop blade supporting member that is transparent,
and the stop blade supporting member has the ful-
crum.
According to the present aspect, the stop blade sup-
porting member, which is transparent, comprises the
fulcrum. Thereby, it is possible to support the com-
mon stop without preventing light from passing, in a
region through which light passes.
(15) In the lens device of (11), the common stop is
composed of liquid crystal elements.
According to the present aspect, the common stop
is composed of liquid crystal elements. In this case,
for example, the liquid crystal forms an annular light
blocking region, the outer diameter and the inner di-
ameter of the light blocking region is increased or
decreased, and thereby the light amounts of light
passing through the first optical system and the sec-
ond optical system are adjusted.
(16) In the lens devices of (11) to (15), the first optical
system driving section integrally moves the first op-
tical system and the common stop along the optical
axis.
According to the present aspect, the common stop
integrally moves with the first optical system.
(17) In the lens devices of (11) to (15), the second
optical system driving section integrally moves the
second optical system and the common stop along
the optical axis.
According to the present aspect, the common stop
integrally moves with the second optical system.
(18) In the lens devices of (11) to (15), the common
stop remains stationary at a certain position.
According to the present aspect, the common stop
is provided to remain stationary at a certain position.
(19) The lens devices of (1) to (18) further comprises
a common stop moving section that moves the com-
mon stop along the optical axis.
According to the present aspect, the common stop
is provided to be movable along the optical axis.
Thereby, in accordance with positions of the first op-
tical system and the second optical system, the com-
mon stop is capable of being provided at an optimum
position.
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(20) The first optical system and the second optical
system have imaging characteristics different from
each other.
According to the present aspect, the imaging char-
acteristics of the first optical system and the second
optical system are different from each other. There-
by, it is possible to capture images with the different
imaging characteristics at the same time.
(21) In the lens device of (20), the first optical system
and the second optical system have focal lengths
different from each other.
According to the present aspect, optical systems
having focal lengths different from each other com-
pose the first optical system and the second optical
system. For example, in a case where an optical sys-
tem having a focal length shorter than that of the
second optical system composes the first optical sys-
tem, it is possible to capture a wide-angle image with
a wide angle of view through the first optical system
and a telephoto image with a narrow angle of view
through the second optical system.
(22) In the lens device of (20), the first optical system
and the second optical system have focusing dis-
tances different from each other.
According to the present aspect, optical systems
having focusing distances different from each other
compose the first optical system and the second op-
tical system. For example, in a case where an optical
system performing focusing at a range shorter than
that of the second optical system composes the first
optical system, it is possible to capture a short range
image through the first optical system and a long
range image through the second optical system.
(23) In the lens device of (20), the first optical system
and the second optical system have transmission
wavelength characteristics different from each other.

[0007] According to the present aspect, optical sys-
tems having transmission wavelength characteristics dif-
ferent from each other compose the first optical system
and the second optical system. For example, the first
optical system is composed of an optical system having
transmission wavelength characteristics suitable for im-
aging through visible light, and the second optical system
is composed of an optical system having transmission
wavelength characteristics suitable for imaging through
infrared light. Thereby, it is possible to capture a visible
light image through the first optical system and an infrared
image through the second optical system.
[0008] According to the present invention, it is possible
to individually adjust the light amount of each optical sys-
tem, and it is possible to individually perform focus ad-
justment on each optical system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 is a schematic configuration diagram of an
imaging unit composed of a lens device and an im-
age sensor.
Fig. 2 is a view illustrating ray trajectories of light
passing through a first optical system.
Fig. 3 is a view illustrating ray trajectories of light
passing through a second optical system.
Fig. 4 is an exploded perspective view of the first
stop.
Fig. 5 is a front view illustrating a configuration of
arrangement of first stop blades.
Fig. 6 is an explanatory diagram of the operation of
a first stop.
Fig. 7 is an exploded perspective view of a second
stop.
Fig. 8 is a front view of a second stop blade compos-
ing the second stop.
Fig. 9 is a front view illustrating a configuration of
arrangement of second stop blades.
Fig. 10 is an explanatory diagram of the operation
of the second stop.
Fig. 11 is a cross-sectional view illustrating a sche-
matic configuration of a first optical system driving
section.
Figs. 12A and 12B are explanatory diagrams of the
operation of the first optical system driven by the first
optical system driving section.
Fig. 13 is a cross-sectional view illustrating a sche-
matic configuration of a second optical system driv-
ing section.
Figs. 14A and 14B are explanatory diagrams of the
operation of the second optical system driven by the
second optical system driving section.
Fig. 15 is a schematic configuration diagram of an
image sensor.
Fig. 16 is a conceptual diagram of a configuration in
which rays incident through the first optical system
and the second optical system are pupil-divided and
selectively received by each pixel.
Fig. 17 is a diagram illustrating incident angle sen-
sitivity characteristics of first and second pixels which
are adjacent.
Figs. 18A to 18C are views for explaining an effect
of interference prevention performed by a stop.
Fig. 19 is a front view illustrating an example of the
first stop composed of liquid crystal elements.
Figs. 20A and 20B are explanatory diagrams of the
operation of the first stop composed of liquid crystal
elements.
Fig. 21 is a front view illustrating an example of the
second stop composed of liquid crystal elements.
Figs. 22A and 22B are explanatory diagrams of the
operation of the second stop composed of liquid
crystal elements.
Fig. 23 is a schematic configuration diagram of a
second embodiment of an imaging unit.
Fig. 24 is an exploded perspective view of a common
stop.
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Fig. 25 is a front view of a stop blade composing a
common stop.
Fig. 26 is a front view illustrating a configuration of
arrangement of stop blades.
Fig. 27 is an explanatory diagram of the operation
of the common stop.
Fig. 28 is a front view illustrating an example of the
second stop composed of liquid crystal elements.
Figs. 29A and 29B are explanatory diagrams of the
operation of the common stop composed of liquid
crystal elements.
Figs. 30A and 30B are explanatory diagrams of the
operation of the first optical system driven by the first
optical system driving section.
Figs. 31A and 31B are explanatory diagrams of the
operation of the first optical system driven by the
second optical system driving section.
Figs. 32A and 32B are explanatory diagrams of the
operation of the common stop that moves together
with the second optical system.
Fig. 33 is a block diagram illustrating a system con-
figuration of an imaging apparatus.
Fig. 34 is a schematic configuration diagram illus-
trating an example of another embodiment of the
lens device.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0010] Hereinafter, preferred embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings.

[First Embodiment]

«Imaging Unit»

[0011] Fig. 1 is a schematic configuration diagram of
an imaging unit composed of a lens device and an image
sensor.
[0012] The imaging unit 1 is composed of a lens device
10 and an image sensor 100, receives light, which passes
through the lens device 10, through the image sensor
100, converts the light into an electrical signal, and out-
puts the signal.
[0013] The lens device 10 is configured such that a
first optical system 20 and a second optical system 30
are combined to be concentric. The first optical system
20 and the second optical system 30 are composed of
optical systems having imaging characteristics different
from each other. In the lens device 10 of the present
embodiment, the first optical system 20 and the second
optical system 30 are composed of optical systems hav-
ing focal lengths different from each other. In particular,
in the lens device 10 of the present embodiment, the first
optical system 20 is composed of an optical system hav-
ing a focal length shorter than that of the second optical
system 30. Therefore, in the lens device 10 of the present

embodiment, a wide-angle image having a wide angle of
view is captured through the first optical system 20 and
a telephoto image having a narrow angle of view is cap-
tured through the second optical system 30. The lens
device 10 will be described later in detail.
[0014] The image sensor 100 is composed of a so-
called directional sensor, pupil-divides the rays incident
through the first optical system 20 and the second optical
system 30, selectively receives light through pixels which
are two-dimensionally arranged, and converts the light
into an electric signal. Therefore, it is possible to acquire
an image signal of an image obtained through the first
optical system 20 by acquiring the electric signal of the
pixels receiving the light passing through the first optical
system 20, and it is possible to acquire an image signal
of an image obtained through the second optical system
30 by acquiring the electric signal of the pixels receiving
the light passing through the second optical system 30.
The image sensor 100 will be described later in detail.

«Details of Lens Device»

[0015] As described above, the lens device 10 is con-
figured such that the first optical system 20 and the sec-
ond optical system 30 having different focal lengths from
each other are combined to be concentric.
[0016] The lens device 10 is configured to mainly com-
prise: a first optical system 20; a second optical system
30 that is disposed concentrically with the first optical
system 20 and has an annular shape; a common lens 40
that is common to the first optical system 20 and the
second optical system 30; a first stop 50 that adjusts a
light amount of light passing through the first optical sys-
tem 20; a second stop 60 that adjusts a light amount of
light passing through the second optical system 30; a
first optical system driving section 70 that integrally
moves the first optical system 20 and the first stop 50
along an optical axis L; and a second optical system driv-
ing section 80 that integrally moves the second optical
system 30 and the second stop 60 along the optical axis
L. Each component is disposed in a lens barrel which is
not shown.

<First Optical System>

[0017] The first optical system 20 is composed by com-
bining a plurality of lenses. The wide-angle lens group
composing the first optical system 20 is composed of a
first wide-angle lens 20a, a second wide-angle lens 20b,
a third wide-angle lens 20c, and a fourth wide-angle lens
20d. The first wide-angle lens 20a, the second wide-an-
gle lens 20b, the third wide-angle lens 20c, and the fourth
wide-angle lens 20d are arranged in order of the first
wide-angle lens 20a, the second wide-angle lens 20b,
the third wide-angle lens 20c, and the fourth wide-angle
lens 20d from the subject side, and are arranged along
the optical axis L, respectively.
[0018] Fig. 2 is a view illustrating ray trajectories of light

9 10 
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passing through a first optical system. As shown in the
drawing, the light incident on the first optical system 20
passes through the first wide-angle lens 20a, the second
wide-angle lens 20b, the third wide-angle lens 20c, and
the fourth wide-angle lens 20d in this order, and is inci-
dent on the common lens 40.
[0019] The first optical system 20 is provided to be
movable back and forth along the optical axis L. The first
wide-angle lens 20a, the second wide-angle lens 20b,
the third wide-angle lens 20c, and the fourth wide-angle
lens 20d composing the first optical system 20 moves
along the optical axis L while keeping the positional re-
lationships thereof constant.

<Second Optical System>

[0020] The second optical system 30 is disposed con-
centrically with the first optical system 20. Consequently,
the optical axis thereof is commonly used in the first op-
tical system 20.
[0021] The second optical system 30 is composed of
a so-called reflection telephoto type optical system, and
is composed by combining an annular lens and an an-
nular mirror. The telephoto lens group composing the
second optical system 30 is composed of a first telephoto
lens 30a, a first telephoto mirror 30b, and a second tel-
ephoto mirror 30c. The first telephoto lens 30a, the first
telephoto mirror 30b, and the second telephoto mirror
30c are arranged along the optical path from the subject
side to the common lens 40 in order of the first telephoto
lens 30a, the first telephoto mirror 30b, and the second
telephoto mirror 30c, and are arranged along the optical
axis L, respectively.
[0022] Fig. 3 is a view illustrating ray trajectories of light
passing through the second optical system. As shown in
the drawing, the light incident on the second optical sys-
tem 30 is transmitted through the first telephoto lens 30a,
is reflected by the first telephoto mirror 30b, is further
reflected by the second telephoto mirror 30c, and is in-
cident on the common lens 40.
[0023] The second optical system 30 is provided to be
movable back and forth along the optical axis L. The first
telephoto lens 30a, the first telephoto mirror 30b, and the
second telephoto mirror 30c composing the second op-
tical system 30 move along the optical axis L while keep-
ing the positional relationships thereof constant.

<Common Lens>

[0024] The common lens 40 is a lens commonly used
in the first optical system 20 and the second optical sys-
tem 30, and is disposed to remain stationary at a certain
position on the optical axis L. The common lens 40 ad-
justs the incident angle of light incident on the image sen-
sor 100. The light, which passes through the first optical
system 20 and the second optical system 30, is incident
on the image sensor 100 through the common lens 40.

<First Stop>

[0025] The first stop 50 adjusts the light amount of light
passing through the first optical system 20. The first stop
50 is disposed on the optical axis L and is disposed be-
tween the second wide-angle lens 20b and the third wide-
angle lens 20c composing the first optical system 20.
[0026] Fig. 4 is an exploded perspective view of the
first stop. Fig. 5 is a front view illustrating a configuration
of arrangement of the first stop blades.
[0027] The first stop 50 is configured to mainly com-
prises a plurality of first stop blades 52, a first stop blade
supporting member 54 that swingably supports the plu-
rality of first stop blades 52, a first stop blade swing driving
member 56 that swings the plurality of first stop blades
52 synchronously, and a first actuator (not shown in the
drawing) that operates the first stop blade swing driving
member 56.
[0028] The plurality of first stop blades 52 all has the
same shape. The respective first stop blades 52 are ar-
ranged with regular intervals on the same circumference,
and are arranged such that the first stop blades 52 ad-
jacent to each other overlap each other. As shown in Fig.
5, the first stop blades 52 arranged in such a manner
form a first light blocking section 58, which has an annular
shape, as a whole. Fig. 5 shows a state in which the first
stop 50 is released, that is, a state in which the first stop
50 is fully opened. In this case, the inner diameter of the
first light blocking section 58, which has an annular
shape, is the maximum.
[0029] As shown in Fig. 4, the first stop blade support-
ing member 54 is composed of an annular plate material.
The first stop blade supporting member 54 is disposed
coaxially with the first light blocking section 58 which has
an annular shape. The first stop blade supporting mem-
ber 54 comprises a plurality of bearing holes 54A. The
bearing holes 54A are arranged with regular intervals on
the same circumference. Each bearing hole 54A com-
poses a first fulcrum.
[0030] Each of the first stop blades 52 is provided with
a first swing shaft 52A that is able to be fitted into the
bearing hole 54A. Each of the first stop blades 52 is
swingably supported on the first stop blade supporting
member 54 by fitting the first swing shaft 52A in the bear-
ing hole 54A.
[0031] As shown in Fig. 4, the first stop blade swing
driving member 56 is composed of an annular plate ma-
terial. The first stop blade swing driving member 56 is
disposed coaxially with the first light blocking section 58
and supported by a supporting member, which is not
shown, so as to be swingable in the circumferential di-
rection. The first stop blades 52 are arranged to be sand-
wiched between the first stop blade swing driving mem-
ber 56 and the first stop blade supporting member 54.
[0032] The first stop blade swing driving member 56
comprises a plurality of first cam grooves 56A. The plu-
rality of first cam grooves 56A all has the same shape,
and is disposed at regular intervals on the same circum-
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ference.
[0033] Each of the first stop blades 52 comprises a first
cam pin 52B. The first cam pin 52B is fitted into each of
the first cam grooves 56A. In a case where the first cam
pin 52B is fitted into the first cam groove 56A, the first
stop blade swing driving member 56 is swung, and then
the first stop blades 52 swing in conjunction with the mo-
tion of the first stop blade swing driving member 56.
[0034] The first cam pins 52B, the first cam grooves
56A, and the first stop blade swing driving member 56
compose a first stop blade driving section for synchro-
nously swinging the first stop blades 52.
[0035] The first actuator, which is not shown, is com-
posed of, for example, a motor, and swings the first stop
blade swing driving member 56 in the circumferential di-
rection.
[0036] The first stop 50 is configured as described
above.
[0037] Fig. 6 is an explanatory diagram of the operation
of the first stop.
[0038] In a case where the first stop blade swing driving
member 56 is swung, all the first stop blades 52 swing
synchronously around the bearing hole 54A as the first
fulcrum by the action of the first cam grooves 56A and
the first cam pins 52B. As a result, the inner diameter of
the first light blocking section 58 composed of the first
stop blades 52 is increased or decreased.
[0039] As described above, the first stop 50 is disposed
between the second wide-angle lens 20b and the third
wide-angle lens 20c. The light incident on the first optical
system 20 passes through the inside of the first stop 50
and is incident on the image sensor 100 (refer to Fig. 2).
More specifically, the light passes through the inside of
the first light blocking section 58 composed of the first
stop blades 52 and is incident on the image sensor 100.
In the first stop 50, in a case where the first stop blade
52 is swung, the inner diameter of the first light blocking
section 58 is increased or decreased. Therefore, by in-
creasing and decreasing the inner diameter of the first
light blocking section 58, it is possible to adjust the light
amount of the light passing through the first optical sys-
tem 20.
[0040] Since the optical path of the light passing
through the second optical system 30 is on the outside
of the first stop 50, the first stop 50 is provided in consid-
eration of the optical path of the second optical system
30. Preferably, in a state where the stop is released, the
first light blocking section 58 is provided so as to block
the light at the boundary between the pupil regions of the
first optical system 20 and the second optical system 30.
As a result, it is possible to improve separability of light
incident on the image sensor 100 through the first optical
system 20 and light incident on the image sensor 100
through the second optical system 30, and thus it is pos-
sible to effectively suppress interference therebetween.

<Second Stop>

[0041] The second stop 60 adjusts the light amount of
light passing through the second optical system 30. The
second stop 60 is disposed on the optical axis L and is
disposed immediately behind the second telephoto mir-
ror 30c composing the second optical system 30.
[0042] Fig. 7 is an exploded perspective view of the
second stop. Further, Fig. 8 is a front view of the second
stop blade composing the second stop, and Fig. 9 is a
front view illustrating a configuration of arrangement of
the second stop blades.
[0043] As shown in Fig. 7, the second stop 60 is con-
figured to mainly comprise a plurality of second stop
blades 62, a second stop blade supporting member 64
that swingably supports the plurality of second stop
blades 62, a second stop blade swing driving member
66 that swings the plurality of second stop blades 62 syn-
chronously, and a second actuator (not shown in the
drawing) that operates the second stop blade swing driv-
ing member 66.
[0044] The second stop blades 62 all have the same
shape, and have an arcuate shape as shown in Fig. 8.
As shown in Fig. 9, the second stop blades 62 are re-
spectively arranged with regular intervals on the same
circumference, and the second stop blades 62 adjacent
to each other are arranged to overlap with each other.
The second stop blades 62 arranged in such a manner
form the second light blocking section 68 having an an-
nular shape as a whole. Fig. 9 shows a state in which
the second stop 60 is released, that is, a state in which
the second stop 60 is fully opened. In this case, the outer
diameter of the second light blocking section 68 is mini-
mized.
[0045] The second stop blade supporting member 64
is disposed coaxially with the second light blocking sec-
tion 68. As shown in Fig. 7, the second stop blade sup-
porting member 64 is configured to comprise an inner
frame 64A, an outer frame 64B, three support arms 64C,
and bearings 64D. Both the inner frame 64A and the outer
frame 64B are composed of annular frames, and are ar-
ranged concentrically. The three support arms 64C are
arranged radially, and connect the inner frame 64A and
the outer frame 64B to each other. The bearings 64D are
provided in the inner frame 64A, and are arranged with
regular intervals in the circumferential direction. Each
bearing 64D composes a second fulcrum.
[0046] Each second swing shaft 62A, which is capable
of being fitted into the bearing 64D, is provided at the
base end section of each second stop blade 62. Each
second stop blade 62 is swingably supported by the sec-
ond stop blade supporting member 64 by fitting the sec-
ond swing shaft 62A into the bearing 64D.
[0047] The second stop blade swing driving member
66 is disposed coaxially with the second light blocking
section 68. As shown in Fig. 7, the second stop blade
swing driving member 66 is composed of an annular plate
material, and comprises a fitting portion 66A having an
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annular shape at the inner peripheral portion thereof. By
fitting the fitting portion 66A into the inner peripheral por-
tion of the second stop blade supporting member 64, the
second stop blade swing driving member 66 is disposed
coaxially with the second stop blade supporting member
64 and the second light blocking section 68, and is sup-
ported swingably in the circumferential direction.
[0048] The second stop blade swing driving member
66 comprises a plurality of second cam pins 66B. The
second cam pins 66B are arranged with regular intervals
on the same circumference.
[0049] Each of the second stop blades 62 comprises
a second cam groove 62B. The second cam pin 66B is
fitted into each of the second cam grooves 62B. In a case
where the second cam pin 66B is fitted into each of the
second cam grooves 62B, the second stop blade swing
driving member 66 is swung, and then the second stop
blades 62 swing in conjunction with the motion of the
second stop blade swing driving member 66.
[0050] The second cam grooves 62B, the second cam
pins 66B, and the second stop blade swing driving mem-
ber 66 compose a second stop blade driving section for
synchronously swinging the second stop blades 62.
[0051] The second actuator, which is not shown, is
composed of, for example, a motor, and swings the sec-
ond stop blade swing driving member 66 in the circum-
ferential direction.
[0052] Fig. 10 is an explanatory diagram of the oper-
ation of the second stop.
[0053] In a case where the second stop blade swing
driving member 66 is swung, all the second stop blades
62 swing synchronously around the bearing 64D as the
second fulcrum by the action of the second cam pins 66B
and the second cam grooves 62B. As a result, the outer
diameter of the second light blocking section 68 com-
posed of the second stop blades 62 is increased or de-
creased.
[0054] As described above, the second stop 60 is dis-
posed immediately behind the second telephoto mirror
30c. The light incident on the second optical system 30
passes through the outside of the second stop 60 and is
incident on the image sensor 100 (refer to Fig. 3). More
specifically, the light passes through the outside of the
second light blocking section 68 composed of the second
stop blade 62 and is incident on the image sensor 100.
In the second stop 60, in a case where the second stop
blade 62 is swung, the outer diameter of the second light
blocking section 68 is increased or decreased. Therefore,
by increasing and decreasing the outer diameter of the
second light blocking section 68, it is possible to adjust
the light amount of the light passing through the second
optical system 30.
[0055] Since the optical path of the light passing
through the first optical system 20 is on the outside of
the second stop 60, the second stop 60 is provided in
consideration of the optical path of the second optical
system 30. Preferably, in a state where the stop is re-
leased, the second light blocking section 68 is provided

so as to block the light at the boundary between the pupil
regions of the first optical system 20 and the second op-
tical system 30. As a result, it is possible to improve sep-
arability of light incident on the image sensor 100 through
the first optical system 20 and light incident on the image
sensor 100 through the second optical system 30, and
thus it is possible to effectively suppress interference
therebetween.

<First Optical System Driving Section>

[0056] The first optical system driving section 70 inte-
grally moves the first optical system 20 and the first stop
50 along the optical axis L.
[0057] Fig. 11 is a cross-sectional view illustrating a
schematic configuration of the first optical system driving
section.
[0058] The first optical system driving section 70 is con-
figured to comprise a first optical system holding member
72 that holds the first stop 50 and the lens groups com-
posing the first optical system 20, a first guide mechanism
74 that guides the first optical system holding member
72 along the optical axis L, and a first driving mechanism
76 that moves the first optical system holding member
72 along the optical axis L.
[0059] The first optical system holding member 72 has
a cylindrical shape as a whole, and comprises a lens
holding portion inside the first optical system holding
member 72. The first wide-angle lens 20a, the second
wide-angle lens 20b, the third wide-angle lens 20c, and
the fourth wide-angle lens 20d composing the first optical
system 20 are held by this lens holding portion.
[0060] The first optical system holding member 72
comprises a stop holding portion between the lens hold-
ing portion of the second wide-angle lens 20b and the
lens holding portion of the third wide-angle lens 20c. The
first stop 50 is held by the stop holding portion and inte-
grated with the first optical system 20.
[0061] The first guide mechanism 74 is configured to
comprise a first guide shaft 74A, a first guide sleeve 74B
that slides along the first guide shaft 74A, and a first guide
arm 74C that connects the first guide sleeve 74B and the
first optical system holding member 72.
[0062] The first guide shaft 74A has a bar shape and
is disposed in parallel with the optical axis L. The lens
barrel 12 comprises a support portion that supports the
first guide shaft 74A. Both ends of the first guide shaft
74A are supported by the support portions, and arranged
in parallel with the optical axis L.
[0063] The first guide sleeve 74B is provided so as to
be slidable along the first guide shaft 74A by being fitted
into the first guide shaft 74A. Since the first guide shaft
74A is disposed along the optical axis L, the first guide
sleeve 74B slides along the optical axis L.
[0064] The first guide arm 74C connects the first guide
sleeve 74B and the first optical system holding member
72. As a result, the first optical system holding member
72 is supported so as to be movable along the optical
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axis L.
[0065] The first driving mechanism 76 is configured to
comprise a first screw bar 76A that is composed of a so-
called feed screw mechanism, a first nut 76B, a first driv-
ing arm 76C that connects the first nut 76B and the first
optical system holding member 72, and a first optical sys-
tem driving motor 76D.
[0066] The first screw bar 76A is disposed in parallel
with the optical axis L. The lens barrel 12 comprises a
support portion that rotatably supports the first guide
shaft 74A. Both ends of the first screw bar 76A are sup-
ported by the support portions, and are arranged in par-
allel to the optical axis L.
[0067] The first nut 76B is provided so as to be movable
along the first screw bar 76A by being fitted into the first
screw bar 76A. Since the first screw bar 76A is disposed
along the optical axis L, the first nut 76B moves along
the optical axis L.
[0068] The first driving arm 76C connects the first nut
76B and the first optical system holding member 72. As
a result, the first optical system holding member 72
moves together with the first nut 76B.
[0069] The first optical system driving motor 76D is pro-
vided on the lens barrel 12, and rotationally drives the
first screw bar 76A.
[0070] In the first optical system driving section 70 con-
figured as described above, in a case where the first op-
tical system driving motor 76D is driven, the first screw
bar 76A rotates. In a case where the first screw bar 76A
rotates, the first nut 76B moves along the first screw bar
76A. As a result, the first optical system holding member
72 connected to the first nut 76B moves along the optical
axis L, and the first optical system 20 and the first stop
50 held by the first optical system holding member 72
move along the optical axis L.
[0071] Figs. 12A and 12B are explanatory diagrams of
the operation of the first optical system driven by the first
optical system driving section.
[0072] As shown in the drawing, the first optical system
20 and the first stop 50 integrally move back and forth
on the optical axis L. At this time, the first optical system
20 and the first stop 50 move on the optical axis L inde-
pendently of the second optical system 30 and the sec-
ond stop 60.

<Second Optical System Driving Section>

[0073] The second optical system driving section 80
integrally moves the second optical system 30 and the
second stop 60 along the optical axis L.
[0074] Fig. 13 is a cross-sectional view illustrating a
schematic configuration of the second optical system
driving section.
[0075] The second optical system driving section 80 is
configured to comprise a second optical system holding
member 82 that holds the second stop 60 and the lens
groups composing the second optical system 30, a sec-
ond guide mechanism 84 that guides the second optical

system holding member 82 along the optical axis L, and
a second driving mechanism 86 that moves the second
optical system holding member 82 along the optical axis
L.
[0076] The second optical system holding member 82
has a cylindrical shape as a whole, and comprises a lens
holding portion and a mirror holding portion inside the
second optical system holding member 82. The first tel-
ephoto lens 30a, the first telephoto mirror 30b, and the
second telephoto mirror 30c composing the second op-
tical system 30 are held by the lens holding portion and
the mirror holding portion.
[0077] Further, the second optical system holding
member 82 comprises a stop holding portion inside there-
of. In the second stop 60, the outer frame 64B is held by
the stop holding portion, and integrated with the second
optical system 30.
[0078] The second guide mechanism 84 is configured
to comprise a second guide shaft 84A, a second guide
sleeve 84B that slides along the second guide shaft 84A,
and a second guide arm 84C that connects the second
guide sleeve 84B and the second optical system holding
member 82.
[0079] The second guide shaft 84A has a bar shape
and is disposed in parallel with the optical axis L. The
lens barrel 12 comprises a support portion that supports
the second guide shaft 84A. Both ends of the second
guide shaft 84A are supported by the support portions
and arranged in parallel to the optical axis L.
[0080] The second guide sleeve 84B is provided so as
to be slidable along the second guide shaft 84A by being
fitted into the second guide shaft 84A. Since the second
guide shaft 84A is disposed along the optical axis L, the
second guide sleeve 84B slides along the optical axis L.
[0081] The second guide arm 84C connects the sec-
ond guide sleeve 84B and the second optical system
holding member 82. Thereby, the second optical system
holding member 82 is supported so as to be movable
along the optical axis L.
[0082] The second driving mechanism 86 is configured
to comprise a second screw bar 86A that is composed
of a so-called feed screw mechanism, a second nut 86B,
a second driving arm 86C that connects the second nut
86B and the second optical system holding member 82,
and a second optical system driving motor 86D.
[0083] The second screw bar 86A is disposed parallel
to the optical axis L. The lens barrel 12 comprises a sup-
port portion that rotatably supports the second guide
shaft 84A. Both ends of the second screw bar 86A are
supported by the support portions, and are arranged in
parallel to the optical axis L.
[0084] The second nut 86B is provided so as to be
movable along the second screw bar 86A by being fitted
into the second screw bar 86A. Since the second screw
bar 86A is disposed along the optical axis L, the second
nut 86B moves along the optical axis L.
[0085] The second driving arm 86C connects the sec-
ond nut 86B and the second optical system holding mem-

17 18 



EP 3 339 931 A1

11

5

10

15

20

25

30

35

40

45

50

55

ber 82. As a result, the second optical system holding
member 82 moves together with the second nut 86B.
[0086] The second optical system driving motor 86D
is provided on the lens barrel 12 and rotationally drives
the second screw bar 86A.
[0087] In the second optical system driving section 80
configured as described above, in a case where the sec-
ond optical system driving motor 86D is driven, the sec-
ond screw bar 86A rotates. In a case where the second
screw bar 86A rotates, the second nut 86B moves along
the second screw bar 86A. As a result, the second optical
system holding member 82 connected to the second nut
86B moves along the optical axis L, and the second op-
tical system 30 and the second stop 60 held by the second
optical system holding member 82 move along the optical
axis L.
[0088] Figs. 14A and 14B are explanatory diagrams of
the operation of the second optical system driven by the
second optical system driving section.
[0089] As shown in the drawing, the second optical
system 30 and the second stop 60 integrally move back
and forth on the optical axis L. At this time, the second
optical system 30 and the second stop 60 move on the
optical axis L independently of the first optical system 20
and the first stop 50.

«Details of Image Sensor»

[0090] Fig. 15 is a schematic configuration diagram of
the image sensor.
[0091] The image sensor 100 comprises a plurality of
pixels composed of photoelectric conversion elements
two-dimensionally arranged, respectively pupil-divides
rays incident through the first optical system 20 and the
second optical system 30, and selectively receives the
rays by the respective pixels. Therefore, the pixels com-
posing the image sensor 100 include first pixels 110A
that selectively receive the light passing through the first
optical system 20 and second pixels 110B that selectively
receive the light passing through the second optical sys-
tem 30. The first pixels 110A and the second pixels 110B
are alternately arranged.
[0092] Fig. 16 is a conceptual diagram of a configura-
tion in which rays incident through the first optical system
and the second optical system are pupil-divided and se-
lectively received by each pixel.
[0093] In the image sensor 100, each pixel comprises
a micro lens 112 and a light blocking mask 114.
[0094] The microlens 112 is disposed in front of the
photoelectric conversion element. The micro lens 112
composes a pupil image of the first optical system 20 and
the second optical system 30 on the photoelectric con-
version element.
[0095] The light blocking mask 114 is disposed be-
tween the microlens 112 and the photoelectric conver-
sion element. The light blocking mask 114 blocks a part
of light passing through the microlens 112. The light
blocking mask 114 of the first pixel 110A has an annular

shape and blocks light passing through the second opti-
cal system 30. The light blocking mask 114 of the second
pixel 110B has a circular shape and blocks light passing
through the first optical system 20.
[0096] The image sensor 100 configured as described
above is configured such that each pixel has a different
sensitivity depending on the incident angle of light. That
is, each pixel is configured with angular directivity. The
first pixels 110A selectively receive light passing through
the first optical system 20, and the second pixels 110B
selectively receive light passing through the second op-
tical system 30. Therefore, it is possible to acquire an
image signal of an image obtained through the first optical
system 20 by acquiring an image signal of the first pixels
110A, and it is possible to acquire an image signal of an
image obtained through the second optical system 30 by
acquiring an image signal of the second pixels 110B.
[0097] In a case of acquiring a color image, the first
pixels 110A and the second pixels 110B comprise color
filters. The color filters are arranged in a prescribed array.
For example, color filters of three colors of red (R), green
(G), and blue (B) are arranged in a Bayer array. Thereby,
a color image can be acquired.

«Operation of Imaging Unit»

[0098] The operation of the imaging unit 1 of the
present embodiment configured as described above is
as follows.

<Focus Adjustment>

[0099] Focus adjustment is independently performed
on each of the first optical system 20 and the second
optical system 30 composing the lens device 10.

[Focus Adjustment of First Optical System]

[0100] The first optical system 20 is driven by the first
optical system driving motor 76D, thereby performing fo-
cus adjustment.
[0101] In a case where the first optical system driving
motor 76D is driven, the first optical system holding mem-
ber 72 moves back and forth along the optical axis L. The
first optical system holding member 72 holds a wide-an-
gle lens group (the first wide-angle lens 20a, the second
wide-angle lens 20b, the third wide-angle lens 20c, and
the fourth wide-angle lens 20d), and the first stop 50 com-
posing the first optical system 20. Therefore, by moving
the first optical system holding member 72 back and forth
along the optical axis L, as shown in Fig. 12, the first stop
50 and the wide-angle lens group composing the first
optical system 20 integrally move back and forth along
the optical axis L. Thereby, the focus of the first optical
system 20 is adjusted.
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[Focus Adjustment of the Second Optical System]

[0102] The second optical system 30 is driven by the
second optical system driving motor 86D, thereby per-
forming focus adjustment.
[0103] In a case where the second optical system driv-
ing motor 78D is driven, the second optical system hold-
ing member 82 moves back and forth along the optical
axis L. The second optical system holding member 82
holds a telephoto lens group (the first telephoto lens 30a,
the first telephoto mirror 30b, and the second telephoto
mirror 30c) and the second stop 60 composing the sec-
ond optical system 30. Accordingly, by moving the sec-
ond optical system holding member 82 back and forth
along the optical axis L, as shown in Fig. 14, the second
stop 60 and the wide-angle lens group composing the
second optical system 30 integrally move back and forth
along the optical axis L. Thereby, the focus of the second
optical system 30 is adjusted.

<Light Amount Adjustment>

[0104] The light amount of each of the first optical sys-
tem 20 and the second optical system 30 composing the
lens device 10 is independently adjusted.

[Adjustment of Light Amount of First Optical System]

[0105] The light amount of light passing through the
first optical system 20 is adjusted by adjusting the aper-
ture amount of the first stop 50.
[0106] The aperture amount of the first stop 50 is ad-
justed by swinging the first stop blade swing driving mem-
ber 56. In a case where the first actuator which is not
shown is driven to swing the first stop blade swing driving
member 56, the respective first stop blades 52 compos-
ing the first light blocking section 58 are synchronously
swung. As a result, the inner diameter of the first light
blocking section 58 having an annular shape increases
or decreases, and thereby the aperture amount of the
first stop 50 is adjusted. At this time, in the first stop 50,
the light blocking region expands from the outside to the
inside, and thereby the aperture amount is adjusted.

[Adjustment of Light Amount of Second Optical System]

[0107] The light amount of light passing through the
second optical system 30 is adjusted by adjusting the
aperture amount of the second stop 60.
[0108] The aperture amount of the second stop 60 is
adjusted by swinging the second stop blade swing driving
member 66. In a case where the second actuator which
is not shown is driven to swing the second stop blade
swing driving member 66, the respective second stop
blades 62 composing the first light blocking section 58
are synchronously swung. As a result, the outer diameter
of the second light blocking section 68 having an annular
shape increases or decreases, and thereby the aperture

amount of the second stop 60 is adjusted. At this time,
in the second stop 60, the light blocking region expands
from the outside to the inside, and thereby the aperture
amount is adjusted.

<Image Capture>

[0109] The light passing through the first optical system
20 and the second optical system 30 of the lens device
10 is incident on the image sensor 100. The image sensor
100 selectively receives light, which passes through the
first optical system 20, by the first pixels 110A, and se-
lectively receives light, which passes through the second
optical system 30, by the second pixels 110B. Therefore,
it is possible to acquire an image signal of an image ob-
tained through the first optical system 20 by acquiring an
image signal of the first pixels 110A, and it is possible to
acquire an image signal of an image obtained through
the second optical system 30 by acquiring an image sig-
nal of the second pixels 110B.
[0110] As described above, according to the imaging
unit 1 of the present embodiment, it is possible to simul-
taneously capture two images having different imaging
characteristics.
[0111] Further, according to the lens device 10 of the
present embodiment, focus adjustment is performed on
the first optical system 20 and the second optical system
30 independently of each other. Thereby, it is possible
to capture images accurately focused by both the first
optical system 20 and the second optical system 30.
[0112] Further, according to the lens device 10 of the
present embodiment, the first optical system 20 and the
second optical system 30 comprise stops, and the light
amounts thereof can be adjusted independently of each
other. Thereby, it is possible to capture images with ap-
propriate exposures through both the first optical system
20 and the second optical system 30.
[0113] Furthermore, according to the lens device 10 of
the present embodiment, in a case of adjusting the light
amounts of the first optical system 20 and the second
optical system 30 by the stops, the boundary between
the pupil regions of the first optical system 20 and the
second optical system 30 is blocked from light, and the
light amount of light is adjusted. Thus, in a case where
the image sensor 100 receives light, it is possible to im-
prove separability of light received by the first pixels 110A
and the second pixels 110B. Thereby, interference can
be prevented.
[0114] It should be noted that interference refers to a
state in which optical signal components from the first
optical system 20 and the second optical system 30 are
mixed and received by each pixel. In a case where inter-
ference occurs, the optical signal components from the
second optical system 30 are mixed and received in the
first pixels 110A, and the optical signal components from
the first optical system 20 are mixed and received in the
second pixels 110B. In a case where this interference
occurs, the image of the second optical system 30 is su-
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perimposed on the image read from the first pixels 110A,
and the image of the first optical system 20 is superim-
posed on the image read from the second pixels 110B.
[0115] By blocking light at the boundary between the
pupil regions of the first optical system 20 and the second
optical system 30 as in the lens device 10 of the present
embodiment, it is possible to improve separability of the
light received by the first pixels 110A and the second
pixels 110B, and thus interference can be effectively pre-
vented. This point will be described in detail.
[0116] Fig. 17 is a diagram illustrating incident angle
sensitivity characteristics of first and second pixels which
are adjacent.
[0117] In Fig. 17, the horizontal axis represents the in-
cident angle of light, and the vertical axis represents the
sensitivity of the photoelectric conversion element com-
posing the pixel. The incident angle of light, which is in-
cident vertically to the pixel, is set to 0 degree (°).
[0118] In Fig. 17, the reference symbol S1 indicates a
graph of incident angle sensitivity characteristics of the
first pixels 110A, and the reference symbols S2 indicate
graphs of incident angle sensitivity characteristics of the
second pixels 110B. In this case, interference occurs in
each incident angle region Z where graphs overlap with
each other.
[0119] Figs. 18A to 18C are views for explaining an
effect of interference prevention performed by a stop.
[0120] Fig. 18A shows the light receiving state of each
pixel in a case where there is no stop. Rays, which are
incident on the first pixels 110A and the second pixels
110B through the first optical system 20, are indicated
by a right oblique line as Lx1, and rays, which are incident
on the first pixels 110A and the second pixels 110B
through the second optical system 30, are indicated by
a left oblique line as Lx2. In this case, interference occurs
in each incident angle region Sx where both intersect.
[0121] Fig. 18B shows the light receiving state of each
pixel in a case where there is a stop. By providing a stop
at the boundary between the pupil regions of the first
optical system 20 and the second optical system 30 so
as to block light in the regions, it is possible to block the
light of the incident angle at which interference occurs.
[0122] Fig. 18C shows the light receiving state of each
pixel in a case where the aperture of the stop is further
reduced from the state shown in Fig. 18B, that is, in a
case where the light blocking region is further increased.
As shown in the drawing, by increasing the light blocking
region, it is possible to further block the light of the incident
angle at which interference occurs. In other words, the
more the aperture of the stop is reduced, the more the
light separability can be improved. Thus, interference can
be prevented more effectively.
[0123] As described above, according to the lens de-
vice 10 of the present embodiment, by providing a stop,
it is possible to arbitrarily adjust the light amount, and it
is possible to eliminate an effect of interference.

«Modification Example of First Embodiment»

<Another Example of First Stop and Second Stop>

[0124] The stops composing the first stop and the sec-
ond stop may be composed of liquid crystal elements.

[First Stop Composed of Liquid Crystal Elements]

[0125] Fig. 19 is a front view illustrating an example of
the first stop composed of liquid crystal elements.
[0126] The first stop 210 of the present example is com-
posed of liquid crystal elements such as super twisted
nematic liquid crystal (STN), dual scan super twisted
nematic liquid crystal (DSTN), or thin film transistor liquid
crystal (TFT).
[0127] The first stop 210 has a discoid shape. The first
stop 210 comprises a circular light transmitting region
212 in the central portion, and an annular light transmit-
ting/blocking switch region 214 in the outer peripheral
portion.
[0128] The light transmitting region 212 is a region
which has translucency and through which light is con-
stantly transmitted.
[0129] The light transmitting/blocking switch region
214 is a region where it is possible to arbitrarily switch
between a light transmitting state in which light is trans-
mitted and a light blocking state in which light is blocked.
The light transmitting/blocking switch region 214 com-
poses a first light blocking section in the light blocking
state. The light transmitting/blocking switch region 214
is configured such that a plurality of annular regions 214A
to 214F is concentrically combined. Each of the annular
regions 214A to 214F is configured to be capable of in-
dividually switching between the light transmitting state
and the light blocking state.
[0130] Each of the annular regions 214A to 214F com-
posing the light transmitting/blocking switch region 214
is independently controlled by a liquid crystal driver 216,
and is set in the light transmitting state or the light blocking
state.
[0131] In the first stop 210 configured as described
above, the aperture amount is adjusted by individually
controlling the states of the respective annular regions
214A to 214F composing the light transmitting/blocking
switch region 214.
[0132] Figs. 20A and 20B are explanatory diagrams of
the operation of the first stop composed of liquid crystal
elements. Fig. 20A shows a state in which the aperture
of the stop is reduced by one stop, and Fig. 20B shows
a state in which the aperture of the stop is minimized.
[0133] As shown in Fig. 20A, in a case where the ap-
erture of the stop is reduced by one stop, the annular
region 214A positioned to be closest to the outside of the
light transmitting/blocking switch region 214 is set in the
light blocking state, and the other annular regions 214B
to 214F are set in the light transmitting state.
[0134] As shown in Fig. 20B, in a case where the ap-
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erture of the stop is minimized, all the annular regions
214A to 214F composing the light transmitting/blocking
switch region 214 are in the light blocking state.
[0135] In this manner, in a case where the aperture of
the first stop 210 is reduced, the annular regions 214A
to 214F composing the light transmitting/blocking switch
region 214 are blocked from light in order from the out-
side. As a result, the light blocking region expands in-
ward.

[Second Stop Composed of Liquid Crystal Elements]

[0136] Fig. 21 is a front view illustrating an example of
the second stop composed of liquid crystal elements.
[0137] The second stop 220 of the present example is
composed of liquid crystal elements such as STN liquid
crystal, DSTN liquid crystal, or TFT liquid crystal.
[0138] The second stop 220 has a discoid shape. The
second stop 220 comprises a central light transmitting
region 222 having a circular shape in the central portion
and an outer peripheral light transmitting region 224 hav-
ing an annular shape in the outer peripheral portion. In
addition, an annular light transmitting/blocking switch re-
gion 226 is provided between the central light transmitting
region 222 and the outer peripheral light transmitting re-
gion 224.
[0139] The central light transmitting region 222 and the
outer peripheral light transmitting region 224 are regions
which have translucency and through which light is con-
stantly transmitted.
[0140] The light transmitting/blocking switch region
226 is a region where it is possible to arbitrarily switch
between the light transmitting state and the light blocking
state. The light transmitting/blocking switch region 226
composes a second light blocking section in the light
blocking state. The light transmitting/blocking switch re-
gion 226 is configured such that a plurality of annular
regions 226A to 226F is concentrically combined. Each
of the annular regions 226A to 226F is configured to be
capable of individually switching between the light trans-
mitting state and the light blocking state.
[0141] Each of the annular regions 226A to 226F com-
posing the light transmitting/blocking switch region 226
is independently controlled by a liquid crystal driver 228
and is set in the light transmitting state or the light blocking
state.
[0142] In the second stop 220 configured as described
above, the aperture amount is adjusted by individually
controlling the states of the respective annular regions
226A to 226F composing the light transmitting/blocking
switch region 226.
[0143] Figs. 22A and 22B are explanatory diagrams of
the operation of the second stop composed of liquid crys-
tal elements. Fig. 22A shows a state in which the aperture
of the stop is reduced by one stop, and Fig. 22B shows
a state in which the aperture of the stop is minimized.
[0144] As shown in Fig. 22A, in a case where the ap-
erture of the stop is reduced by one stop, the annular

region 226A positioned to be closest to the inside of the
light transmitting/blocking switch region 226 is set in the
light blocking state, and the other annular regions 226B
to 226F are set in the light transmitting state.
[0145] As shown in Fig. 22B, in a case where the ap-
erture of the stop is minimized, all the annular regions
226A to 226F composing the light transmitting/blocking
switch region 226 are in the light blocking state.
[0146] In this manner, in a case where the aperture of
the second stop 220 is reduced, the annular regions 226A
to 226F composing the light transmitting/blocking switch
region 226 are blocked from light in order from the inside.
As a result, the light blocking region expands outward.

<Other Examples of First Stop and Second Stop>

[0147] In the above-mentioned embodiment, the first
stop and the second stop may be configured to be oper-
ated by actuators, but may be configured to be manually
operated. For example, regarding the first stop, a lever
may be provided on the first stop blade swing driving
member, and the lever may be configured to be manually
swung. Similarly, regarding the second stop, a lever may
be provided on the second stop blade swing driving mem-
ber, and the lever may be configured to be manually
swung.
[0148] In a case where the first stop blade supporting
member which composes the first stop blocks light pass-
ing through the second optical system, or in a case where
the second stop blade supporting member which com-
poses the second stop blades blocks light passing
through the first optical system, it is preferable that these
members are composed of a transparent material. There-
by, it is possible to reduce the effect of light blocking by
the supporting member.
[0149] In the above-mentioned embodiment, in the first
stop, the first cam grooves are configured to be provided
on the side of the first stop blade swing driving member,
and the first cam pins are configured to be provided on
the side of the first stop blades. However, the first cam
pins may be configured to be provided on the side of the
first stop blade swing driving member, and the first cam
grooves may be configured to be provided on the side of
the first stop blades. Similarly, in the second stop, second
cam grooves may be provided on the side of the second
stop blade swing driving member, and second cam pins
may be provided on the side of the second stop blades.

[Second Embodiment] «Imaging Unit»

[0150] Fig. 23 is a schematic configuration diagram of
a second embodiment of the imaging unit.
[0151] In the imaging unit of the present embodiment,
a configuration of a lens device is different from that of
the imaging unit of the first embodiment. The lens device
provided in the imaging unit of the present embodiment
is different from the lens device provided in the imaging
unit of the first embodiment in that the light amounts of
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the first optical system and the second optical system
are adjusted by one common stop. Therefore, in the fol-
lowing description, only the stop (common stop), which
is the difference, will be described.

<Configuration of Common Stop>

[0152] The common stop 300 is disposed between the
second wide-angle lens 20b and the third wide-angle lens
20c composing the first optical system 20. The common
stop 300 is held by the first optical system holding mem-
ber 72 (refer to Fig. 11), and moves together with the first
optical system 20.
[0153] Fig. 24 is an exploded perspective view of the
common stop. Fig. 25 is a front view of a stop blade com-
posing the common stop, and Fig. 26 is a front view il-
lustrating a configuration of arrangement of stop blades.
[0154] As shown in Fig. 24, the common stop 300 is
configured to mainly comprise a plurality of stop blades
302, a stop blade supporting member 304 that swingably
supports the plurality of stop blades 302, a stop blade
swing driving member 306 that swings the plurality of
stop blades 302 synchronously, and an actuator (not
shown in the drawing) that operates the stop blade swing
driving member 306.
[0155] All the stop blades 302 have the same shape.
As shown in Fig. 25, each stop blade 302 has an arc
shape as a whole, and has a first blade portion 302A at
one end and a second blade portion 302B at the other
end. As will be described later, the first blade portion 302A
has a function of increasing and decreasing the inner
diameter of the common light blocking section 308, and
the second blade portion 302B has a function of increas-
ing and decreasing the outer diameter of the common
light blocking section 308.
[0156] As shown in Fig. 26, the stop blades 302 are
arranged with regular intervals on the same circumfer-
ence, and arranged such that stop blades 302 adjacent
to each other overlap with each other. The stop blades
302 arranged in such a manner form the common light
blocking section 308 having an annular shape as a whole.
Fig. 26 shows a state in which the common stop 300 is
released, that is, a state in which the common stop 300
is fully opened. In this case, the outer diameter of the
common light blocking section 308 is minimized, and the
inner diameter thereof is maximized.
[0157] The stop blade supporting member 304 is dis-
posed coaxially with the common light blocking section
308. As shown in Fig. 24, the stop blade supporting mem-
ber 304 is configured to comprise an inner frame 304A,
an outer frame 304B, three support arms 304C, and bear-
ings 304D. Both the inner frame 304A and the outer frame
304B are composed of annular frames, and are arranged
concentrically. The three support arms 304C are ar-
ranged radially, and connect the inner frame 304A and
the outer frame 304B to each other. The bearings 304D
are provided in the inner frame 304A, and are arranged
with regular intervals in the circumferential direction.

Each bearing 304D composes a fulcrum.
[0158] Each swing shaft 302C, which is capable of be-
ing fitted into the bearing 304D, is provided at the base
end section of each stop blade 302. The swing shaft 302C
is disposed between the first blade portion 302A and the
second blade portion 302B. Each stop blade 302 is
swingably supported by the stop blade supporting mem-
ber 304 by fitting the swing shaft 302C into the bearing
304D.
[0159] The stop blade swing driving member 306 is
disposed coaxially with the common light blocking sec-
tion 308. As shown in Fig. 24, the stop blade swing driving
member 306 is composed of an annular plate material,
and comprises a fitting portion 306A having an annular
shape at the inner peripheral portion thereof. By fitting
the fitting portion 306A into the inner peripheral portion
of the stop blade supporting member 304, the stop blade
swing driving member 306 is disposed coaxially with the
stop blade supporting member 304 and the common light
blocking section 308, and is supported swingably in the
circumferential direction.
[0160] The stop blade swing driving member 306 com-
prises a plurality of cam pins 306B. The cam pins 306B
are arranged with regular intervals on the same circum-
ference.
[0161] Each of the stop blades 302 comprises a cam
groove 302D. The cam pin 306B is fitted into each of the
cam grooves 302D. In a case where the cam pin 306B
is fitted into each of the cam grooves 302D, the stop blade
swing driving member 306 is swung, and then the stop
blades 302 swing in conjunction with the motion of the
stop blade swing driving member 306.
[0162] The cam grooves 302D, the cam pins 306B,
and the stop blade swing driving member 306 compose
a stop blade driving section for synchronously swinging
the stop blades 302.
[0163] The actuator, which is not shown, is composed
of, for example, a motor, and swings the stop blade swing
driving member 306 in the circumferential direction.

<Operation of Common Stop>

[0164] Fig. 27 is an explanatory diagram of the oper-
ation of the common stop.
[0165] In a case where the stop blade swing driving
member 306 is swung, all the stop blades 302 swing syn-
chronously around the bearing 304D as the fulcrum by
the action of the cam pins 306B and the cam grooves
302D.
[0166] Here, in a case where the stop blade 302 is
swung from the open state shown in Fig. 26, as shown
in Fig. 27, the first blade portion 302A of each stop blade
302 extends in the inner diameter direction. At the same
time, the second blade portion 302B of each stop blade
302 extends in the outer diameter direction. As a result,
the inner diameter of the common light blocking section
308 is decreased, and the outer diameter thereof is in-
creased.
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[0167] In this manner, in a case where the stop blades
302 are swung, the common stop 300 increases or de-
creases the inner diameter and the outer diameter of the
common light blocking section 308. In this case, the inner
diameter of the common light blocking section 308 is de-
creased in conjunction with the increase in outer diame-
ter, and the inner diameter thereof is increased in con-
junction with the decrease in outer diameter. Thereby, in
the inside region of the common light blocking section
308, by reducing the aperture of the common stop 300,
the light blocking region expands from the outside toward
the inside, and in the outside region thereof, the light
blocking region expands from the inside toward the out-
side, thereby performing light blocking.

<Incorporation in Lens Device>

[0168] As described above, the common stop 300 is
disposed between the second wide-angle lens 20b and
the third wide-angle lens 20c composing the first optical
system 20. At this time, in the common stop 300, the
common light blocking section 308 is disposed so as to
block light at the boundary between the pupil regions of
the first optical system 20 and the second optical system
30. More specifically, in a state where the stop is re-
leased, the common light blocking section 308 is dis-
posed so as to block light at the boundary between the
pupil regions of the first optical system 20 and the second
optical system 30. Thereby, in a case where the common
stop 300 is operated, the rays are narrowed from the
outside toward the inside of the first optical system 20,
and the rays are narrowed from the inside toward the
outside of the second optical system 30.

<Focus Adjustment>

[0169] Focus adjustment is independently performed
on each of the first optical system 20 and the second
optical system 30 composing the lens device 10.

[Focus Adjustment of First Optical System]

[0170] Fig. 30 is an explanatory diagram of the oper-
ation of the first optical system driven by the first optical
system driving section.
[0171] The first optical system 20 is driven by the first
optical system driving motor 76D, thereby performing fo-
cus adjustment.
[0172] In a case where the first optical system driving
motor 76D is driven, the first optical system holding mem-
ber 72 moves back and forth along the optical axis L. The
first optical system holding member 72 holds a wide-an-
gle lens group (the first wide-angle lens 20a, the second
wide-angle lens 20b, the third wide-angle lens 20c, and
the fourth wide-angle lens 20d), and the common stop
300 composing the first optical system 20. Therefore, by
moving the first optical system holding member 72 back
and forth along the optical axis L, as shown in Fig. 30,

the common stop 300 and the wide-angle lens group
composing the first optical system 20 integrally move
back and forth along the optical axis L. Thereby, the focus
of the first optical system 20 is adjusted.

[Focus Adjustment of Second Optical System]

[0173] Fig. 31 is an explanatory diagram of the oper-
ation of the first optical system driven by the second op-
tical system driving section.
[0174] The second optical system 30 is driven by the
second optical system driving motor 86D, thereby per-
forming focus adjustment.
[0175] In a case where the second optical system driv-
ing motor 78D is driven, the second optical system hold-
ing member 82 moves back and forth along the optical
axis L. The second optical system holding member 82
holds a telephoto lens group (the first telephoto lens 30a,
the first telephoto mirror 30b, and the second telephoto
mirror 30c) composing the second optical system 30. Ac-
cordingly, by moving the second optical system holding
member 82 back and forth along the optical axis L, as
shown in Fig. 31, the wide-angle lens group composing
the second optical system 30 integrally moves back and
forth along the optical axis L. Thereby, the focus of the
second optical system 30 is adjusted.
[0176] As described above, since the common stop
300 is provided in the first optical system holding member
72, even in a case where the second optical system 30
is moved, the common stop 300 does not move.
[0177] As described above, according to the lens de-
vice of the present embodiment, the light amounts of the
first optical system 20 and the second optical system 30
are capable of being adjusted by one common stop.
Thereby, the configuration can be simplified.
[0178] In addition, since the common stop 300 blocks
at the boundary between the pupil regions of the first
optical system 20 and the second optical system 30 so
as to adjust the light amounts thereof, it is possible to
prevent interference even in a case where imaging is
performed by using the directivity sensor.

«Modification Example of Second Embodiment»

<Another Example of Common Stop>

[0179] The common stop may be composed of liquid
crystal elements.
[0180] Fig. 28 is a front view illustrating an example of
the second stop composed of liquid crystal elements.
[0181] The common stop 320 of the present example
is composed of liquid crystal elements such as STN liquid
crystal, DSTN liquid crystal, or TFT liquid crystal.
[0182] The common stop 320 has a discoid shape. The
common stop 320 comprises a central light transmitting
region 322 having a circular shape in the central portion
and an outer peripheral light transmitting region 324 hav-
ing an annular shape in the outer peripheral portion. In
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addition, an annular light transmitting/blocking switch re-
gion 326 is provided between the central light transmitting
region 322 and the outer peripheral light transmitting re-
gion 324.
[0183] The central light transmitting region 322 and the
outer peripheral light transmitting region 324 are regions
which have translucency and through which light is con-
stantly transmitted.
[0184] The light transmitting/blocking switch region
326 is a region where it is possible to arbitrarily switch
between the light transmitting state and the light blocking
state. The light transmitting/blocking switch region 326
composes a common light blocking section in the light
blocking state. The light transmitting/blocking switch re-
gion 326 is configured such that a plurality of annular
regions 326A to 326G is concentrically combined. Each
of the annular regions 326A to 326G is configured to be
capable of individually switching between the light trans-
mitting state and the light blocking state.
[0185] Each of the annular regions 326A to 326G com-
posing the light transmitting/blocking switch region 326
is independently controlled by a liquid crystal driver 328
and is set in the light transmitting state or the light blocking
state.
[0186] In the common stop 320 configured as de-
scribed above, the aperture amount is adjusted by indi-
vidually controlling the states of the respective annular
regions 326A to 326G composing the light transmit-
ting/blocking switch region 326.
[0187] Figs. 29A and 29B are explanatory diagrams of
the operation of the common stop composed of liquid
crystal elements. Fig. 29A shows a state in which the
aperture of the stop is reduced by one stop, and Fig. 29B
shows a state in which the aperture of the stop is mini-
mized.
[0188] As shown in Fig. 29A, in a case where the ap-
erture of the stop is reduced by one stop, the annular
region 326D positioned at the center of the light trans-
mitting/blocking switch region 326 is set in the light block-
ing state, and the other annular regions 326A to 326C
and 326E to 326G are set in the light transmitting state.
[0189] As shown in Fig. 29B, in a case where the ap-
erture of the stop is minimized, all the annular regions
326A to 326G composing the light transmitting/blocking
switch region 326 are in the light blocking state.
[0190] In this manner, in a case where the aperture of
the common stop 320 is reduced, the light transmit-
ting/blocking state of each annular region 326A to 326G
is switched on the basis of the annular region 326D at
the center. Thereby, the rays passing through the central
light transmitting region 322 are blocked by enlarging the
light blocking region from the outside to the inside, and
the rays passing through the outer peripheral light trans-
mitting region 324 is blocked by enlarging the light block-
ing region from the inside to the outside.

<Another Example of Common Stop>

[0191] In the above-mentioned embodiment, the com-
mon stop may be configured to operate with actuators,
but may be manually operated. For example, a lever may
be provided on the stop blade swing driving member, and
the lever may be configured to be manually swung.
[0192] Further, the stop blade supporting member may
be composed of a transparent material. Thereby, it is
possible to reduce the effect of light blocking by the sup-
porting member.
[0193] In the configuration of the above-mentioned
embodiment, the cam pins are provided on the side of
the stop blade swing driving member and the cam
grooves are provided on the side of the stop blade. How-
ever, it may be possible to adopt a configuration in which
a cam grooves are provided on the side of the stop blade
swing driving member and cam pins are provided on the
side of the stop blades.

<Another Installation Example of Common Stop>

[Configuration in which Common Stop Moves with Sec-
ond Optical System]

[0194] In the configuration of the above-mentioned
embodiment, the common stop is held by the first optical
system holding member, and moves together with the
first optical system. However, the common stop may be
configured to move together with the second optical sys-
tem. In this case, the common stop is held by the second
optical system holding member.
[0195] Figs. 32A and 32B are explanatory diagrams of
the operation of the common stop that moves together
with the second optical system.
[0196] As shown in the drawing, in a case where the
second optical system 30 is moved, the second optical
system 30 and the common stop 300 integrally move
back and forth on the optical axis L. In this case, even in
a case where the first optical system 20 is moved, the
common stop 300 does not move.

[Configuration for Movement of Common Stop]

[0197] A mechanism (common stop moving section)
for moving the common stop along the optical axis L may
be separately provided such that the installation position
of the common stop is capable of being changed.
[0198] In this case, the installation position of the com-
mon stop may be changed manually or may be moved
by an actuator.
[0199] Further, the common stop may automatically
move to the optimum position in accordance with the po-
sitions of the first optical system and the second optical
system.
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[Making Common Stop Stationary]

[0200] The common stop can be provided to remain
stationary at a certain position in the lens barrel.

[Imaging Apparatus]

[0201] Next, an imaging apparatus comprising an im-
aging unit will be described.

«Configuration of Imaging Apparatus»

[0202] Fig. 33 is a block diagram illustrating a system
configuration of the imaging apparatus.
[0203] The imaging apparatus 400 is configured to
mainly comprise an imaging unit 1, a lens driving control
section 401, an image sensor driving control section 402,
an analog signal processing section 403, a digital signal
processing section 404, a display section 405, an internal
memory 406, a media interface 407, a system control
section 408, and an operation section 409.
[0204] As described above, the imaging unit 1 is con-
figured to comprise the lens device 10 and the image
sensor 100.
[0205] The lens device 10 is configured to comprise
the first optical system 20, the second optical system 30,
the common lens 40, the first stop 50, and the second
stop 60.
[0206] The image sensor 100 comprises first pixels
110A that selectively receive light passing through the
first optical system 20 and second pixels 110B that se-
lectively receive light passing through the second optical
system 30, respectively pupil-divides rays incident
through the first optical system 20 and the second optical
system 30, and selectively receives the rays by the re-
spective pixels.
[0207] The lens driving control section 401 controls
driving of the lens device 10 on the basis of a command
from the system control section 408. The lens driving
control section 401 comprises a first optical system driv-
ing control section that controls driving of the first optical
system 20, a second optical system driving control sec-
tion that controls driving of the second optical system 30,
a first stop driving control section that controls driving of
the first stop 50, and a second stop driving control section
that controls driving of the second stop 60. The first op-
tical system driving control section controls driving of the
first optical system 20 so as to move the first optical sys-
tem 20 back and forth along the optical axis L, on the
basis of a command from the system control section 408.
The second optical system driving control section con-
trols driving of the second optical system 30 so as to
move the second optical system 30 back and forth along
the optical axis L, on the basis of a command from the
system control section 408. The first stop driving control
section controls driving of the first stop 50 so as to enlarge
or reduce the first light blocking section of the first stop
50 on the basis of a command from the system control

section 408. The second stop driving control section con-
trols driving of the second stop 60 so as to enlarge or
reduce the second light blocking section of the second
stop 60 on the basis of a command from the system con-
trol section 408.
[0208] The image sensor driving control section 402
controls driving of the image sensor 100 on the basis of
a command from the system control section 408. That
is, reading of image signals from the image sensor 100
is controlled.
[0209] The analog signal processing section 403 loads
an analog image signal of each pixel which is output from
the image sensor 100, performs predetermined signal
processing on the signal, converts the signal into a digital
signal, and outputs the signal.
[0210] The digital signal processing section 404 loads
the image signal of each pixel converted into a digital
signal, and performs predetermined signal processing
on the signal, thereby generating image data. At this time,
the digital signal processing section 404 generates the
first image data on the basis of the image signals of the
first pixels 110A of the image sensor 100, and generates
the second image data on the basis of the image signals
of the second pixels 110B. The first image data is image
data of a wide-angle image which is captured through
the first optical system 20, and the second image data is
image data of a telephoto image which is captured
through the second optical system 30.
[0211] The display section 405 is composed of, for ex-
ample, a liquid crystal monitor, and displays captured
images and images being captured (so-called live view
images). In addition, the display section 405 functions as
a graphical user interface (GUI) as necessary.
[0212] The internal memory 406 is composed of, for
example, a random access memory (RAM) and functions
as a work memory.
[0213] The media interface 407 reads and writes data
from and to the external memory 410 such as a memory
card, on the basis of a command from the system control
section 408.
[0214] The system control section 408 integrally con-
trols the operation of the entire imaging apparatus. The
system control section 408 is composed of a microcom-
puter comprising, for example, a central processing unit
(CPU), a read only memory (ROM), and a RAM, and
executes a predetermined control program, thereby con-
trolling the entire imaging apparatus 400. Programs and
various data necessary for control are stored in the ROM.
[0215] The operation section 409 is configured to com-
prise various operation buttons such as a power button
and a shutter button, and a driving circuit thereof. Oper-
ation information of the operation section 409 is input to
the system control section 408. The system control sec-
tion 408 controls each section, on the basis of the oper-
ation information from the operation section 409.
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<<Operation of Imaging Apparatus >>

[0216] In the imaging apparatus 400 of the present em-
bodiment, focusing is performed manually. The photog-
rapher individually moves the first optical system 20 and
the second optical system 30 through the operation sec-
tion 409 so as to focus on a desired subject.
[0217] Imaging for recording an image is performed
after photometry. An instruction for photometry is issued
by pressing the shutter button halfway. In a case of re-
ceiving the instruction of the photometry, the system con-
trol section 408 obtains the EV value (exposure value)
on the basis of the image signal obtained from the image
sensor 100, and then determines the exposure. That is,
the aperture value and the shutter speed at the time of
imaging are determined. The aperture value is deter-
mined for each optical system.
[0218] After photometry, imaging for recording an im-
age is performed. An instruction for imaging for recording
an image is issued by fully pressing the shutter button.
[0219] In a case of receiving the instruction of the im-
aging for recording, the system control section 408 con-
trols the first stop 50 and the second stop 60 through the
lens driving control section 401, and sets the first stop
50 and the second stop 60 to the aperture values which
are obtained by photometry. Then, the image sensor 100
is exposed at the shutter speed determined by photom-
etry, and the image for recording is captured.
[0220] The image signal of each pixel obtained by im-
aging is output from the image sensor 100 to the analog
signal processing section 403. The analog signal
processing section 403 loads an image signal of each
pixel which is output from the image sensor 100, performs
predetermined signal processing on the signal, converts
the signal into a digital signal, and outputs the signal.
[0221] The image signal of each pixel, which is output
from the analog signal processing section 403, is loaded
on the internal memory 406 and then sent to the digital
signal processing section 404. The digital signal process-
ing section 404 performs predetermined signal process-
ing on the obtained image signal, thereby generating first
image data and second image data. That is, the first im-
age data is generated on the basis of the image signal
of the first pixels 110A of the image sensor 100, and the
second image data is generated on the basis of the image
signal of the second pixels 110B. The generated first im-
age data and second image data are recorded in the
external memory 410 through the media interface 407.
[0222] As described above, according to the imaging
apparatus 400 of the present embodiment, two images
of wide angle and telephoto can be captured with one
shot.

«Modification Example of Imaging Apparatus»

[0223] In the imaging apparatus 400 according to the
above-mentioned embodiment, focusing of the first opti-
cal system 20 and the second optical system 30 may be

performed manually, but may be performed automatical-
ly. For example, distance measuring means may be pro-
vided, and focusing of the first optical system 20 and the
second optical system 30 may be automatically per-
formed on the basis of the distance measurement result
of the distance measuring means.
[0224] Further, in the imaging apparatus 400 of the
above-mentioned embodiment, the first stop 50 and the
second stop 60 may be configured to be automatically
adjusted, but may be configured to be manually adjusted.
[0225] It should be noted that the imaging apparatus
may be configured as a single camera, and may be in-
corporated in other apparatuses. For example, the im-
aging apparatus may be incorporated in a smartphone,
a tablet type computer, a notebook type computer.
[0226] The application as an imaging apparatus is also
not particularly limited, and the imaging apparatus may
be used for not only usual camera applications but also
applications such as surveillance cameras and in-vehicle
cameras.

[Another Embodiment of Lens Device]

[0227] In the lens device according to the above-men-
tioned embodiment, the first optical system and the sec-
ond optical system are composed of optical systems hav-
ing focal lengths different from each other, but the optical
systems composing the first optical system and the sec-
ond optical system are not limited thereto. However, in
consideration of the characteristics that two images can
be captured at the same time, it is preferable that the first
optical system and the second optical system are com-
posed of optical systems having imaging characteristics
different from each other.
[0228] Fig. 34 is a schematic configuration diagram il-
lustrating an example of another embodiment of the lens
device.
[0229] In the lens device 10 of the present example,
the first optical system 20 and the second optical system
30 are composed of optical systems having focusing dis-
tances different from each other.
[0230] In Fig. 34, each optical system is represented
by a single lens, but each optical system is capable of
being composed by combining a plurality of lenses.
[0231] In the lens device 10 of the present example,
the first optical system 20 is composed of an optical sys-
tem that performs focusing at a range shorter than that
of the second optical system 30. In this case, it is possible
to capture a short range image through the first optical
system 20 and a long range image through the second
optical system 30.
[0232] The first optical system 20 and the second op-
tical system 30 are arranged concentrically and each are
provided so as to be individually movable along the op-
tical axis L. That is, the first optical system 20 is provided
to be movable back and forth along the optical axis L by
a first optical system driving section which is not shown,
and the second optical system 30 is provided to be mov-
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able back and forth along the optical axis L by a second
optical system driving section which is not shown.
[0233] The lens device 10 comprises the common stop
300. The common stop 300 is disposed to block light at
the boundary between the pupil regions of the first optical
system 20 and the second optical system 30, and the
light amounts of the first optical system 20 and the second
optical system 30 are adjusted by increasing or decreas-
ing the outer diameter and the inner diameter of the com-
mon light blocking section.
[0234] Alternatively, for example, the first optical sys-
tem and the second optical system may be composed of
optical systems having transmission wavelength charac-
teristics different from each other. For example, the first
optical system is composed of an optical system having
transmission wavelength characteristics suitable for im-
aging with visible light, and the second optical system is
composed of an optical system having transmission
wavelength characteristics suitable for imaging with in-
frared light. Thereby, the visible light image can be cap-
tured through the first optical system, and the infrared
image can be captured through the second optical sys-
tem.
[0235] Further, in the above-mentioned embodiment,
the mechanism for moving the first optical system and
the second optical system back and forth along the optical
axis may be configured using a cam mechanism. Further,
the first optical system and the second optical system
may be configured to be manually moved.

Explanation of References

[0236] 1: imaging unit, 10: lens device, 12: lens barrel,
20: first optical system, 20a: first wide-angle lens, 20b:
second wide-angle lens, 20c: third wide-angle lens, 20d:
fourth wide-angle lens, 30: second optical system, 30a:
first telephoto lens, 30b: first telephoto mirror, 30c: sec-
ond telephoto mirror, 40: common lens, 50: first stop, 52:
first stop blade, 52A: first swing shaft, 52B: first cam pin,
54: first stop blade supporting member, 54A: bearing
hole, 56: first stop blade swing driving member, 56A: first
cam groove, 58: first light blocking section, 60: second
stop, 62: second stop blades, 62A: second swing shaft,
62B: second cam groove, 64: second stop blade sup-
porting member, 64A: inner frame, 64B: outer frame,
64C: support arm, 64D: bearing, 66: second stop blade
swing driving member, 66A: fitting portion, 66B: second
cam pin, 68: second light blocking section, 70: first optical
system driving section, 72: first optical system holding
member, 74: first guide mechanism, 74A: first guide
shaft, 74B: first guide sleeve, 74C: first guide arm, 76:
first driving mechanism, 76A: first screw bar, 76B: first
nut, 76C: first driving arm, 76D: first optical system driving
motor, 78D: second optical system driving motor, 80: sec-
ond optical system driving section, 82: second optical
system holding member, 84: second guide mechanism,
84A: second guide shaft, 84B: second guide sleeve, 84C:
second guide arm, 86: second driving mechanism, 86A:

second screw bar, 86B: second nut, 86C: second driving
arm, 86D: second optical system driving motor, 100: im-
age sensor, 110A: first pixel, 110B: second pixel, 112:
micro lens, 114: light blocking mask, 210: first stop, 212:
light transmitting region, 214: light transmitting/blocking
switch region, 214A to 214F: annular region, 216: liquid
crystal driver, 220: second stop, 222: central light trans-
mitting region, 224: outer peripheral light transmitting re-
gion, 226: light transmitting/blocking switch region, 226A
to 226F: annular region, 228: liquid crystal driver, 300:
common stop, 302: stop blade, 302A: first blade part,
302B: second blade part, 302C: swing shaft, 302D: cam
groove, 304: stop blade supporting member, 304A: inner
frame, 304B: outer frame, 304C: support arm, 304D:
bearing, 306: stop blade swing driving member, 306A:
fitting portion, 306B: cam pin, 308: common light blocking
section, 320: common stop, 322: central light transmitting
region, 324: outer peripheral light transmitting region,
326: light transmitting/blocking switch region, 326A to
326G: annular region, 328: liquid crystal driver, 400: im-
aging apparatus, 401: lens driving control section, 402:
image sensor driving control section, 403: analog signal
processing section, 404: digital signal processing sec-
tion, 405: display section, 406: internal memory, 407: me-
dia interface, 408: system control section, 409: operation
section, 410: external memory, L: optical axis

Claims

1. A lens device comprising:

a first optical system;
a second optical system that is disposed con-
centrically with the first optical system and has
an annular shape;
a first stop that adjusts a light amount of light
passing through the first optical system;
a second stop that adjusts a light amount of light
passing through the second optical system;
a first optical system driving section that inte-
grally moves the first optical system and the first
stop along an optical axis; and
a second optical system driving section that in-
tegrally moves the second optical system and
the second stop along the optical axis.

2. The lens device according to claim 1,
wherein the first stop has a first light blocking section
of which an inner diameter is capable of being in-
creased or decreased and which has an annular
shape, and
wherein the second stop has a second light blocking
section of which an outer diameter is capable of be-
ing increased or decreased and which has an annu-
lar shape.

3. The lens device according to claim 2,
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wherein the second stop has

a plurality of second fulcrums that are arranged
with regular intervals on a same circumference,
a plurality of second stop blades that are swing-
ably supported by the second fulcrums, are ar-
ranged to overlap, and compose the second light
blocking section, and
a second stop blade driving section that swings
the second stop blades synchronously, and

wherein by swinging the second stop blades syn-
chronously through the second stop blade driving
section so as to increase or decrease the outer di-
ameter of the second light blocking section, a light
amount of the light passing through the second op-
tical system is adjusted.

4. The lens device according to claim 3,
wherein the second stop blade driving section has

a second stop blade swing driving member that
is disposed coaxially with the second light block-
ing section, is swingable in a circumferential di-
rection, and has an annular shape,
a second cam groove that is disposed on the
second stop blade swing driving member or on
the second stop blades, and
a second cam pin that is disposed on the other.

5. The lens device according to claim 4, further com-
prising
a second stop blade supporting member that is trans-
parent,
wherein the second stop blade supporting member
has the second fulcrum.

6. The lens device according to claim 2,
wherein the second stop is composed of liquid crystal
elements.

7. The lens device according to any one of claims 2 to 6,
wherein the first stop has

a plurality of first fulcrums that are arranged with
regular intervals on a same circumference,
a plurality of first stop blades that are swingably
supported by the first fulcrums, are arranged to
overlap, and compose the first light blocking sec-
tion, and
a first stop blade driving section that swings the
first stop blades synchronously, and

wherein by swinging the first stop blades synchro-
nously through the first stop blade driving section so
as to increase or decrease the inner diameter of the
first light blocking section, a light amount of the light
passing through the first optical system is adjusted.

8. The lens device according to claim 7,
wherein the first stop blade driving section has

a first stop blade swing driving member that is
disposed coaxially with the first light blocking
section, is swingable in a circumferential direc-
tion, and has an annular shape,
a first cam groove that is disposed on the first
stop blade swing driving member or on the first
stop blades, and
a first cam pin that is disposed on the other.

9. The lens device according to claim 8, further com-
prising
a first stop blade supporting member that is trans-
parent,
wherein the first stop blade supporting member has
the first fulcrum.

10. The lens device according to any one of claims 2 to 6,
wherein the first stop is composed of liquid crystal
elements.

11. A lens device comprising:

a first optical system;
a second optical system that is disposed con-
centrically with the first optical system and has
an annular shape;
a first optical system driving section that moves
the first optical system along an optical axis;
a second optical system driving section that
moves the second optical system along the op-
tical axis; and
a common stop that blocks light at a boundary
between the first optical system and the second
optical system, has a common light blocking
section of which an inner diameter and an outer
diameter are capable of being increased or de-
creased and which has an annular shape, and
adjusts a light amount of light passing through
the first optical system and the second optical
system by increasing or decreasing the inner
diameter and the outer diameter of the common
light blocking section.

12. The lens device according to claim 11,
wherein the common stop has

a plurality of fulcrums that are arranged with reg-
ular intervals on a same circumference,
a plurality of stop blades that are swingably sup-
ported by the fulcrums, are arranged to overlap,
and compose the common light blocking sec-
tion, and
a stop blade driving section that swings the stop
blade synchronously,
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wherein by swinging the stop blades synchronously
through the stop blade driving section so as to de-
crease an inner diameter in conjunction with an in-
crease of the outer diameter of the common light
blocking section and increase the inner diameter in
conjunction with a decrease of the outer diameter,
light amounts of light passing through the first optical
system and the second optical system are adjusted.

13. The lens device according to claim 12,
wherein the stop blade driving section has

a stop blade swing driving member that is dis-
posed coaxially with the common light blocking
section, is swingable in a circumferential direc-
tion, and has an annular shape,
a cam groove that is disposed on the stop blade
swing driving member or on the stop blades, and
a cam pin that is disposed on the other.

14. The lens device according to claim 13, further com-
prising
a stop blade supporting member that is transparent,
wherein the stop blade supporting member has the
fulcrum.

15. The lens device according to claim 11,
wherein the common stop is composed of liquid crys-
tal elements.

16. The lens device according to any one of claims 11
to 15,
wherein the first optical system driving section inte-
grally moves the first optical system and the common
stop along the optical axis.

17. The lens device according to any one of claims 11
to 15,
wherein the second optical system driving section
integrally moves the second optical system and the
common stop along the optical axis.

18. The lens device according to any one of claims 11
to 15,
wherein the common stop remains stationary at a
certain position.

19. The lens device according to any one of claims 11
to 15, further comprising
a common stop moving section that moves the com-
mon stop along the optical axis.

20. The lens device according to any one of claims 1 to
19,
wherein the first optical system and the second op-
tical system have imaging characteristics different
from each other.

21. The lens device according to claim 20,
wherein the first optical system and the second op-
tical system have focal lengths different from each
other.

22. The lens device according to claim 20,
wherein the first optical system and the second op-
tical system have focusing distances different from
each other.

23. The lens device according to claim 20,
wherein the first optical system and the second op-
tical system have transmission wavelength charac-
teristics different from each other.
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