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IMAGING LENS AND IMAGING DEVICE
[Technical Field]
[0001] The present disclosure relates to an imaging lens and an imaging device.
[Background Art]
[0002] Conventionally, a smartphone is equipped with a plurality of cameras
including a wide angle camera and a super-wide angle camera. In response to a
zoom magnification, the smartphone switches to a camera with an angle of view
corresponding to the magnification among the plurality of cameras to acquire
an optical zoom image. Moreover, in order to acquire an image with a higher
optical magnification, the smartphone may be eguipped with a periscope camera.
[Disclosure of Invention]
[Problem to be Solved by the Invention]
[0003] However, the smartphone is equipped with a plurality of cameras. Each
camera has a single focus lens. The focal lengths of the single focus lenses
are different for the respective cameras. The smartphone acquires an optical
zoom image by being equipped with the plurality of cameras. If an optical
zoom lens camera can be introduced into the smartphone, the number of
installed single focus lens cameras can be reduced, but the conventional
imaging lens with the optical zoom lens has a long total track length to drive
the optical zoom lens in an optical axis direction and thus the camera pops
out in the optical axis direction.
[0004] The present disclosure has been made in view of the above-described
problem, and an aim of the present disclosure is to provide an imaging lens
and an imaging device, which can acquire images with different angles of view
with a group of lenses.
[Means for Solving Problem]
[0005] To solve the problem described above and achieve an aim of the present
disclosure, an imaging lens according to one aspect of the present disclosure
includes a lens group including: in order from an object side, a first lens
having positive refractive power and an object-side surface having a convex
shape; a second lens having negative refractive power; a plurality of
intermediate lens; and a final lens having negative refractive power and an
image-side surface having a concave shape near an optical axis. The lens
group has one or more rotationally-asymmetric surfaces, and changes an angle
of view by rotating the lens group relative to an imaging element around the
optical axis.
[Effect of the Invention]
[0006] According to one aspect of the present disclosure, it is possible to
acquire images with different angles of view with a group of lenses.
[Brief Description of Drawings]
[0007] FIG. 1 is a perspective view illustrating a camera of an imaging device
according to an embodiment;

[0008] FIG. 2 is an YZ cross-sectional view illustrating the camera of the
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imaging device according to the embodiment;
[0009] FIG. 3 is an XZ cross-sectional view illustrating the camera of the
imaging device according to the embodiment;
[0010] FIG. 4 is a diagram illustrating an example of a state when an imaging
lens is rotated relative to an image sensor in the camera of the imaging
device according to the embodiment;
[0011] FIG. 5 is a diagram illustrating an example of a graph indicating
aberration of the imaging lens of the imaging device according to the
embodiment;
[0012] FIG. 6 is a conceptual diagram illustrating a difference in angles of
view between an image acquired by the imaging lens with a rotation angle of
zero degrees and an image acquired by the imaging lens with a rotation angle
of 90 degrees in the imaging device according to the embodiment;
[0013] FIG. 7 is a diagram illustrating an example of a relationship between a
camera with the imaging lens with the rotation angle of zero degrees, an
effective image circle, and an image height distribution in the imaging device
according to the embodiment;
[0014] FIG. 8 is a diagram illustrating an example of a relationship between
the camera with the imaging lens with the rotation angle of 90 degrees, the
effective image circle, and the image height distribution in the imaging
device according to the embodiment;
[0015] FIG. 9 is a diagram obtained by enlarging an area inside a rectangular
frame of the image height distribution illustrated in FIG. 7;
[0016] FIG. 10 is a diagram obtained by enlarging an area inside the
rectangular frame of the image height distribution illustrated in FIG. 8;
[0017] FIG. 11 is a diagram illustrating an example of an external
configuration of the imaging device according to the embodiment;
[0018] FIG. 12 is a diagram illustrating an example of a hardware block
configuration of the imaging device according to the embodiment;
[0019] FIG. 13 is a diagram illustrating an example of rotary optical zoom
operations by the imaging device according to the embodiment;
[0020] FIG. 14 is a comparative example explaining an example of the effect of
the embodiment when single focus lenses are used; and
[0021] FIG. 15 is a comparative example explaining an example of the effect of
the embodiment when the single focus lenses are used.
[Embodiment (s) of Carrying Out the Invention]
[0022] Hereinafter, an imaging lens and an imaging device according to an
embodiment will be described in detail with reference to the accompanying
drawings. Note that the present invention is not limited to the embodiment.
[0023] Embodiment

FIGS. 1 to 3 are diagrams illustrating an example of a configuration of
a camera of an imaging device according to the embodiment. FIG. 1 is a
perspective view illustrating the camera of the imaging device according to

the embodiment. FIG. 2 is an YZ cross-sectional view illustrating the camera
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of the imaging device according to the embodiment. FIG. 3 is an XZ cross-
sectional view illustrating the camera of the imaging device according to the
embodiment.
[0024] The camera of the imaging device according to the embodiment performs an
optical zoom by the rotation of an imaging lens. Therefore, the imaging lens
ig configured to be rotatable around an optical axis. For example, a camera
10 illustrated in FIG. 1 includes an imaging lens 110 that includes a group of
lenses in which a plurality of lenses are arranged on the optical axis, and
the entire of the imaging lens 110 can be integrally rotated. The number of
lenses included in the lens group is seven as an example.
[0025] The imaging lens 110 is rotatably held around the optical axis by a
holding unit of a housing of the camera 10 as an example. The camera 10
rotates the imaging lens 110 up to a position of a predetermined rotation
angle to stop the imaging lens by driving a motor. In the present embodiment,
the imaging lens 110 has two stop positions, namely, a position of the
rotation angle of zero degrees and a position of the rotation angle of 90
degrees. The rotation of the imaging lens 110 to the position of the rotation
angle of zero degrees and the position of the rotation angle of 90 degrees may
be performed by the one-directional drive, or may be performed by the bi-
directional drive that is alternately performed in the positive and negative
directions. The imaging lens 110 may be rotated by a combination of a
stepping motor and a gear mechanism, for example, or may be rotated by
employing the other driving system. For example, the other driving system
such as an ultrasonic motor or an electromagnetic coil may be employed as
appropriate.
[0026] Note that the rotation of the imaging lens 110 is not limited to the
control by the camera 10. The rotation of the imaging lens 110 may be
performed by manual control in which a person directly rotates the imaging
lens 110 with a finger.
[0027] Moreover, the camera 10 illustrated in FIG. 1 has a configuration that
light passing through an IR filter 120 is incident on an image sensor 130, but
this is only the example of the configuration of the camera and thus the
camera configuration is not limited to the configuration having the IR filter
120.
[0028] The image sensor 130 is arranged on the image side of the imaging lens
110, and photo-electrically converts an image on an image surface with a
plurality of pixels arranged in a two-dimensional array to output a pixel
signal. As an example, the image sensor is a solid-state imaging element such
as CCD (charge coupled device) and CMOS {(complementary metal-oxide-
semiconductor) .
[0029] Configuration of Imaging Lens

The imaging lens 110 is a group of lenses in which a first lens 111, a
second lens 112, a third lens 113, a fourth lens 114, a fifth lens 115, a

sixth lens 116, and a seventh lens 117 are arranged on the optical axis in
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order from the object side. In the present embodiment, because the number of
lenses is seven, the third lens 113, the fourth lens 114, the fifth lens 115,
and the sixth lens 116 correspond to the intermediate lenses, and the seventh
lens 117 corresponds to the final lens.
[0030] Herein, the first lens 111 has positive refractive power and an object-
side surface having a convex shape. The second lens 112 has negative
refractive power. The seventh lens 117 that is the final lens has negative
refractive power and an image-side surface having a concave shape near the
optical axis.
[0031] Moreover, the imaging lens 110 has a rotationally-asymmetric surface on
at least one surface among the first lens 111 to the seventh lens 117. The
lens having the rotationally-asymmetric surface employs plastic material etc.
made of plastic.
[0032] In the present embodiment, the imaging lens 110 having different focal
lengths in the vertical direction and the horizontal direction is illustrated.
As illustrated in FIG. 2, an optical path 1000 in the vertical direction has a
path different from the optical path 1000 (see FIG. 3) in the horizontal
direction, and this means that the imaging lens is rotational asymmetry.
[0033] FIG. 4 is a diagram illustrating an example of a state when the imaging
lens 1is rotated relative to the image sensor 130 in the camera of the imaging
device according to the embodiment. In the present embodiment, a rotary
optical zoom is performed by rotating 90 degrees the imaging lens 110 having
different focal lengths in the vertical direction and the horizontal direction
as an example. For this reason, the state where the imaging lens 110 is
rotated by 90 degrees in the direction of an arrow A is illustrated. Note
that the image sensor 130 illustrated in FIG. 4 is illustrated to indicate the
rotation of the imaging lens 110 relative to the image sensor 130 and
corresponds to the image sensor 130 of the camera 10 illustrated in FIGS. 2
and 3.
[0034] As illustrated in FIG. 4, the seven lenses are integrally rotated by 90
degrees around the optical axis relative to the image sensor 130 to change an
angle of view.
[0035] Example

Herein, the rotationally-asymmetric surface is provided by the following
Equation 1.
[0036]

Z=C 1 2/{1 +[1 - (1 +K) - C*2 » r"2]71/2} + 8(w, 8)/a(r) 0

Herein, Z: Depth of aspheric surface, C: Paraxial curvature = 1/R, R:
Curvature radius, r: Distance from optical axis to lens surface, p: Distance
from optical axis to lens surface / Normalization radius of lens, 6: Angle
between r and optical axis, NRADIUS: Normalization radius of lens, and K:
Conic coefficient (second aspherical coefficient).

[0037] Tables 1 to 4 are examples of the embodiment when an optical design
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5
simulation is performed by optical software. Table 1 illustrates an example
of numerical values of each optical component of the camera 10. Tables 2A to

2C illustrate examples of numerical values of the rotationally-asymmetric
surface based on Equation (1). Table 3 illustrates an example of focal
lengths of the lenses (the first lens 111 to the seventh lens 117). Table 4
illustrates an example of results of the overall performance of the camera 10.
Moreover, FIG. 5 is a graph illustrating an example of aberration of the

imaging lens 110.

[0038]
Table 1
R D Nd vd
(Cgi\gfﬁg)RE (INTERVAL) (REIFNFE)A&T)'VE (ABBE NUMBER)
1.00E+18
0.626
STOP |  1.00E+18 0.626
L1R1 2.966 0.964 1546 56.140
L1R2 21,699 0.140
L2R1 11.628 0.450 1677 19.240
L2R2 4.804 0.663
L3R1 -10.185 0.450 1677 19.240
L3R2 -8.102 0.201
L4R1 -20.141 0.606 1546 56.140
L4R2 44,317 0.990
L5R1 5.430 0.451 1570 37.400
L5R2 6.898 0.515
L6R1 21.769 0.714 1546 56.140
L6R2 -19.632 1332
L7R1 -13.005 1133 1546 56.140
L7R2 :31.115 0.491
IRCF |  1.00E+18 0.210 15180 64.17
1.00E+18 0.590

Note that L1, L2, L3, L4, L5, L6, and L7 respectively indicate the first
lens 111, the second lens 112, the third lens 113, the fourth lens 114, the
fifth lens 115, the sixth lens 116, and the seventh lens 117. Moreover, R1
targets the object-side surface, and R2 targets the image-side surface.

Moreover, IRCFEF indicates a numerical value for the IR filter 120.
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Table 3
FOCAL LENGTH OF LENS Y-Z PLANE X-Z PLANE
L1 6.27 520 | [mm]
L2 1412 | -1065 | [mm]
L3 -48.28 50.82 | [mm]
L4 82.29 11.38 | [mm]
L5 4149 | -440.88 | [mm]
L6 50.54 124 | [mm]
L7 -24.23 551 | [mm]
[0043]

Table 4
Y-Z PLANE X-Z PLANE

FOCAL LENGTH (FL) 7.124 9.1 [mm]
Fno 1.95

ANGLE OF VIEW 84.68 63.00 [deg]

TOTAL TRACK LENGTH (INF) 9.900 [mm]

SENSOR SIZE 16.3839 [mm]

FLANGE FOCAL LENGTH 0.800 [mm]

As illustrated in Table 3, each of the lenses of the imaging lens 110
has different focal lengths in the YZ plane and the XZ plane, and the focal
length (FL) in the YZ plane is shorter than the focal length (FL) in the XZ
plane in the entire of the imaging lens 110 as illustrated in Table 4. That
means the focal length in the vertical direction is shorter than the focal
length in the horizontal direction in the entire of the imaging lens 110.
Moreover, the total track length in the optical axis direction as illustrated
in Table 4 is constant even when the rotation angle is zero degrees or even
when the rotation angle is 90 degrees after rotation, but the angle of view
changes after rotation. The sensor size of the image sensor 130 is 16.3839 in
an example of the present embodiment.

[0044] A table obtained by summarizing conditions based on the above results is
Table 5. Table 5 illustrates an example of a feasible range of the imaging

lens and the camera that perform a rotary optical zoom.
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Table 5
CONDITION

F3x/F3y <0
Fax/F4y <0
F5x/F5y < 0
FLx/FLy > 1.2
Fnoy < 2.4
FOVy < 90
TTL/ImgH < 0.65

[0046] Condition 1

"F3x/F3y < Q"
Herein, F3x: Horizontal focal length of third lens and F3y: Vertical

focal length of third lens.

[0047] Condition 2

"F4x/Fdy < OV

Herein, F4x: Horizontal focal length of fourth lens and F4dy: Vertical

focal length of fourth lens.

[0048] Condition 3

"FS5x/F5y < 0"

Herein, F5x: Horizontal focal length of fifth lens and Fby: Vertical

focal length of fifth lens.

[0049]

Condition 4
"FLx/FLy > 1.2"

Herein, FLx: Horizontal focal length of whole lens system and FLy:

Vertical focal length of whole lens system.

[0050]

[0051]

[0052]

Condition 5

"Fnoy < 2.4"

Herein, Fnoy: Vertical Fno.

Condition 6

"FOVYy < 90"

Herein, FOVy: Vertical angle of view of whole lens system.
Condition 7

"TTL/ImgH < 0.65"

Herein, TTL: Total track length of lenses at infinity of whole lens

system and ImgH: Diagonal length of effective pixel area of imaging surface

whole lens system.

of
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[0053] FIGS. 6 to 10 are diagrams explaining a difference in angles of view
between the imaging lens 110 with the rotation angle of zero degrees and the
imaging lens 110 with the rotation angle of 90 degrees. Note that the
rotation direction is a direction of arrow A illustrated in FIG. 4 as an
example.

[0054] FIG. 6 is a conceptual diagram illustrating a difference in angles of
view between an image acquired at the rotation angle of zero degrees and an
image acguired at the rotation angle of 90 degrees. Because the angle of view
is a wide angle when the rotation angle of the imaging lens 110 is zero
degrees, a wide-angle image 501 as illustrated in FIG. 6 is acquired by the
image sensor 130. On the other hand, because the angle of view is changed to
a standard angle of view when the imaging lens 110 is rotated and is stopped
at the rotation angle of 90 degrees, a standard image 502 as illustrated in
FIG. 6 is acguired by the image sensor 130. The standard image 502 is an
image acquired by optically stretching an image via the imaging lens 110 at
the rotation angle of 90 degrees, and corresponds to an optical zoom image of
about 1.3 times for the wide-angle image 501 of a magnification of 1.0. As
described above, in the present example, the standard image 502 is acquired as
an optical zoom image of an image area 500 of the wide-angle image 501. A
difference in angles of view between the rotation angle of zero degrees and
the rotation angle of 90 degrees will be further described with reference to
FIGS. 7 to 10.

[0055] The imaging lens 110 of the camera 10 illustrated in FIG. 7 has the wide
angle because the focal length is short at the rotation angle of zero degrees.
FIG. 7 illustrates an effective image circle 300 and an image height
distribution 400 of the camera 10 at the rotation angle of zero degrees. The
image height distribution 400 is an image height distribution every 10% on the
image surface. A rectangular frame 201 that includes a diagonal length of the
effective pixel area of the image sensor 130 is illustrated in each of the
effective image circle 300 and the image height distribution 400.

[0056] If the imaging lens 110 of the camera 10 illustrated in FIG. 8 is
rotated to the rotation angle of 90 degrees, the focal length becomes longer
and the angle of view is changed from the wide angle to the standard. FIG. 8
illustrates the effective image circle 300 and the image height distribution
400 of the camera 10 at the rotation angle of 90 degrees. The image height
distribution 400 is an image height distribution every 10% on the image
surface. A rectangular frame 202 that includes the diagonal length of the
effective pixel area of the image sensor 130 is illustrated in each of the
effective image circle 300 and the image height distribution 400.

[0057] The rectangular frame 201 in a shooting range illustrated in FIG. 7
becomes the rectangular frame 202 to narrow the angle of view for shooting as
illustrated in FIG. 8, after rotating the imaging lens 110 to the rotation
angle of 90 degrees. Therefore, a portion in the range of the wide angle is

optically stretched, and the image of the portion is acquired by the image
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sensor 130.
[0058] FIG. 9 is a diagram corresponding to an area 451 inside the rectangular
frame 201 of the image height distribution 400 illustrated in FIG. 7. FIG. 9
illustrates the view as well as the image 501 corresponding to the area 451
acqguired by the image sensor 130.
[0059] FIG. 10 is a diagram corresponding to an area 452 inside the rectangular
frame 202 of the image height distribution 400 illustrated in FIG. 8. FIG. 10
illustrates the view as well as the image 502 corresponding to the area 452
acguired by the image sensor 130. Note that the view of the image 502
illustrated in FIG. 10 has the same direction as that of the image 501
illustrated in FIG. 5.
[0060] As illustrated in FIGS. 9 and 10, by rotating the imaging lens 110 to
the rotation angle of 90 degrees, the imaging lens 110 shows an optical zoom
function to acguire an image changed from the wide-angle image 501 to the
standard image 502.
[0061] Therefore, in the present embodiment, an optical zoom image of about 1.3
times is obtained by rotating the imaging lens 110 by 920 degrees.
[0062] Imaging Device

FIG. 11 is a diagram illustrating an example of an external
configuration of the imaging device according to the embodiment. FIG. 12 is a
diagram illustrating an example of a hardware block configuration of the
imaging device according to the embodiment.
[0063] An imaging device 1 illustrated in FIG. 11 is a smartphone. As an
example, a configuration of the smartphone equipped with the standard to
super-wide angle cameras i1s illustrated. The camera 10 illustrated in FIG. 11
is a camera configured to perform a rotary optical zoom, and acquires a
standard image and a wide-angle image. The smartphone is equipped with a
super-wide angle camera 15 as a camera configured to acquire a super-wide
angle image. The super-wide angle camera 15 is a conventional camera. The
imaging device 1 may be additionally equipped with a telephoto camera, a
periscope camera, or a periscopic zoom camera.
[0064] As illustrated in FIG. 12, the imaging device 1 includes a CPU (central
processing unit) 21, a memory 22, a controller 23, an image processing unit 24,
a display 25, and a touch panel 26. These components are connected to one
another by a bus 30. Moreover, in addition to these components, the imaging
device includes a communication interface, a microphone, a speaker, a sensor,
and the like. The sensor includes an acceleration sensor, a GPS (global
positioning system) sensor, and the like.
[0065] The CPU 21 executes a processing program stored in the memory 22 to
overall control components of hardware blocks. The memory 22 includes a
volatile or non-volatile memory.
[0066] The controller 23 controls the camera 10. The camera 10 outputs image
signals based on the control by the controller 23, and outputs image data

after image signal processing. Moreover, the controller 23 is an example of a
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rotation control unit, and controls the rotation of the imaging lens 110 of
the camera 10. Moreover, the controller 23 also controls the super-wide angle
camera 15. The super-wide angle camera 15 outputs image signals based on the
control by the controller 23, and outputs image data after image signal
processing.
[0067] The image processing unit 24 acquires the image data output from the
camera 10 and performs a generation process of an image for display and/or a
generation process of an image for recording.
[0068] In the generation process of the image for display and the generation
process of the image for recording, the image processing unit 24 corrects the
distortion of image, and the like. For example, the image processing unit 24
corrects the nonuniformity of angle of view and the distortion of image from
an acquisition image, corresponding to wide—angle image, acquired by the
camera 10 at zero degrees and an acquisition image, corresponding to standard
image, acquired by the camera at 90 degrees.
[0069] Moreover, based on the image data output from the camera 10, the image
processing unit 24 generates a digital zoom image in response to a zoom
magnification based on the instruction of a user.
[0070] The display 25 is an example of a display unit, and displays information
for display under the control by the CPU 21. The display 25 is a display
device such as liquid crystal as an example. As an example, the information
for display includes a touch operation button, setting information, an image
for display generated by the image processing unit 24, and the like.
[0071] The touch panel 26 is an example of an operating unit, and accepts a
touch operation performed by the user. For example, the touch panel 26
accepts a touch operation that is performed by the user on the touch operation
button displayed on the display 25. Moreover, the touch panel 26 accepts a
zoom operation when the user performs a predetermined operation during
displaying the image for display displayed on the display 25. As an example,
the touch panel 26 accepts the zoom operation when the user performs an
operation of the finger such as pinch-out on a screen during displaying the
image for display.
[0072]The information received by the touch panel 26 is reported to the CPU 21,
and the CPU 21 controls each component to execute a predetermined process.
[0073] Operations of Rotary Optical Zoom

FIG. 13 is a diagram illustrating an example of rotary optical zoom
operations by the imaging device. For example, it is considered that the user
performs shooting with wide-angle image setting. In that case, the imaging
device 1 displays an image 601 with a zoom magnification of 1.0 on the screen
as 1llustrated in FIG. 13. The image 601 is an image to be updated at a
predetermined frame rate.
[0074] When the user performs a predetermined operation such as pinch-out on
the screen during displaying the image 601, the imaging device 1 accepts the

operation as a zoom operation to activate each component. As illustrated in
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FIG. 13, the camera 10 performs an operation by which the imaging lens 110 is
rotated by 90 degrees in the direction of arrow.
[0075] As illustrated in FIG. 13, the imaging device 1 displays a digital zoom
image 700 based on the image 601 on the screen, and, when the rotation of the
imaging lens 110 is completed, performs shooting with an optical zoom
magnification of about 1.3 times after rotation and displays a optical zoom
image 602 on the screen. Herein, the optical zoom image 602 corresponds to an
image captured at the standard angle of view.
[0076] Note that, it has been herein described that the imaging lens 110
performs a rotation operation by pinch-out etc. of the user performed on the
screen as an example, but the imaging lens 110 may perform a rotation
operation depending on a degree of the zoom operation on the image. For
example, when stepwise performing the digital zoom display and receiving an
operation such as pinch-out in a certain step, the imaging lens 110 may
perform the rotation operation.
[0077] Moreover, a pull operation from the standard to the wide angle may be
performed by an operation opposite to the zoom operation through a
predetermined operation such as pinch-in.
[0078] Moreover, the imaging device 1 may accept a predetermined operation by
using a hardware key.
[0079] Effect of Embodiment

FIGS. 14 and 15 are comparative diagrams explaining an example of the
effect of the embodiment. FIGS. 14 and 15 illustrate a comparative example
when single focus lenses are used.
[0080] As illustrated in FIG. 14, when the single focus lenses are used, the
imaging device performs zoom shooting by providing a wide angle camera 11 and
a standard camera 12. Therefore, the number of cameras increases, and thus an
occupancy rate for one camera is susceptible to larger limitation due to the
number of cameras.
[0081] Moreover, as 1illustrated in FIG. 15, when taking a single focus camera
for wide angle as an example, the image 500 inside a rectangular frame 200 is
a wide-angle image and a standard image whose angle of view is different
cannot be acguired. A case where the single focus lens 1s rotated is also
similar.
[0082] On the other hand, in the present embodiment, images with different
angles of view can be acquired with a group of lenses. In other words, the
images with different angles of view can be acquired by one camera to be able
to be realized without the limitation of another camera.
[0083] Moreover, even compared to the conventional two groups of zoom lenses,
the camera according to the present embodiment can be realized with a group of
lenses without using a technology having a high degree of difficulty such as
zoom lens because the camera according to the present embodiment is a rotary
optical zoom system. Moreover, even compared to the conventional zoom lens,

the camera according to the present embodiment can realize the minimization of
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total track length of lenses while employing a large-sized image sensor and a
large-diameter lens because the optical system of the main camera is the base.
Furthermore, even when performing zooming, the camera according to the present
embodiment can suppress the thickness of the camera and popping out of the
lens from the camera because the total track length of the lenses is not
changed.
[0084] Note that the smartphone has been exemplified as an example in the
present embodiment but the present embodiment may be applied to other imaging
devices. For example, the present embodiment may be applied to a tablet PC,
an electronic camera, or the like. Moreover, as above, the main configuration
of the lens has been described, but the camera may additionally include a
focus adjusting unit, a camera shake correcting unit, and the like. Moreover,
as an example, the case where the angle of view is switched by one camera from
the standard to the wide angle has been illustrated, but a range of switching
the angle of view with one camera is not limited to the change from the
standard to the wide angle. The range may be changed as appropriate so that
the other range of switching the angle of view is available.
[0085] While certain embodiments have been described, these embodiments have
been presented by way of example only, and are not intended to limit the scope
of the inventions. Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various omissions,
substitutions and changes in the form of the embodiments described herein may
be made without departing from the spirit of the inventions. The accompanying
claims and their egquivalents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.
[Explanations of Letters or Numerals]
[0086]

1: Imaging device

10: Camera

110: Imaging lens

111: First lens

112: Second lens

113: Third lens

114: Fourth lens

115: Fifth lens

116: Sixth lens

117: Seventh lens

120: IR filter

130: Image sensor
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claims
1. An imaging lens comprising:
a lens group comprising: in order from an object side,
a first lens having positive refractive power and an object-side
surface having a convex shape;
a second lens having negative refractive power;
a plurality of intermediate lens; and
a final lens having negative refractive power and an image-side
surface having a concave shape near an optical axis, wherein
the lens group:
has one or more rotationally-asymmetric surfaces; and
changes an angle of view by rotating the lens group relative to

an imaging element around the optical axis.

2. The imaging lens according to claim 1, wherein the lens group has

different focal lengths in a horizontal direction and a vertical direction.

3. The imaging lens according to claim 1 or 2, wherein
the plurality of intermediate lens includes a third lens, a fourth lens,
a fifth lens, and a sixth lens, and

the final lens includes a seventh lens.

4. The imaging lens according to claim 3, wherein
"F3x/F3y < 0" 1is satisfied, wherein F3x: a horizontal focal length of

the third lens and F3y: a vertical focal length of the third lens.

5. The imaging lens according to claim 3 or 4, wherein
"FiAdx/Fdy < 0" 1is satisfied, wherein F4x: a horizontal focal length of

the fourth lens and F4dy: a vertical focal length of the fourth lens.

6. The imaging lens according to any one of claims 3 to 5, wherein
"FbEx/Fby < 0" 1is satisfied, wherein F5x: a horizontal focal length of
the fifth lens and Fby: a vertical focal length of the fifth lens.

7. The imaging lens according to any one of claims 3 to 6, wherein
"FLx/FLy > 1.2" is satisfied, wherein FLx: a horizontal focal length of

a whole lens system and FLy: a vertical focal length of the whole lens system.

8. The imaging lens according to any one of claims 3 to 7, wherein

"Fnoy < 2.4" is satisfied, wherein Fnoy: a vertical Fno.

9. The imaging lens according to any one of claims 3 to 8, wherein
"FOVy < 90" is satisfied, wherein FOVy: a vertical angle of view of the

whole lens system.
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10. The imaging lens according to any one of claims 3 to 9, wherein
"TTL/ImgH < 0.65" is satisfied, wherein TTL: a total track length of the
lenses at infinity of the whole lens system and ImgH: a diagonal length of an

effective pixel area of an imaging surface of the whole lens system.

11. The imaging lens according to any one of claims 1 to 10, wherein a lens

having the rotationally-asymmetric surface is made of plastic material.

12. An imaging device comprising:

an imaging lens according to any one of claims 1 to 11;

a rotation control unit configured to rotate the imaging lens around the
optical axis; and

an imaging element configured to acquire images with different angles of

view of the imaging lens.

13. The imaging device according to claim 12, further comprising:

an operating unit configured to perform a zoom operation; and

a display unit configured to display a display image based on an output
image of the imaging element, wherein

the display unit is configured to: switch the display image during the
display to a display image with a different angle of view; and display the
display image after switching, when the imaging lens is rotated up to a

predetermined rotation angle based on the zoom operation.
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