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(57) An image processing apparatus 14 includes a
communication interface 36 configured to receive a first
captured image capturing a face of a subject 19 in a mov-
ing body, and a controller 38 configured to change at
least one of a position and a size of a specific region in
either the first captured image or a second captured im-

age different from the first captured image, according to
at least one of a position and an orientation of the face
of the subject 19 determined on the basis of the first cap-
tured image, as well as a direction of a line-of-sight of
the subject 19.
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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and the benefit
of Japanese Patent Application No. 2015-190434 filed
on September 28, 2015, the entire contents of which are
incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to an image
processing apparatus configured to display a captured
image capturing surroundings of a moving body such as
a vehicle, an imaging apparatus, a CMS (Camera Monitor
System), and an image processing method.

BACKGROUND

[0003] Camera monitor systems configured to display,
for example, an image behind a moving body on a display
(a digital mirror) are conventionally known. For example,
PLT 1 set forth below discloses a camera monitor system
configured to control power supply to a monitor in ac-
cordance with an intention of a driver of the vehicle to
use a mirror.

CITATION LIST

Patent Literature

[0004] PLT 1: JP-A-2009-40113

SUMMARY

[0005] An image processing apparatus according to
an embodiment of the present disclosure includes: a
communication interface configured to receive a first cap-
tured image capturing a face of a subject in a moving
body; and a controller configured to change at least one
of a position and a size of a specific region in either the
first captured image or a second captured image different
from the first captured image, according to at least one
of a position and an orientation of the face of the subject
determined on the basis of the first captured image, as
well as a direction of a line-of-sight of the subject.
[0006] An imaging apparatus according to an embod-
iment of the present disclosure includes: an imaging unit
configured to generate a captured image capturing an
area outside a moving body; a communication interface
configured to acquire information indicating at least one
of a position and an orientation of a face of a subject in
the moving body and a direction of a line-of-sight of the
subject; and a controller configured to change at least
one of a position and a size of a specific region in the
captured image on the basis of the information.
[0007] An imaging apparatus according to an embod-
iment of the present disclosure includes: an imaging unit

configured to generate a first captured image capturing
a face of a subject in a moving body; a controller config-
ured to change at least one of a position and a size of a
specific region in either the first captured image or a sec-
ond captured image different from the first captured im-
age, according to at least one of a position and an orien-
tation of the face of the subject determined on the basis
of the first captured image, as well as a direction of a line-
of-sight of the subject; and a communication interface
configured to output information indicating the specific
region in the second captured image or an image of the
specific region clipped from the first captured image.
[0008] A camera monitor system according to an em-
bodiment of the present disclosure includes an image
processing apparatus including: a communication inter-
face configured to receive a first captured image captur-
ing a face of a subject in a moving body: and a controller
configured to change at least one of a position and a size
of a specific region in either the first captured image or
a second captured image different from the first captured
image, according to at least one of a position and an
orientation of the face of the subject determined on the
basis of the first captured image, as well as a direction
of a line-of-sight of the subject. The camera monitor sys-
tem according to the embodiment of the present disclo-
sure also includes a display apparatus configured to dis-
play an image of a specific region clipped from the first
captured image or the second captured image.
[0009] An image processing method according to an
embodiment of the present disclosure includes: a step
of receiving a first captured image capturing a face of a
subject in a moving body; and a step of changing at least
one of a position and a size of a specific region in either
the first captured image or a second captured image dif-
ferent from the first captured image, according to at least
one of a position and an orientation of the face of the
subject determined on the basis of the first captured im-
age, as well as a direction of a line-of-sight of the subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] In the accompanying drawings:

FIG. 1 is a block diagram schematically illustrating
a configuration of a camera monitor system accord-
ing to an embodiment of the present disclosure;
FIG. 2 is a diagram illustrating a vehicle equipped
with the camera monitor system of FIG. 1 viewed
from a left side;
FIG. 3 is a diagram illustrating the vehicle equipped
with the camera monitor system of FIG. 1 viewed
from above;
FIG. 4 is a diagram illustrating correspondence in-
formation stored in a memory of the image process-
ing apparatus of FIG. 1;
FIG. 5 is a diagram illustrating a state in which a face
of a subject is in a standard position viewed from
above the vehicle;
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FIG. 6 is a diagram illustrating a specific region in a
second captured image for the scenario illustrated
in FIG. 5;
FIG. 7 is a diagram illustrating a state in which the
position of the face of the subject is changed from
the standard position viewed from above the vehicle;
FIG. 8 is a diagram illustrating a specific region in
the second captured image for the scenario illustrat-
ed in FIG. 7;
FIG. 9 is a diagram illustrating a state in which an
orientation of the face of the subject is changed from
a standard direction viewed from above the vehicle;
FIG. 10 is a diagram illustrating a specific region in
the second captured image for the scenario illustrat-
ed in FIG. 9;
FIG. 11 is a flowchart illustrating operation of the
image processing apparatus of FIG. 1;
FIG. 12 is a diagram illustrating Class I field of vision;
FIG. 13 is a diagram illustrating Class II field of vision;
FIG. 14 is a diagram illustrating Class III field of vi-
sion;
FIG. 15 is a diagram illustrating a vehicle having a
camera monitor system according to a further em-
bodiment of the present disclosure viewed from
above the vehicle;
FIG. 16 is a diagram illustrating a first example of
positions of two display apparatuses of the camera
monitor system according to the further embodiment
of the present disclosure; and
FIG. 17 is a diagram illustrating a second example
of the positions of the two display apparatuses of the
camera monitor system according to the further em-
bodiment of the present disclosure.

DETAILED DESCRIPTION

[0011] Hereinafter, embodiments of the present disclo-
sure will be described with reference to the drawings.
[0012] A camera monitor system 10 according to an
embodiment of the present disclosure will be described
with reference to FIG. 1.
[0013] As illustrated in FIG. 1, the camera monitor sys-
tem 10 includes an illumination apparatus 11, a first im-
aging apparatus 12, one or more second imaging appa-
ratuses 13, an image processing apparatus 14, and one
or more display apparatuses 15. In FIG. 1, one second
imaging apparatus 13 is illustrated by way of example.
In FIG. 1, also, one display apparatus 15 is illustrated by
way of example. Each constituent element of the camera
monitor system 10 may transmit and receive information
via a network 16. The network 16 may be, for example,
a radio network, a wired network, or a CAN (Controller
Area Network). In some embodiments, some or all of the
constituent elements of the camera monitor system 10
may be integrally configured as a single apparatus. For
example, the image processing apparatus 14 and the
first imaging apparatus 12 may be incorporated in the
display apparatus 15. In some embodiments, the camera

monitor system 10 may include the first imaging appara-
tus 12, the second imaging apparatus 13, the image
processing apparatus 14, and the display apparatus 15.
In this case, the illumination apparatus 11 may be pro-
vided separately from the camera monitor system 10. In
some embodiments, the camera monitor system 10 may
include the image processing apparatus 14 and the dis-
play apparatus 15. In this case, the illumination apparatus
11, the first imaging apparatus 12, and the second im-
aging apparatus 13 may be provided separately from the
camera monitor system 10.
[0014] The illumination apparatus 11 may be disposed
at any position from which the illumination apparatus 11
is able to emit light to the face of a subject 19. The subject
19 may include, for example, a driver of a vehicle 17. As
illustrated in FIG. 2 and FIG. 3, the illumination apparatus
11 may be disposed, for example, on a dashboard 18 of
the vehicle 17. The first imaging apparatus 12 may be
disposed at any position from which the first imaging ap-
paratus 12 is able to capture the face of the subject 19
illuminated by light from the illumination apparatus 11.
The first imaging apparatus 12 may be disposed, for ex-
ample, on the dashboard 18 of the vehicle 17. According
to the present embodiment, the first imaging apparatus
12 generates a captured image in which the pupil of the
eye of the subject 19 is brightly illuminated. Hereinafter,
the captured image with a brightly illuminated pupil will
also be referred to as a bright-pupil image. For example,
the illumination apparatus 11 and the first imaging appa-
ratus 12 are disposed close to each other such that the
first imaging apparatus 12 generates the bright-pupil im-
age. In some embodiments, the first imaging apparatus
12 may generate a captured image in which the pupil is
dark. Hereinafter, the captured image with a dark pupil
will also be referred to as a dark-pupil image. For exam-
ple, the illumination apparatus 11 and the first imaging
apparatus 12 may be disposed remote from each other
such that the first imaging apparatus 12 generates the
dark-pupil image. Hereinafter, the captured image cap-
tured by the first imaging apparatus 12 will also be re-
ferred to as a first captured image.
[0015] The second imaging apparatus 13 includes a
wide-angle lens. The wide-angle lens may be, for exam-
ple, a fisheye lens. The second imaging apparatus 13
may be disposed at any position where the second im-
aging apparatus 13 may capture a predetermined area
outside the vehicle 17. The predetermined area may in-
clude, for example, at least one of the Class I to III fields
of vision described in Regulation No. 46, No. 15 "Re-
quirements" of UNECE (United Nations Economic Com-
mission for Europe). Hereinafter, the Class I-III fields of
vision will also be referred to simply as Class I-III. The
hatched area I in FIG. 12 represents Class I. The hatched
area II in FIG. 13 represents Class II. The hatched area
III in FIG. 14 represents Class III. In the present embod-
iment, one second imaging apparatus 13 may be dis-
posed on a rear side of the vehicle 17 as illustrated in
FIG. 2 by way of example. In some embodiments, two
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second imaging apparatus 13 may be disposed on the
left and right sides of the vehicle 17 as illustrated in FIG.
15 by way of example. In some embodiments, the pre-
determined area may include all Class I, Class II, and
Class III. The second imaging apparatus 13 generates a
captured image capturing the predetermined area de-
scribed above. Hereinafter, the captured image of the
second imaging apparatus 13 will also be referred to as
a second captured image.
[0016] The display apparatus 15 is disposed at a po-
sition viewable by the subject 19 on a driver seat. In the
present embodiment, the display apparatus 15 may be
disposed, as illustrated in FIG. 2 by way of example, in
place of a conventional rearview mirror and at a position
where the conventional rearview mirror would normally
be disposed in the vehicle 17. In some embodiments, in
the vehicle 17 one display apparatus 15 corresponding
to the second imaging apparatus 13 may be disposed on
the left side of the vehicle 17 and another display appa-
ratus 15 corresponding to the second imaging apparatus
13 may be disposed on the right side of the vehicle 17.
As illustrated in FIG. 16, two display apparatuses 15 may
be disposed on the dashboard 18 of the vehicle 17. For
example, one of the display apparatuses 15 may be dis-
posed on the left side on the dashboard 18, and the other
display apparatus 15 may be disposed on the right side
on the dashboard 18. As illustrated in FIG. 17, the two
display apparatuses 15 may be disposed on an instru-
ment panel 46. For example, one of the display appara-
tuses 15 may be disposed on the left side on the instru-
ment panel 46, and the other display apparatus 15 may
be disposed on the right side on the instrument panel 46.
As will be described later, the display apparatus 15 may
be an electronic mirror configured to interchangeably
function as a mirror and a display. As will be described
later, when functioning as the display, the display appa-
ratus 15 displays a partial region of the second captured
image of the second imaging apparatus 13. Hereinafter,
the partial region of the second captured image will also
be referred to as a specific region. For example, when
the display apparatus 15 functions as the mirror, in some
instances a field of view of the subject 19 may be blocked
by an obstacle placed on the rear seat. In this case, the
subject 19 may view a partial area outside the vehicle 17
on the display apparatus 15 by switching the function of
the display apparatus 15 to the display from the mirror.
[0017] Each constituent element of the camera monitor
system 10 will now be described.
[0018] The first imaging apparatus 12 will be de-
scribed. As illustrated in FIG. 1, the first imaging appa-
ratus 12 includes a first imaging optical system 24, a first
image sensor 25, a first AFE (Analog Front End) 26, a
first image processor 27, a first communication interface
28, and a first camera controller.
[0019] The first imaging optical system 24 includes a
diaphragm and one or more lenses. The first imaging
optical system 24 forms a subject image of the light pass-
ing therethrough. The first imaging optical system 24

passes at least light in a predetermined wavelength band.
The predetermined wavelength band may include a
wavelength band of the light emitted from the illumination
apparatus 11 as described later. For example, when the
light emitted from the illumination apparatus 11 includes
an infrared light, the predetermined wavelength band
may include the wavelength of the infrared light. In the
present embodiment, the first imaging optical system 24
may further include a filter that passes only light in the
predetermined wavelength band. The first imaging opti-
cal system 24 is disposed at any position where the first
imaging optical system 24 may capture light reflected on
an illumination target of the light emitted from the illumi-
nation apparatus 11 as described later. In the present
embodiment, the first imaging optical system 24 may
form the subject image including the face of the subject
19 illuminated by the light from the illumination apparatus
11. In the present embodiment, the first imaging optical
system 24 may be disposed in the vicinity of an illumina-
tion optical system 21 of the illumination apparatus 11
described later. In some embodiments, the first imaging
optical system 24 may be disposed remote from the illu-
mination optical system 21 of the illumination apparatus
11.
[0020] The first image sensor 25 includes, for example,
a CCD (Charge Coupled Device) image sensor or a
CMOS (Complementary Metal Oxide Semiconductor)
image sensor. The first image sensor 25 generates the
first captured image by capturing the subject image
formed by the first imaging optical system 24. When the
first image sensor 25 is configured as a CMOS image
sensor, functions of the first AFE 26 may be borne by the
first image sensor 25.
[0021] The first AFE 26 includes, for example, CDS
(Correlated Double Sampling), AGC (Auto Gain Control),
and an ADC (Analog-to-Digital Converter). The first AFE
26 performs predetermined upstream image processing
such as the CDS, gain adjustment, and A/D conversion
on the first captured image, which is an analog image
generated by the first image sensor 25.
[0022] The first image processor 27 includes a proc-
essor such as DSP (Digital Signal Processor) specialized
for the image processing. The first image processor 27
performs predetermined downstream image processing
such as exposure adjustment on the first captured image
subjected to the predetermined upstream image
processing.
[0023] The first communication interface 28 includes
an interface configured to input and output information
via the network 16.
[0024] The first camera controller 29 includes, for ex-
ample, a specialized microprocessor or a general-pur-
pose CPU configured to perform a particular function by
reading a specific program. The first camera controller
29 controls overall operation of the first imaging appara-
tus 12. For example, the first camera controller 29 gen-
erates a synchronization signal that indicates the timing
of imaging and causes the first communication interface
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28 to output the synchronization signal to the illumination
apparatus 11. Upon output of the synchronization signal,
the first camera controller 29 causes the first image sen-
sor 25 to capture the subject image. The first camera
controller 29 controls the first image processor 27 and
the first communication interface 28 such that the first
captured image subjected to the predetermined down-
stream image processing is output to the image process-
ing apparatus 14 via the network 16. In some embodi-
ments, the synchronization signal may be generated by
a constituent component of the camera monitor system
10 other than the first imaging apparatus 12. For exam-
ple, the synchronization signal may be generated by the
illumination apparatus 11, the second imaging apparatus
13, the image processing apparatus 14, or the display
apparatus 15. The synchronization signal thus generated
may be input to the first imaging apparatus 12 and the
illumination apparatus 11.
[0025] The illumination apparatus 11 will be described.
The illumination apparatus 11 includes one or more light
sources 20, an illumination optical system 21, an illumi-
nation apparatus communication interface 22, and an il-
lumination apparatus controller 23.
[0026] The light source 20 includes, for example, an
LED. The light source 20 emits at least the light in the
predetermined wavelength band. The light in the prede-
termined wavelength band may pass through the first
imaging optical system 24 of the first imaging apparatus
12. In the present embodiment, the light source 20 may
be an infrared LED that emits diffused light in the infrared
band.
[0027] The illumination optical system 21 includes, for
example, a lens with an adjusted view angle. The illumi-
nation optical system 21 emits the light that passes
through the illumination optical system 21. In the present
embodiment, the light from the light source 20 having
passed through the illumination optical system 21 illumi-
nates the entire face of the subject 19.
[0028] The illumination apparatus communication in-
terface 22 includes an interface configured to input and
output information via the network 16. Hereinafter, input
of information will be also referred to as acquisition or
reception of information.
[0029] The illumination apparatus controller 23 in-
cludes a specialized microprocessor or a general-pur-
pose CPU (Central Processing Unit) configured to per-
form a particular function by reading a specific program.
The illumination apparatus controller 23 controls opera-
tion of each constituent element of the illumination ap-
paratus 11. For example, the illumination apparatus con-
troller 23 causes the light source 20 to emit the light in
synchronization with the imaging by the first imaging ap-
paratus 12. In the present embodiment, the illumination
apparatus controller 23 causes the light source 20 to per-
form periodical pulse emission of the light of the infrared
band for a predetermined time period in accordance with
the synchronization signal acquired via the illumination
apparatus communication interface 22. As described

above, the first imaging apparatus 12 generates the cap-
tured image in accordance with the synchronization sig-
nal. Accordingly, the timing of light emission by the illu-
mination apparatus 11 and the timing of the imaging by
the first imaging apparatus 12 are synchronized.
[0030] The second imaging apparatus 13 will be de-
scribed. The second imaging apparatus 13 includes a
second imaging optical system 30, a second image sen-
sor 31, a second AFE 32, a second image processor 33,
a second communication interface 34, and a second
camera controller 35.
[0031] The second imaging optical system 30 includes
a diaphragm and one or more lenses. The second imag-
ing optical system 30 forms the subject image. In the
present embodiment, the second imaging optical system
30 has a wide angle and is capable of forming the subject
image of a particular area outside the vehicle 17 as de-
scribed above.
[0032] The second image sensor 31 includes, for ex-
ample, the CCD image sensor or the CMOS image sen-
sor. The second image sensor 31 generates the second
captured image by capturing the subject image formed
by the second imaging optical system 30. When the sec-
ond image sensor 31 is the CMOS image sensor, func-
tions of the second AFE 32 may be borne by the second
image sensor 31. The second image sensor 31 will also
be referred to as an imaging unit.
[0033] The second AFE 32 includes, for example,
CDS, AGC, and an ADC. The second AFE 32 performs
predetermined upstream image processing such as the
CDS, the gain adjustment, and the A/D conversion on
the second captured image, which is an analog image
generated by the second image sensor 31.
[0034] The second image processor 33 includes, for
example, a processor such as DSP specialized for the
image processing. The second image processor 33 per-
forms predetermined downstream image processing
such as white balance adjustment and exposure adjust-
ment on the second captured image subjected to the pre-
determined upstream image processing by the second
AFE 32. In the present embodiment, the predetermined
downstream image processing includes horizontal inver-
sion processing to invert the second image between the
left side and the right side. Accordingly, for example, an
object positioned on the left side behind the vehicle 17
is captured on the left side in the second image. This
enables, when the second captured image is displayed
on the display apparatus 15 as described later, the sub-
ject 19 to view the rear periphery of the vehicle 17 in a
manner similar to an actual rearview mirror.
[0035] The second communication interface 34 in-
cludes an interface configured to input and output infor-
mation via the network 16.
[0036] The second camera controller 35 includes, for
example, a specialized microprocessor or a general-pur-
pose CPU (Central Processing Unit) configured to per-
form a particular function by reading a specific program.
The second camera controller 35 controls overall oper-
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ation of the second imaging apparatus 13. For example,
the second camera controller 35 causes the second im-
age sensor 31 to capture the subject image periodically,
e.g., at 30 fps (frames per second). The second camera
controller 35 controls the second image processor 33
and the second communication interface 34 such that
the second captured image subjected to the predeter-
mined downstream image processing is output to the im-
age processing apparatus 14 via the network 16.
[0037] The image processing apparatus 14 will be de-
scribed. The image processing apparatus 14 includes a
communication interface 36, a memory 37, and a con-
troller 38.
[0038] The communication interface 36 includes an in-
terface configured to input and output information via the
network 16.
[0039] The memory 37 stores various information and
programs necessary for the operation of the image
processing apparatus 14. For example, the memory 37
stores in advance a variety of combinations of at least
one of a first parameter indicating a position of the face
of the subject 19 detected in the first captured image, a
second parameter indicating an orientation of the face,
and a third parameter indicating a size of the face, and
a fourth parameter indicating a position of the pupil or
the iris in the eye in in the first captured image. The mem-
ory 37 stores, in advance, correspondence information
that includes first information indicating at least one of
the position and the orientation of the face of the subject
19 in the vehicle 17 and second information indicating
whether the line-of-sight of the subject 19 is directed to
the display apparatus 15, in association with the various
combinations. The first information indicating the position
and the orientation of the face of the subject 19 in the
vehicle 17 may be, but is not limited to, a coordinate and
a direction vector indicating the position of the face of the
subject 19 in the vehicle 17. The correspondence infor-
mation may be stored, for example, as a look-up table
as illustrated in FIG. 4. The correspondence information
may be created in advance by performing an experiment
or a simulation on the basis of a positional relationship
between the first imaging apparatus 12 and the display
apparatus 15 disposed in the vehicle 17.
[0040] As described later, the correspondence infor-
mation is used by the controller 38 to determine at least
one of the position and the orientation of the face of the
subject 19 in the vehicle 17, and also determine the di-
rection of the line-of-sight of the subject 19.
[0041] The controller 38 includes, for example, a spe-
cialized microprocessor or a general-purpose CPU con-
figured to perform a particular function by reading a spe-
cific program. The controller 38 controls overall operation
of the image processing apparatus 14.
[0042] For example, the controller 38 causes the com-
munication interface 36 to receive the first captured im-
age from the first imaging apparatus 12 and receive the
second captured image from the second imaging appa-
ratus 13.

[0043] The controller 38 detects the face and the eye
of the subject 19 in the first captured image. For the de-
tection of the face and the eye, any technique such as a
technique which uses pattern matching or a technique
which extracts feature points in the first captured image
may be employed. The feature points include, for exam-
ple, points in the image corresponding to a facial contour,
eyes, nose, and mouth.
[0044] The controller 38 determines the first to fourth
parameters of the driver detected in the first captured
image.
[0045] For the determination of the first parameter in-
dicating the position of the face in the first captured im-
age, a technique to detect the facial contour of the subject
19 in the first captured image and determine a position
of the facial contour in the first captured image thus de-
tected may be employed, for example.
[0046] For the determination of the second parameter
indicating the orientation of the face in the first captured
image, a technique to detect the facial contour and the
nose of the subject 19 in the first captured image and
determine the orientation of the face on the basis of a
relative positional relationship between the facial contour
and the nose in the first captured image may be em-
ployed, for example.
[0047] For the determination of the third parameter in-
dicating the size of the face in the first captured image,
a technique to detect the facial contour of the subject 19
in the first captured image and determine the size of the
facial contour in the first captured image may be em-
ployed, for example.
[0048] For the determination of the fourth parameter
indicating the position of the pupil or the iris in the eye in
the first captured image, a technique to detect the eye
and the pupil of the subject 19 in the first captured image
and determine the position of the pupil or the iris in the
eye in the first captured image may be employed, for
example.
[0049] The controller 38 compares the combination of
one of the first to third parameters and the fourth param-
eter with the correspondence information stored in ad-
vance. The controller 38 determines at least one of the
position and the orientation of the face of the subject 19
in the vehicle 17 and whether the line-of-sight of the sub-
ject 19 is directed to the display apparatus 15, on the
basis of a result of the comparison.
[0050] The controller 38 stores the first to fourth pa-
rameters and a result of the determination in the memory
37 in association with a current frame of the first captured
image. In the present embodiment, the result of the de-
termination includes information indicating the position
and the orientation of the face of the subject 19 in the
vehicle 17 and information indicating whether the line-of-
sight of the subject 19 is directed to the display apparatus
15.
[0051] The controller 38 determines whether the result
of the determination associated with the current frame
indicates that the line-of-sight of the subject 19 is directed
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to the display apparatus 15.
[0052] When the result of the determination associated
with the current frame indicates that the line-of-sight of
the subject 19 is not directed to the display apparatus
15, the controller 38 sets a position and a size of the
specific region in the second captured image to their re-
spective predetermined values. The predetermined val-
ues may also be referred to as standard values. The
standard values may be any values. Alternatively, the
controller 38 may maintain the position and the size of
the specific region in the second captured image in a past
frame. The past frame may be, but not limited to, an im-
mediately preceding frame. Processing for maintaining
the position and the size of the specific region may in-
clude processing for stopping the change in the position
and the size of the specific region. The controller 38 caus-
es the communication interface 36 to output an image of
the specific region clipped from the second captured im-
age to the display apparatus 15.
[0053] On the other hand, when the result of the de-
termination associated with the current frame indicates
that the line-of-sight of the subject 19 is directed to the
display apparatus 15, the controller 38 determines
whether the result of the determination associated with
the past frame indicates that the line-of-sight of the sub-
ject 19 is directed to the display apparatus 15.
[0054] When the result of the determination associated
with the past frame indicates that the line-of-sight of the
subject 19 is directed to the display apparatus 15, the
controller 38 changes at least one of the position and the
size of the specific region in the second captured image,
according to a change in at least one of the position and
the orientation of the face of the subject 19 in the vehicle
17 from past frame to the current frame. The operation
of the controller 38 to change at least one of the position
and the size of the specific region will be described in
detail later.
[0055] The controller 38 causes the communication in-
terface 36 to output the image of the specific region
clipped from the second captured image to the display
apparatus 15.
[0056] Now, the display apparatus 15 will be described.
The display apparatus 15 includes a display apparatus
communication interface 39, a display 40, and an optical
member 41.
[0057] The display apparatus communication interface
39 includes an interface configured to input and output
information via the network 16.
[0058] The display 40 includes a display such as a liq-
uid crystal display or an organic EL (Electrolumines-
cence) display. The display 40 may display, for example,
an image received by the display apparatus communi-
cation interface 39. The display 40 is disposed in a hous-
ing of the display apparatus 15, which opens toward a
cabin of the vehicle, in such a manner that backlight from
the display 40 or light from the display 40 is irradiated to
the cabin. The display 40 is configured to allow switcho-
ver between on and off of its operation in accordance

with, for example, predetermined operation by the sub-
ject 19 in respect of the display apparatus 15.
[0059] The optical member 41 includes a member such
as a half mirror configured to function as a beam splitter.
The optical member 41 reflects a portion of incident light
to the optical member 41 and transmits the rest of the
incident light. The optical member 41 is panel-shaped
and disposed in front of the display 40 provided to the
housing of the display apparatus 15 in such a manner as
to, for example, cover the opening of the housing. Thus,
when the operation of the display 40 is turned off, i.e.,
when the display 40 does not emit light, the display ap-
paratus 15 functions as a mirror for reflecting ambient
light by means of the optical member 41. On the other
hand, when the operation of the display 40 is turned on,
i.e., when the display 40 emits light, the portion of the
light from the display 40 transmitted by the optical mem-
ber 41 is irradiated to the cabin. At this time, the display
apparatus 15 functions as a display.
[0060] The operation of the controller 38 of the image
processing apparatus 14 to change at least one of the
position and the size of the specific region will be de-
scribed in detail. As described above, when the result of
the determination associated with the current frame and
the result of the determination associated with the past
frame both indicate that the line-of-sight of the subject
19 is directed to the display apparatus 15, the controller
38 changes at least one of the position and the size of
the specific region. In particular, the controller 38 chang-
es at least one of the position and the size of the specific
region, according to at least one of the position and the
orientation of the face of the subject 19 in the vehicle 17.
Thus, when, for example, at least one of the position and
the orientation of the face of the subject 19 in the vehicle
17 changes while the line-of-sight of the subject 19 is
maintained directed to the display apparatus 15, at least
one of the position and the size of the specific region
changes. Hereinafter, at least one of the position and the
orientation of the face of the subject 19 in the vehicle 17
will also be referred to as a "posture" of the subject 19.
The "posture" does not include the line-of-sight of the
subject 19. Thus, the subject 19 may, for example,
change the line-of-sight in any manner while maintaining
one posture. An example in which the subject 19 changes
his/her posture while maintaining the line-of-sight direct-
ed to the display apparatus 15 will be described with ref-
erence to FIG. 5 to FIG. 10.
[0061] A state in which the subject 19 in the vehicle 17
is in a predetermined standard posture will be described.
The standard posture is a posture of the subject 19 in
which the subject 19 driving the vehicle 17 is seated on
the driver’s seat in a normal manner. The standard pos-
ture is determined for each subject 19 by, for example,
performing calibration during initial operation of the cam-
era monitor system 10. Hereinafter, a position and an
orientation of the face in the standard posture of the sub-
ject 19 in the vehicle 17 will be referred to as a standard
position and a standard orientation, respectively. The
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standard orientation substantially coincides with, for ex-
ample, the forward direction of the vehicle 17.
[0062] FIG. 5 illustrates, by way of example, a posi-
tional relationship between the subject 19 in the standard
posture and the display apparatus 15. In this case, as
illustrated in FIG. 6 by way of example, a position and a
size of a specific region 43 in the second captured image
42 are set to their respective standard values.
[0063] A case in which the position of the face of the
subject 19 in the vehicle 17 moves will now be described.
The movement of the position of the face will also be
referred to as a positional change of the face. The orien-
tation of the face of the subject 19 is assumed to be main-
tained in the standard orientation. That is, the face of the
subject 19 is directed in the forward direction. FIG. 7 il-
lustrates, by way of example, a state in which the face
of the subject 19 moves to the left from the standard
position with respect to the forward direction. In this case,
the positional change of the face of the subject 19 in-
cludes a first direction component 44 from the face of the
subject 19 towards the display apparatus 15 and a sec-
ond direction component 45 perpendicular to the first di-
rection.
[0064] When the change of the position of the face of
the subject 19 includes the first direction component 44,
the controller 38 increases or decreases the size of the
specific region 43. When the first direction component
44 is positive, i.e., when the face of the subject 19 moves
towards the display apparatus 15, the controller 38 may
increase the size of the specific region 43 as illustrated
in FIG. 8 by way of example. This configuration enables
the subject 19 to view a rear peripheral area of the vehicle
17 in the manner similar to an actual mirror.
[0065] When the positional change of the face of the
subject 19 includes the second direction component 45,
the controller 38 changes the position of the specific re-
gion 43 in a direction substantially the same as, or sub-
stantially opposite to, the second direction. The controller
38 may change the position of the specific region in the
direction substantially opposite to the second direction.
For example, when the second direction corresponds to
the left direction, the controller 38 changes the position
of the specific region in the right direction substantially
opposite to the left direction as illustrated in FIG. 8. This
configuration enables the subject 19 to view the rear pe-
ripheral area of the vehicle 17 in the manner similar to
an actual mirror.
[0066] A case where the orientation of the face of the
subject 19 in the vehicle 17 changes, for example, in a
third direction, which is any one of up, down, left, or right
directions with respect to the front direction of the face
will be described. The change of the orientation of the
face in the third direction will also be referred to as rotation
of the face in the third direction. For example, FIG. 9
illustrates a state in which the orientation of the face of
the subject 19 changes in the right direction with respect
to the front direction of the face. That is, FIG. 9 illustrates
a state in which the face of the subject 19 turns in the

right direction. In this case, the controller 38 changes the
position of the specific region 43 in the direction substan-
tially the same as, or substantially opposite to, the third
direction. The controller 38 may change the position of
the specific region in the direction substantially opposite
to the third direction. For example, when the third direc-
tion corresponds to the right direction, the controller 38
changes the position of the specific region 43 in the left
direction as illustrated in FIG. 10. This configuration en-
ables the subject 19 to view the rear peripheral area of
the vehicle 17 in the manner similar to an actual mirror.
[0067] Alternatively, when the orientation of the face
of the subject 19 in the vehicle 17 is different from a pre-
determined direction, the controller 38 may change the
position of the specific region 43 in a direction substan-
tially the same as a fourth direction, which is directed to
the orientation of the face of the subject 19 from the pre-
determined direction, or in a direction substantially op-
posite to the fourth direction. The predetermined direction
may be any direction including, for example, a standard
direction corresponding to the forward direction of the
vehicle 17 or a direction directed to the display apparatus
15 from the standard position. This configuration enables
the subject 19 to change a region of the image displayed
on the display apparatus 15 by changing the orientation
of the face in the up, down, left, or right direction from
the predetermined direction while maintaining the line-
of-sight directed to the display apparatus 15.
[0068] The operation of the image processing appara-
tus 14 will be described with reference to the flowchart
in FIG. 11. This operation starts when, for example, the
operation of the display 40 of the display apparatus 15
is turned on, and is executed for each frame for gener-
ating the first captured image until the operation of the
display 40 is turned off.
[0069] In step S100, the controller 38 causes the com-
munication interface 36 to receive the first captured im-
age from the first imaging apparatus 12 and receive the
second captured image 42 from the second imaging ap-
paratus 13.
[0070] In step S101, the controller 38 detects the face
and the eyes of the subject 19 in the first captured image.
[0071] In step S102, the controller 38 determines the
first to fourth parameters of the subject 19 detected in
the first captured image.
[0072] In step S103, the controller 38 compares the
determined combination of the first to fourth parameters
with the correspondence information stored in advance
and determines at least one of the position and the ori-
entation of the face of the subject 19 in the vehicle 17
and also determines whether the line-of-sight of the sub-
ject 19 is directed to the display apparatus 15.
[0073] In step S104, the controller 38 stores the first
to fourth parameters determined in step S102 and the
result of the determination made in step S103, in asso-
ciation with the current frame of the first captured image.
[0074] In step S105, the controller 38 determines
whether the result of the determination associated with
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the current frame indicates that the line-of-sight of the
subject 19 is directed to the display apparatus 15. When
the line-of-sight is directed to the display apparatus 15
(in the case of Yes in step S105), the controller 38 pro-
ceeds to step S106. On the other hand, when the line-
of-sight is not directed to the display apparatus 15 (in the
case of No in step S105), the controller 38 proceeds to
step S108.
[0075] When the line-of-sight is directed to the display
apparatus 15 in step S105 (in the case of Yes in step
S105), the controller 38 determines in step S106 whether
the result of the determination associated with a past
frame indicates that the line-of-sight of the subject 19 is
directed to the display apparatus 15. When the line-of-
sight is directed to the display apparatus 15 (in the case
of Yes in step S106), the controller 38 proceeds to step
S107. On the other hand, when the line-of-sight is not
directed to the display apparatus 15 (in the case of No
in step S106), the controller 38 proceeds to step S109.
[0076] When the line-of-sight is directed to the display
apparatus 15 in step S106 (in the case of Yes in step
S106), the controller 38 changes at least one of the po-
sition and the size of the specific region 43 in the second
captured image 42 in step S107, according to the change
in at least one of the position and the orientation of the
face of the subject 19 in the vehicle 17 from the past
frame to the current frame. Then, the controller 38 pro-
ceeds to step S109.
[0077] When the line-of-sight is not directed to the dis-
play apparatus 15 in step S105 (in the case of No in step
S105), the controller 38 sets the position and the size of
the specific region 43 in the second captured image 42
to their respective predetermined values in step S108.
Alternatively, the controller 38 may maintain (stops
changing) the position and the size of the specific region
43 in the second captured image 42 in the past frame.
Then, the controller 38 proceeds to step S109.
[0078] When the line-of-sight is not directed to the dis-
play apparatus 15 in step S106 (in the case of No in step
S106), the controller 38 causes the communication in-
terface 36 to output the image of the specific region 43
clipped from the second captured image 42 to the display
apparatus 15 at step S109 after step S107 or S108. Then,
the controller 38 returns to step S100.
[0079] As described above, the image processing ap-
paratus 14 of the camera monitor system 10 according
to the present embodiment changes at least one of the
position and the size of the specific region, according to
at least one of the position and the orientation of the face
of the subject 19 as well as the direction of the line-of-
sight of the subject 19. The position and the orientation
of the face and the direction of the line-of-sight of the
subject 19 are determined on the basis of the first cap-
tured image capturing the face of the subject 19. The
image processing apparatus 14 improves usability of the
camera monitor system 10 as described below.
[0080] According to conventional techniques, the im-
pression a driver has when using the conventional con-

figuration utilizing an actual mirror may differ to that of a
configuration utilizing the camera monitor system. For
example, in the configuration utilizing an actual mirror, a
peripheral area around the vehicle viewable in the mirror
changes in accordance with the posture of the driver in
the vehicle. Accordingly, it can be acceptable in the cam-
era monitor system, from the viewpoint of usability, to
change the display of the display apparatus in accord-
ance with the posture of the driver. However, when the
driver is assumed to change his/her posture uncon-
sciously and the display of the display apparatus is fre-
quently changed in accordance with the change, the us-
ability of the camera monitor system may be impaired.
As such, there is room for improvement in the usability
of the camera monitor system.
[0081] On the other hand, the image processing appa-
ratus 14 having the above configuration may change the
specific region 43 in the image displayed on the display
apparatus 15 on the basis of the posture of the user in a
manner similar to that when the user is looking at the
peripheral area of the vehicle 17 in an actual mirror. Thus,
the usability of the camera monitor system may be im-
proved.
[0082] When the line-of-sight of the subject 19 is di-
rected to the display apparatus 15, the image processing
apparatus 14 may change at least one of the position
and the size of the specific region 43. This configuration
changes the specific region 43 only when, for example,
the subject 19 is highly likely to be looking at the display
apparatus 15, thus further improving the usability of the
camera monitor system 10.
[0083] When the positional change of the face of the
subject 19 in the vehicle 17 includes the first direction
component 44, the image processing apparatus 14 may
increase or decrease the size of the specific region 43.
This configuration enables the subject 19 to view the rear
peripheral area of the vehicle 17 in the manner similar to
an actual mirror, thus further improving the usability of
the camera monitor system 10.
[0084] When the positional change of the face of the
subject 19 in the vehicle 17 includes the second direction
component 45, the image processing apparatus 14 may
change the position of the specific region 43 in the direc-
tion substantially the same as, or substantially opposite
to, the second direction. This configuration enables the
subject 19 to view the rear peripheral area of the vehicle
17 in the manner similar to an actual mirror, thus further
improving the usability of the camera monitor system 10.
[0085] The image processing apparatus 14 may
change the position of the specific region 43 in a direction
substantially the same as the third direction, in which the
orientation of the face of the subject 19 in the vehicle is
changed in the up, down, left, or right direction, or in the
direction substantially opposite to the third direction. This
configuration enables the subject 19 to view the rear pe-
ripheral area of the vehicle 17 in the manner similar to
an actual mirror, thus further improving the usability of
the camera monitor system 10.
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[0086] Alternatively, when the orientation of the face
of the subject 19 in the vehicle 17 is different from the
predetermined direction, the image processing appara-
tus 14 may change the position of the specific region 43
in the direction substantially the same as the fourth di-
rection, which directs to the orientation of the face of the
subject 19 from the predetermined direction, or in the
direction substantially opposite to the fourth direction.
This configuration enables the subject 19 to successively
change the specific region 43 in the image displayed on
the display apparatus 15 by changing the orientation of
the face in the up, down, left, and right directions from
the predetermined direction while keeping the line-of-
sight directed to the display apparatus 15. Thus, the us-
ability of the camera monitor system 10 is further im-
proved.
[0087] Although the present disclosure has been de-
scribed on the basis of figures and embodiments, it
should be appreciated that those who are skilled in the
art may easily vary or alter in a multiple manner on the
basis of the present disclosure. Accordingly, such varia-
tions and modifications are included in the scope of the
present disclosure. For example, a function included in
each means or each step may be rearranged avoiding a
logical inconsistency, such that a plurality of means or
steps are combined or divided.
[0088] For example, although in the above embodi-
ments the image processing apparatus 14 is configured
to receive the second captured image 42 from the second
imaging apparatus 13, the reception of the second cap-
tured image may be omitted. In this case, the controller
38 of the image processing apparatus 14, after determin-
ing the position and the size of the specific region 43 in
the second captured image 42, outputs information indi-
cating the position and the size of the specific region 43
to the second imaging apparatus 13. The second camera
controller 35 of the second imaging apparatus 13 deter-
mines the specific region 43 on the basis of the informa-
tion received from the image processing apparatus 14
and outputs the image of the specific region 43 clipped
from the second captured image 42 to the display appa-
ratus 15. This configuration eliminates the necessity for
the second imaging apparatus 13 to output the second
captured image 42 to the image processing apparatus
14, thus reducing information communicated between
the second imaging apparatus 13 and the image process-
ing apparatus 14.
[0089] Although the camera monitor system 10 ac-
cording to the above embodiments includes the illumina-
tion apparatus 11, the first imaging apparatus 12, the
second imaging apparatus 13, the image processing ap-
paratus 14, and the display apparatus 15, each constit-
uent element and each function of the camera monitor
system 10 may be rearranged. For example, some or all
of the constituent elements and functions of the image
processing apparatus 14 may be included in at least one
of the first imaging apparatus 12 and the second imaging
apparatus 13. The first camera controller 29 of the first

imaging apparatus 12 may determine the position and
the size of the specific region 43 in the second captured
image 42 and output the information indicating the posi-
tion and the size of the specific region 43 to the second
imaging apparatus 13. The second camera controller 35
of the second imaging apparatus 13 determines the spe-
cific region 43 on the basis of the information received
from the image processing apparatus 14 and outputs the
image of the specific region 43 clipped from the second
captured image 42 to the display apparatus 15.
[0090] In the above embodiments the image of the spe-
cific region 43 clipped from the second captured image
42 is displayed on the display apparatus 15. However,
when the first imaging optical system 24 of the first im-
aging apparatus 12 omits a filter for transmitting only the
light of the infrared band, that is, when the first imaging
apparatus 12 is used as a visible light camera, the image
of the specific region clipped from the first captured image
may be displayed on the display apparatus 15.
[0091] Although in the above embodiments the mem-
ory 37 of the image processing apparatus 14 stores the
correspondence information in advance, the memory 37
does not need to store the correspondence information.
In this case, the controller 38 of the image processing
apparatus 14 determines the position and the orientation
of the face of the subject 19 in the vehicle 17 and also
determines whether the line-of-sight is directed to the
display apparatus 15 by performing, for example, a sim-
ulation using the first to fourth parameters determined on
the basis of the first captured image.
[0092] Some of the constituent elements of the camera
monitor system 10 according to the above embodiments
may be provided outside the vehicle 17. For example,
the image processing apparatus 14 may be implemented
by a communication device such as a mobile phone or
an external server and connected to other constituent
elements of the camera monitor system 10 in a wired or
wireless manner.
[0093] The above embodiments describe a configura-
tion in which the camera monitor system 10 is mounted
in the vehicle 17. However, the camera monitor system
10 may be mounted in various moving bodies other than
the vehicle 17. The term "moving body" used herein may
encompass, for example, vehicles, ships, and aircrafts.
The vehicles may include, for example, automobiles, in-
dustrial vehicles, rail vehicles, life vehicles, and fixed-
wing aircrafts that travel on a runway. The automobiles
may include, for example, cars, tracks, bases, motorcy-
cles, and trolley buses. The industrial vehicles may in-
clude, for example, agricultural vehicles and construction
vehicles. The industrial vehicles may include, for exam-
ple, forklifts and golf carts. The industrial vehicles for ag-
ricultural purpose may include, for example, tractors, till-
ers, transplanters, binders, combined harvesters, and
lawn mowers. The industrial vehicles for construction
purpose may include, for example, bulldozers, scrapers,
excavators, crane trucks, dump trucks, and load rollers.
The vehicles may include human-power vehicles

17 18 



EP 3 358 839 A1

11

5

10

15

20

25

30

35

40

45

50

55

traveling on human power. Classification of the vehicles
is not limited to the above. For example, the vehicles may
include industrial vehicles authorized to travel on the
road. A plurality of categories may include the same type
of vehicles. The vessels may include, for example, wa-
tercrafts, boats, and tankers. The aircrafts may include,
for example, fixed wing aircrafts and rotorcrafts.

REFERENCE SIGNS LIST

[0094]

10 camera monitor system
11 illumination apparatus
12 first imaging apparatus
13 second imaging apparatus
14 image processing apparatus
15 display apparatus
16 network
17 vehicle
18 dashboard
19 subject
20 light source
21 illumination optical system
22 illumination apparatus communication interface
23 illumination apparatus controller
24 first imaging optical system
25 first image sensor
26 first AFE
27 first image processor
28 first communication interface
29 first camera controller
30 second imaging optical system
31 second image sensor
32 second AFE
33 second image processor
34 second communication interface
35 second camera controller
36 communication interface
37 memory
38 controller
39 display apparatus communication interface
40 display
41 optical member
42 second captured image
43 specific region
44 first direction component
45 second direction component
46 instrument panel

Claims

1. An image processing apparatus comprising:

a communication interface configured to receive
a first captured image capturing a face of a sub-
ject in a moving body; and

a controller configured to change at least one of
a position and a size of a specific region in either
the first captured image or a second captured
image different from the first captured image,
according to at least one of a position and an
orientation of the face of the subject determined
on the basis of the first captured image, as well
as a direction of a line-of-sight of the subject.

2. The image processing apparatus according to claim
1,
wherein, when the line-of-sight of the subject is di-
rected to a display apparatus mounted in the moving
body, the controller changes at least one of the po-
sition and the size of the specific region.

3. The image processing apparatus according to claim
1 or 2,
wherein the communication interface outputs infor-
mation indicating the specific region or an image of
the specific region clipped from either the first cap-
tured image or the second captured image.

4. The image processing apparatus according to any
one of claims 1 to 3,
wherein, when the line-of-sight of the subject is not
directed to a display apparatus mounted in the mov-
ing body, the controller stops changing the position
and the size of the specific region or sets the position
and the size of the specific region to respective
standard values.

5. The image processing apparatus according to any
one of claims 1 to 4,
wherein, when a positional change of the face of the
subject in the moving body includes a first direction
component from the face of the subject toward a dis-
play apparatus mounted in the moving body, the con-
troller increases or decreases the size of the specific
region.

6. The image processing apparatus according to any
one of claims 1 to 5,
wherein, when a positional change of the face of the
subject in the moving body includes a second direc-
tion component in a second direction perpendicular
to a first direction component from the face of the
subject toward a display apparatus mounted in the
moving body, the controller changes the position of
the specific region in a direction substantially the
same as, or substantially opposite to, the second
direction.

7. The image processing apparatus according to any
one of claims 1 to 6,
wherein the controller changes the position of the
specific region in a direction substantially the same
as, or substantially opposite to, a third direction in
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which the orientation of the face of the subject in the
moving body is changed in an up, a down, left, or
right direction with respect to a front direction of the
face.

8. The image processing apparatus according to any
one of claims 1 to 6,
wherein, when the orientation of the face of the sub-
ject in the moving body is different from a predeter-
mined direction, the controller changes the position
of the specific region in a direction substantially the
same as, or substantially opposite to, a fourth direc-
tion directed to the orientation of the face of the sub-
ject from the predetermined direction.

9. The image processing apparatus according to any
one of claims 1 to 8,
wherein the second captured image is a captured
image capturing an area outside the moving body.

10. An imaging apparatus comprising:

an imaging unit configured to generate a cap-
tured image capturing an area outside a moving
body;
a communication interface configured to acquire
information indicating at least one of a position
and an orientation of a face of a subject in the
moving body, as well as a direction of a line-of-
sight of the subject; and
a controller configured to change at least one of
a position and a size of a specific region in the
captured image on the basis of the information.

11. An imaging apparatus comprising:

an imaging unit configured to generate a first
captured image capturing a face of a subject in
a moving body;
a controller configured to change at least one of
a position and a size of a specific region in either
the first captured image or a second captured
image different from the first captured image,
according to at least one of a position and an
orientation of the face of the subject determined
on the basis of the first captured image, as well
as a direction of a line-of-sight of the subject; and
a communication interface configured to output
information indicating the specific region in the
second captured image or an image of the spe-
cific region clipped from the first captured image.

12. A camera monitor system comprising:

an image processing apparatus including a
communication interface configured to receive
a first captured image capturing a face of a sub-
ject in a moving body and a controller configured

to change at least one of a position and a size
of a specific region in either the first captured
image or a second captured image different from
the first captured image, according to at least
one of a position and an orientation of the face
of the subject determined on the basis of the first
captured image, as well as a direction of a line-
of-sight of the subject; and
a display apparatus configured to display an im-
age of the specific region clipped from either the
first captured image or the second captured im-
age.

13. An image processing method comprising:

a step of receiving a first captured image cap-
turing a face of a subject in a moving body; and
a step of changing at least one of a position and
a size of a specific region in either the first cap-
tured image or a second captured image differ-
ent from the first captured image, according to
at least one of a position and an orientation of
the face of the subject determined on the basis
of the first captured image, as well as a direction
of a line-of-sight of the subject.
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