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(54) VIDEO IMAGE GENERATION DEVICE AND VIDEO IMAGE GENERATION METHOD

(57) The present disclosure is to efficiently generate
high-quality synthesized image with less visual uncom-
fortableness. A synthesized image generating module
place a virtual camera in a three-dimensional virtual
space based on a position and posture of a water-surface
movable body, place at least one of additional display
information in the three-dimensional virtual space as a
three-dimensional virtual reality object, and place a vir-
tual projection screen. The synthesized image generat-
ing module create a mesh subdividing the projection
screen, and being distorted in the opposite direction of
lens distortion caused in a captured image at the wa-

ter-surface movable body. The synthesized image gen-
erating module convert vertexes of the virtual reality ob-
ject and vertexes of the mesh faces by a vertex shader
based on a position and a direction of the virtual camera
into positions in a two-dimensional virtual screen that is
a perspective projection plane. The synthesized image
generating module place image pieces that are subdivi-
sions of the captured image to the corresponding mesh
by a pixel shader based on the positions of the converted
vertexes to generate a synthesized image where a graph-
ic rendering the virtual reality object is synthesized with
the captured image.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an image gen-
erating device and an image generating method. In detail,
the present disclosure relates to an image generating
device and an image generating method which generate
an image indicative of a situation around a water-surface
movable body.

BACKGROUND ART

[0002] For example, this kind of image generating de-
vice is disclosed in Patent Document 1. The image gen-
erating device of Patent Document 1 includes a camera,
an imaging data receiving part, a position acquiring part,
an image generating part, a target object display item
generating part, and a display unit, and is configured to
perform geo-referencing of the image stream from the
camera.
[0003] In Patent Document 1, the imaging data receiv-
ing part receives the stream image data captured by the
camera of a ship. The position acquiring part acquires
the position of a target object around the ship (another
ship etc.). The image generating part generates an image
to be displayed on the display unit based on the image
of the stream image data. The image supports the posi-
tion and the view of the camera. The target object display
item generating part generates a target object display
item indicative of the target object at a point on the image.
The display is configured to display the image, and the
target object display item placed at the point on the im-
age.
[0004] The image generating part generates the image
by projecting the image on a three-dimensional virtual
space in which points correspond to the points on the
image, and the environment around the water-surface
movable body is indicated. Further, the target object dis-
play item generating part generates the target object dis-
play item based on positional information on the target
object, and the points of the three-dimensional virtual
space.

[Reference Document of Conventional Art]

[Patent Document]

[0005] [Patent Document 1] US2015/0350552A1

DESCRIPTION OF THE DISCLOSURE

[Problems to be Solved by the Disclosure]

[0006] Meanwhile, lens distortion generally arises in
image data captured by the camera. In particular, when
imaging the situation around a ship, it is possible to use
a wide-angle lens in order to obtain a captured image of

an extensive view, but, in that case, the distortion of the
image becomes stronger. Therefore, if a synthesized im-
age obtained by simply synthesizing the image with the
target object display items is displayed on a display unit,
it becomes an unnatural image, and it may give uncom-
fortableness to the user who looked at this synthesized
image. In the configuration of Patent Document 1, there
is still room for an improvement in terms of such an issue.
[0007] The present disclosure is made in view of the
above situations, and one purpose thereof is to efficiently
generate high-quality synthesized image with less visual
uncomfortableness to realize an excellent extended re-
alistic indication.

[Summary and Effect of the Disclosure]

[0008] The problem to be solved by the present disclo-
sure is as described above, and means to solve the prob-
lem and the effect thereof is described below.
[0009] According to the first aspect of the present dis-
closure, an image generating device with the following
configuration is provided. That is, the image generating
device include a captured image inputting module, a po-
sition acquiring module, a posture acquiring module, an
additional display information acquiring module, and a
synthesized image generating module. The captured im-
age inputting module accept an input of an image cap-
tured by an imaging device installed in a water-surface
movable body. The position acquiring module acquire
positional information indicative of a position of the water-
surface movable body. The posture acquiring module ac-
quire posture information indicative of a posture of the
water-surface movable body. The additional display in-
formation acquiring module acquire additional display in-
formation including information indicative of positions of
one or more locations. The synthesized image generat-
ing module place a virtual camera in a three-dimensional
virtual space based on the positional information and the
posture information, place at least one of the additional
display information in the three-dimensional virtual space
as a three-dimensional virtual reality object, and place a
virtual projection screen. The synthesized image gener-
ating module create a mesh subdividing the projection
screen, and being distorted in the opposite direction of
lens distortion caused in the captured image. The syn-
thesized image generating module convert vertexes of
the virtual reality object and vertexes of the mesh faces
by a vertex shader based on a position and a direction
of the virtual camera into positions in a two-dimensional
virtual screen that is a perspective projection plane. The
synthesized image generating module place image piec-
es that are subdivisions of the captured image to the cor-
responding mesh by a pixel shader based on the posi-
tions of the vertexes in the virtual screen. Accordingly,
the synthesized image generating module generate a
synthesized image where a graphic rendering the virtual
reality object is synthesized with the captured image.
[0010] According to this configuration, the synthesized
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virtual reality image can be obtained by superimposing
the graphic which three-dimensionally expresses the po-
sition etc. of the additional display information on the cap-
tured image based on the position and the posture of the
water-surface movable body. Moreover, since the cap-
tured image is synthesized with the three-dimensional
computer graphic in the state where the lens distortion
caused in the captured image is corrected, the uncom-
fortableness when synthesized can be reduced. Further,
since the mesh distorted in the opposite direction of the
lens distortion is placed in the three-dimensional virtual
space, the vertexes of the mesh are converted into the
positions in the virtual screen, and the image pieces ob-
tained by subdividing the image of the imaging device
are placed on the corresponding mesh, the lens distortion
can be appropriately corrected. Moreover, since the per-
spective projection in consideration of the correction of
the lens distortion is performed by the vertex shader in
a stage of vertex coordinate data, and raster data of the
captured image is then placed by the pixel shader, the
deformation of the raster data may be performed only
once. Therefore, degradation of image quality can be pre-
vented, and the speed of the processing can be largely
increased, as compared with the case where the
processing to deform the raster data of the captured im-
age is performed individually for the correction of the lens
distortion and the perspective projection.
[0011] In the image generating device, according to
the changes in the posture information, the direction of
the virtual camera in the three-dimensional virtual space
may be changed, and the virtual screen may be moved
so as to be captured by the virtual camera.
[0012] According to this configuration, when the water-
surface movable body shakes by a wave etc. and the
position etc. of the imaging device is changed, the display
of the three-dimensional computer graphic can be updat-
ed by the simple processing so as to be consistent with
the change in the captured image by moving virtual cam-
era and the projection screen accordingly. Moreover, be-
cause the virtual camera and the projection screen move
in the mutually interlocked manner, processing, for ex-
ample, to cause the captured image to always appear in
the synthesized image can also be performed easily.
[0013] In the image generating device, at least one of
a distorting direction and a distorting amount of the mesh
to be created may be changeable.
[0014] According to this configuration, since the direc-
tion and the intensity of the correction of the lens distor-
tion can be adjusted, this can be applied to a wide range
of imaging devices.
[0015] In the image generating device, the mesh may
be arranged in a curved shape in the three-dimensional
virtual space.
[0016] According to this configuration, in the synthe-
sized image, the captured image may appear in the nat-
ural way.
[0017] In the image generating device, the additional
display information may include at least any of another

water-surface movable body, a landmark, a scheduled
route, a route trace, a way point, a stopping location, a
destination, an ocean space where a school of fish is
detected, a foul water area, a traveling prohibited area,
a buoy, and a virtual buoy.
[0018] According to this configuration, the useful infor-
mation for a user including the spatial relationship can
be displayed in the form which is easy to grasp intuitively.
[0019] In the image generating device, a color of the
graphic displayed corresponding to the additional display
information may be changed according to a distance be-
tween a location indicated by the additional display infor-
mation and the water-surface movable body.
[0020] According to this configuration, when another
water-surface movable body exists nearby, the user can
understand this situation appropriately by displaying the
virtual reality object in the color which is more empha-
sized than others.
[0021] In the image generating device, the synthesized
image may be outputted to at least any of a display unit,
a portable computer, and a head mounted display in-
stalled in the water-surface movable body.
[0022] According to this configuration, the synthesized
image can be effectively utilized.
[0023] According to the second aspect of the present
disclosure, a method of generating an image as follows
is provided. That is, the method include the steps of ac-
cepting an input of an image captured by an imaging
device installed in a water-surface movable body, acquir-
ing positional information indicative of a position of the
water-surface movable body, acquiring posture informa-
tion indicative of a posture of the water-surface movable
body, acquiring additional display information including
information indicative of positions of one or more loca-
tions, placing a virtual camera in a three-dimensional vir-
tual space based on the positional information and the
posture information, placing at least one of the additional
display information in the three-dimensional virtual space
as a three-dimensional virtual reality object, placing a
virtual projection screen, creating a mesh subdividing the
projection screen, the mesh being distorted in the oppo-
site direction of lens distortion caused in the captured
image, converting vertexes of the virtual reality object
and vertexes of the mesh faces by a vertex shader based
on a position and a direction of the virtual camera into
positions in a two-dimensional virtual screen that is a
perspective projection plane, and placing image pieces
that are subdivisions of the captured image to the corre-
sponding mesh by a pixel shader based on the positions
of the vertexes in the virtual screen, to generate a syn-
thesized image where a graphic rendering the virtual re-
ality object is synthesized with the captured image.
[0024] According to this configuration, the synthesized
virtual reality image can be obtained by superimposing
the graphic which three-dimensionally expresses the po-
sition etc. of the additional display information on the cap-
tured image based on the position and the posture of the
water-surface movable body. Moreover, since the cap-
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tured image is synthesized with a three-dimensional
computer graphic in a state where the lens distortion
caused in the captured image is corrected, the uncom-
fortableness when synthesized can be reduced. Further,
since the distorted mesh is placed in the three-dimen-
sional virtual space, the vertexes of the mesh are con-
verted into the positions in the virtual screen, and the
image pieces obtained by subdividing the image of the
imaging device are placed on the corresponding mesh,
the lens distortion can be appropriately corrected. More-
over, since the perspective projection is performed in
consideration of the correction of the lens distortion by
the vertex shader in the stage of vertex coordinate data,
and raster data of the captured image is then placed by
the pixel shader, the deformation of the raster data may
be performed only once. Therefore, degradation of image
quality can be prevented, and the speed of the processing
can be largely increased, as compared with the case
where the processing to deform the raster data of the
captured image is performed individually for the correc-
tion of the lens distortion and the perspective projection.

BRIEF DESCRIPTION OF DRAWINGS

[0025]

Fig. 1 is a block diagram illustrating the entire con-
figuration of an image generating device according
to one embodiment of the present disclosure.
Fig. 2 is a side view illustrating various kinds of in-
struments mounted on a ship.
Fig. 3 is a conceptual diagram illustrating one exam-
ple of the additional display information to be dis-
played in the image generating device.
Fig. 4 is a conceptual diagram illustrating three-di-
mensional scene data established so that virtual re-
ality objects are placed in a three-dimensional virtual
space, and a projection screen placed in the three-
dimensional virtual space.
Fig. 5 is a view illustrating one example of a captured
image by a camera.
Fig. 6 is a view illustrating a synthesized image out-
putted from a data synthesizing module.
Fig. 7 is a conceptual diagram illustrating a case
where the ship shakes in a pitch direction and a roll
direction from the state of Fig. 4.
Fig. 8 is a view illustrating a synthesized image in
the case of Fig. 7.
Fig. 9 is a view illustrating a two-dimensional mesh
deformation as one example of processing to correct
lens distortion of the captured image.
Fig. 10 is a flowchart illustrating processing executed
by a data synthesizing module in order to perform a
correction of the lens distortion of the captured im-
age, and a perspective projection of the captured
image and a three-dimensional scene.
Fig. 11 is a conceptual diagram illustrating one ex-
ample in which vertexes of virtual reality objects and

mesh are projected on a virtual screen in the state
of Fig. 4.
Fig. 12 is Display Example 1 of a direction scale.
Fig. 13 is Display Example 2 of the direction scale.

MODE FOR CARRYING OUT THE DISCLOSURE

[0026] Next, one embodiment of the present disclosure
is described with reference to the drawings. Fig. 1 is a
block diagram illustrating the entire configuration of an
image generating device 1 according to one embodiment
of the present disclosure. Fig. 2 is a side view illustrating
various kinds of instruments mounted on a ship 4.
[0027] The image generating device 1 illustrated in Fig.
1 may be a device which is mounted on the ship (water-
surface movable body) 4 as illustrated, for example, in
Fig. 2, and may generate an image expressing the situ-
ation around the ship 4 in virtual reality based on the
image captured by a camera (imaging device) 3. The
image generated by the image generating device 1 may
be displayed on a display unit 2.
[0028] The display unit 2 may be configured as, for
example, a display unit for a navigation assisting device
to which a ship operator who operates the ship 4 refers.
However, the display unit 2 is not limited to the above
configuration, and, for example, it may be a display unit
for a portable computer which is carried by a ship oper-
ator’s assistant who monitors the surrounding situation
from the ship 4, a display unit for a passenger to watch
in the cabin of the ship 4, or a display part for a head
mounted display, such as a wearable glass, worn by a
passenger.
[0029] The image generating device 1 may generate
a synthesized image which is an output image to the dis-
play unit 2 by synthesizing the image around the ship 4
captured by the camera 3 installed in the ship 4, and
graphics which expresses additional display information
on the perimeter of the ship 4 in virtual reality (as will be
described in detail later).
[0030] Next, mainly referring to Fig. 1, the camera 3
and various kinds of ship instruments which may be elec-
trically connected to the image generating device 1 are
described.
[0031] The camera 3 may be configured as a wide-
angle video camera which images the perimeter of the
ship 4. This camera 3 may have a live output function,
capable of generating video data (image data) as the
imaged result on real time, and outputting it to the image
generating device 1. As illustrated in Fig. 2, the camera
3 may be installed in the ship 4 so that an imaging direc-
tion becomes horizontally forward of the hull.
[0032] The camera 3 may be attached to the ship 4
through a rotating mechanism (not illustrated) and, there-
fore, the imaging direction can be changed in a given
angle range on the basis of the hull of the ship 4 by in-
putting a signal for instructing pan/tilt from the image gen-
erating device 1. Moreover, since the height and the pos-
ture of the ship 4 variously change due to waves etc., the
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height of the camera 3 may change in connection with
the change, and the posture (imaging direction) may also
change three-dimensionally.
[0033] The image generating device 1 of this embod-
iment may be electrically connected to, in addition to the
camera 3, a GNSS compass (a direction sensor, a pos-
ture sensor) 5, an angular velocity sensor 6, a GNSS
receiver 7, an acceleration sensor 8, an AIS receiver 9,
an ECDIS 10, a plotter 11, a radar device 12, and a sonar
13, etc. as the ship instrument.
[0034] The GNSS compass 5 may be provided with a
plurality of GNSS antennas (positioning antenna) fixed
to the ship 4. The GNSS compass 5 may calculate spatial
relationships of the GNSS antennas based on radio
waves received from positioning satellites. Particularly,
the GNSS compass 5 of this embodiment may be con-
figured to obtain the spatial relationships of the GNSS
antennas based on phase differences of carrier phases
of the radio waves received by the respective GNSS an-
tennas (since this processing is known, detailed descrip-
tion thereof is omitted). Therefore, a bow direction of the
ship 4 can be acquired with sufficient accuracy.
[0035] The GNSS compass 5 may acquire the posture
of the ship 4 three-dimensionally. In other words, the
GNSS compass 5 may detect a roll angle and a pitch
angle of the ship 4, as well as the bow direction (i.e., yaw
angle of the ship 4). The posture information on the ship
4 acquired by the GNSS compass 5 may be outputted
to a posture acquiring module 16 of the image generating
device 1, and other ship instruments utilizing the posture
information.
[0036] The angular velocity sensor 6 may be, for ex-
ample, comprised of a known oscillating gyroscope sen-
sor, which is capable of detecting a yaw angular velocity,
a roll angular velocity, and a pitch angular velocity of the
ship 4 at a cycle shorter than a posture detection interval
of the GNSS compass 5 (e.g., 1 second). By using both
an angle detected by the GNSS compass 5 and an inte-
grated value of the angular velocity detected by the an-
gular velocity sensor 6, the posture of the ship 4 can be
acquired at a time interval shorter than the case where
only the GNSS compass 5 is used. Moreover, the angular
velocity sensor 6 may function as an alternative for ac-
quiring the posture information, when the radio wave from
the positioning satellite is interrupted with an obstacle,
such as a bridge, and the posture becomes undetectable
by the GNSS compass 5.
[0037] The GNSS receiver 7 may find the position of
the ship 4 (in detail, a latitude, a longitude, and a height
of the GNSS antenna) based on the radio waves which
the GNSS antennas received from the positioning satel-
lites. The GNSS receiver 7 may output the acquired po-
sitional information to a position acquiring module 15 of
the image generating device 1, and/or other ship instru-
ments utilizing the positional information.
[0038] The acceleration sensor 8 may be configured,
for example, as a known capacitance detection type sen-
sor, which is capable of detecting accelerations about

the yaw axis, the roll axis, and the pitch axis of the ship
4 at a cycle shorter than a position detection interval of
the GNSS receiver 7 (e.g., 1 second). By using both the
position detected by the GNSS receiver 7, and a double
integrated value of the acceleration detected by the ac-
celeration sensor 8, the position of the ship 4 can be
acquired at a time interval shorter than the case where
only the GNSS receiver 7 is used. Moreover, the accel-
eration sensor 8 may function as an alternative for ac-
quiring the positional information, when the radio wave
from the positioning satellite is interrupted, and the de-
tection of the position is impossible by the GNSS receiver
7.
[0039] In this embodiment, as illustrated in Fig. 2, the
angular velocity sensor 6, the GNSS receiver 7, and the
acceleration sensor 8 may be built in the GNSS compass
5. However, some or all of the angular velocity sensor 6,
the GNSS receiver 7, and the acceleration sensor 8 may
be provided independently from the GNSS compass 5.
[0040] The AIS receiver 9 may receive AIS information
transmitted from another ship, a land station, etc. The
AIS information may include various information, such
as a position (latitude and longitude) of another ship
which travels around the ship 4, a length and a width of
another ship, and a type and identifying information of
another ship, a ship speed, a course, a destination of
another ship, and a position and identifying information
of a landmark.
[0041] The ECDIS 10 may acquire the positional infor-
mation on the ship 4 from the GNSS receiver 7 and output
the information on the perimeter of the ship 4 to the image
generating device 1 based on electronic nautical chart
information stored beforehand.
[0042] The plotter 11 may generate information on a
traveling trail of the ship 4 by continuously acquiring the
position of the ship 4 from the GNSS receiver 7. Moreo-
ver, by allowing a user to set a plurality of waypoints
(points through which the ship 4 is scheduled to pass),
the plotter 11 can generate a scheduled route by sequen-
tially connecting these waypoints.
[0043] The radar device 12 may detect a target object,
such as another ship, which exists around the ship 4.
Moreover, the radar device 12 may have a known target
tracking function (Target Tracking, TT) which acquires
and tracks the target object, and may find a position and
a velocity vector (TT information) of the target object.
[0044] The sonar 13 may detect a school of fish etc.
by transmitting an ultrasonic wave underwater and re-
ceiving a reflective wave which is the ultrasonic wave
reflected on the school of fish etc.
[0045] The image generating device 1 may be con-
nected to a keyboard 31 and a mouse 32 which the user
operates. The user can perform various kinds of instruc-
tions about generation of an image by operating the key-
board 31 and the mouse 32. The instructions may include
the pan/tilt operation of the camera 3, setting of displaying
or not-displaying of various information, setting regarding
a correction of lens distortion, and a setup of a viewpoint
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of a synthesized image.
[0046] Next, a configuration of the images generating
device 1 is described in detail mainly referring to Fig. 1.
[0047] As illustrated in Fig. 1, the image generating
device 1 include a captured image inputting module 21,
the position acquiring module 15, the posture acquiring
module 16, an additional display information acquiring
module 17, a memory 18, an imaging position setting
module 25, an antenna position setting module 26, a
viewpoint setting module 27, a display setting module
28, a distortion correction setting module 29, and a syn-
thesized image generating module 20.
[0048] In detail, although the image generating device
1 is configured as a known computer and is not illustrated,
it may include a CPU, a ROM, a RAM, and a HDD. Fur-
ther, the image generating device 1 may be provided with
a GPU for performing three-dimensional image process-
ing (described later) at high speed. The HDD stores, for
example, software for performing image generating
method of the present disclosure. By collaboration of the
hardware and the software, the image generating device
1 may be functioned as the captured image inputting
module 21, the position acquiring module 15, the posture
acquiring module 16, the additional display information
acquiring module 17, the memory 18, the imaging posi-
tion setting module 25, the antenna position setting mod-
ule 26, the viewpoint setting module 27, the display set-
ting module 28, the distortion correction setting module
29, the synthesized image generating module 20, etc.
[0049] The captured image inputting module 21 accept
an input of image data outputted from the camera 3, for
example, at 30 frames per second. The captured image
inputting module 21 may output the inputted image data
to the synthesized image generating module 20 (a data
synthesizing module 23 described later).
[0050] The position acquiring module 15 acquire the
current position of the ship 4 on real time based on the
detection results of the GNSS receiver 7 and the accel-
eration sensor 8.
[0051] The posture acquiring module 16 acquire the
current posture of the ship 4 on real time based on the
detection results of the GNSS compass 5 and the angular
velocity sensor 6.
[0052] The additional display information acquiring
module 17 acquire information to be displayed in addition
to the image captured by the camera 3 (additional display
information) based on information outputted to the image
generating device 1 from the AIS receiver 9, the ECDIS
10, the plotter 11, the radar device 12, the sonar 13, etc.
Although various information can be considered as the
additional display information, the information may be,
for example, about a route line 42 set as the scheduled
route of the ship 4 as illustrated in Fig. 3. Note that, the
details of the additional display information will be de-
scribed later.
[0053] The memory 18 of Fig. 1 may be configured as
a memory which stores various kinds of information. The
memory 18 may store three-dimensional shapes of vir-

tual reality objects expressing various kinds of the addi-
tional display information as templates. Although the tem-
plates of the three-dimensional shapes stored in the
memory 18 may be, for example, a small ship or boat, a
large-sized ship or vessel, a buoy, a lighthouse, etc., they
are not limited to these examples.
[0054] The imaging position setting module 25 may set
the position of the camera 3 in the ship 4 (imaging posi-
tion), specifically, the position of the camera 3 in the lon-
gitudinal direction and the width direction of the ship, and
the position of the camera in the vertical direction (the
height of the camera 3). Although the height of the cam-
era 3 may be a height from a waterline normally assumed
in the ship 4, it is not limited to this height and it may also
be, for example, a height from the ship’s bottom. This
setup of the imaging position can be performed, for ex-
ample, by the user operating the keyboard 31, the mouse
32, etc. to input the result of an actual measurement of
the position of the camera 3.
[0055] The antenna position setting module 26 may
set the position of the GNSS antenna in the ship 4 (an-
tenna position). This antenna position can be, for exam-
ple, positions in the longitudinal direction, the width di-
rection, and the vertical direction of the ship with respect
to a reference point 4a set in the ship 4 as a reference
of control as illustrated in Fig. 2. Although this reference
point 4a can be defined variously, it may be defined at a
position at the center of the hull of the ship 4 and at the
same height as the waterline normally assumed, in this
embodiment. The setup of the antenna position can be
performed, for example, by inputting an actual measure-
ment value, similar to the imaging position described
above.
[0056] The viewpoint setting module 27 of Fig. 1 may
set the viewpoint of the image generated by the synthe-
sized image generating module 20 (described later), for
example, by the user operating the keyboard 31 and the
mouse 32.
[0057] The display setting module 28 may set display-
ing or not-displaying of the additional display information
in the image generated by the synthesized image gen-
erating module 20 (described later). These settings can
be performed by the user operating the keyboard 31 and
the mouse 32.
[0058] The distortion correction setting module 29 may
set a direction in and an intensity of which the image
inputted from the captured image inputting module 21 is
deformed by software processing, in order to correct lens
distortion caused in the image captured by the camera
3. Therefore, the correction can be performed appropri-
ately corresponding to the lens distortion caused in the
image, which is variously different depending on the cam-
era 3 (in other words, lens used by the camera 3). This
setup of the distortion correction can be performed by
the user operating the keyboard 31 and the mouse 32.
[0059] The position acquiring module 15, the posture
acquiring module 16, the additional display information
acquiring module 17, the memory 18, the imaging posi-
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tion setting module 25, the antenna position setting mod-
ule 26, the viewpoint setting module 27, the display set-
ting module 28, and the distortion correction setting mod-
ule 29 may acquire, store or output the setting information
to the synthesized image generating module 20.
[0060] The synthesized image generating module 20
may generate an image expressing extended reality by
synthesizing three-dimensional computer graphics with
the captured image of the camera 3 inputted into the cap-
tured image inputting module 21. This synthesized image
generating module 20 may include a three-dimensional
scene generating module 22 and the data synthesizing
module 23.
[0061] As illustrated in Fig. 4, the three-dimensional
scene generating module 22 may establish a three-di-
mensional scene of virtual reality by placing virtual reality
objects 41v, 42v,... corresponding to the additional dis-
play information in a three-dimensional virtual space 40.
Therefore, a three-dimensional scene data (three-dimen-
sional display data) 48 which is data of the three-dimen-
sional scene may be generated. Note that the details of
the three-dimensional scene will be described later.
[0062] The data synthesizing module 23 of Fig. 1 may
generate a graphic which three-dimensionally expresses
the additional display information by rendering the three-
dimensional scene data 48 generated by the three-di-
mensional scene generating module 22. The data syn-
thesizing module 23 may also output a synthesized im-
age as illustrated in Fig. 6, i.e., the image synthesized
the graphics 41f, 42f,... with the captured image of the
camera 3. As illustrated in Fig. 6, in this synthesized im-
age, the graphics 41f, 42f,... indicative of the additional
display information may be placed on a sea surface im-
age captured by the camera 3 (illustrated in this figure
by broken lines for convenience of description) in a su-
perimposed fashion. The data synthesizing module 23
may output the generated synthesized image to the dis-
play unit 2. Note that the details of generation of the
graphics and the data synthesizing will be described lat-
er.
[0063] Next, the additional display information de-
scribed above acquired by the additional display infor-
mation acquiring module 17 is described in detail. Fig. 3
is a conceptual diagram illustrating one example of the
additional display information to be displayed in the im-
age generating device 1.
[0064] The additional display information may be infor-
mation displayed in addition to the image captured by
the camera 3, and may be various items according to the
purpose and the function of the ship instruments con-
nected to the image generating device 1. For example,
as for the AIS receiver 9, the received AIS information
(e.g., the position and the direction of another ship, the
position of a buoy, and the position of a virtual buoy) may
be the additional display information. As for the ECDIS
10, the additional display information may be a position
of a dangerous water area, a traveling prohibited area,
a lighthouse, or a buoy contained in the electronic nau-

tical chart. As for the plotter 11, the additional display
information may be a position of a recorded trace of the
ship 4, a scheduled route setting, a waypoint, an arrival
area, and a stopping area. As for the radar device 12,
the additional display information may be a position, a
speed, etc. of a detected target object. As for the sonar
13, a position of a detected school of fish may be the
additional display information. These information may be
inputted on real time into the image generating device 1
from the ship instruments. The additional display infor-
mation acquiring module 17 may assign identifying infor-
mation (e.g., an identification number) for uniquely iden-
tifying and managing each of the inputted additional dis-
play information.
[0065] In Fig. 3, one example of the additional display
information located around the ship 4 is illustrated. In Fig.
3, on the sea surface (on the water surface), waypoints
41 indicative of the destination, and the route line 42 in
the shape of a polygonal line indicative of the scheduled
route to the destination may be defined. Moreover, near
the route line 42, a polygon-shaped (rectangular shape)
stopping area 43 may be defined. The waypoint 41, the
route line 42, and the stopping area 43 may be set by
the user suitably operating the plotter 11 beforehand to
specify the position of each location.
[0066] Moreover, in the example of Fig. 3, it may be
detected using the AIS information acquired by the AIS
receiver 9 that another ship 44 is traveling to the right of
the ship 4 at a location a little distant forward from the
ship 4, and a virtual buoy 45 is located near, forward and
left side of the ship 4. Note that, although the virtual buoy
is not actually provided on the sea due to situations, such
as a difficulty of installation, it may mean an imaginary
buoy (intangible) displayed as a label or marker in the
screen of a navigation device.
[0067] Each additional display information may include
information at least indicative of the position (latitude and
longitude) of one or more locations on the sea surface
(water surface) at which it is placed. For example, the
additional display information indicative of the route line
42 includes information on positions of two locations used
as bends of the polygonal line (the positions of the loca-
tions of the bends correspond to the positions of the way-
point 41). The additional display information on the stop-
ping area 43 may include information at the position of
each location used as a vertex of the polygon. Moreover,
the additional display information indicative of another
ship 44 may include information indicative of the position,
the bow direction, the length and the width of another
ship 44.
[0068] Next, the establishment of the three-dimension-
al scene by the three-dimensional scene generating
module 22, and the synthesizing of the images by the
data synthesizing module 23 are described in detail re-
ferring to Fig. 4. Fig. 4 is a conceptual diagram illustrating
the three-dimensional scene data 48 which is generated
by placing the virtual reality objects 41v, 42v,... on the
three-dimensional virtual space 40, and a projection
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screen 51 placed on the three-dimensional virtual space
40.
[0069] As illustrated in Fig. 4, the three-dimensional
virtual space 40 where virtual reality objects 41v, 42v,...
are placed by the three-dimensional scene generating
module 22 may be configured in a rectangular coordinate
system which uses a suitable reference position of the
ship 4 (e.g., the reference point 4a described above) as
the origin, where an xz plane which is a horizontal plane
imitates the sea surface (water surface). In the example
of Fig. 4, the axis of coordinates may be set such that
the +z direction is always in agreement with the bow di-
rection, the +x direction is in agreement with the right-
ward, and the +y direction is in agreement with upward.
Each location (coordinates) in the three-dimensional vir-
tual space 40 may be set so as to correspond to the actual
position around the ship 4.
[0070] In Fig. 4, one example where the virtual reality
objects 41v, 42v, 43v, 44v, and 45v are placed in the
three-dimensional virtual space 40, in order to express
the situation around the ship 4 illustrated in Fig. 3, is
illustrated. Each of the virtual reality objects 41v, 42v,
43v, 44v, and 45v may be expressed as a mass of pol-
ygons, and placed so that it contacts the xz plane to reflect
a relative position of the additional display information
indicated by the virtual reality object with respect to the
ship 4 on the basis of the bow direction of the ship 4.
Upon determining the positions where these virtual reality
objects 41v, 42v,... are placed, a calculation using the
positions of the GNSS antennas set by the antenna po-
sition setting module 26 illustrated in Fig. 1 may be per-
formed.
[0071] The virtual reality object 44v indicative of anoth-
er ship 44 may have the shape of a ship, and may be
expressed using a template of the model of a large-sized
ship stored beforehand in the memory 18. Moreover, the
direction of the model may be oriented so as to indicate
the direction of another ship 44 acquired from the AIS
information.
[0072] The virtual reality object 45v indicative of the
virtual buoy 45 may be expressed using a template of
the model of a buoy stored beforehand in the memory
18, similar to the virtual reality object 44v of another ship
44.
[0073] The virtual reality object 41v of the waypoint 41
may be expressed three-dimensionally in the shape of a
thin disk. The virtual reality object 42v of the route line
42 may be expressed three-dimensionally in the shape
of a polygonal line comprised of strip plates having a
certain thickness and a certain width. The virtual reality
object 43v of the stopping area 43 may be expressed
three-dimensionally in the shape of a plate having a cer-
tain thickness and having a contour of the stopping area
43. For these virtual reality objects 41v, 42v, and 43v,
the three-dimensional shapes may be created each time,
without using the templates of the models.
[0074] The three-dimensional scene generating mod-
ule 22 may generate the three-dimensional scene data

48 as described above. In the example of Fig. 4, since
the virtual reality objects 41v, 42v,... are placed on the
basis of azimuth from the position of the ship 4 as the
origin, when the position of the ship 4 (positions in the
east-and-west direction and the north-and-south direc-
tion) changes from the state of Fig. 3, or when the bow
direction changes due to a turn etc., a new three-dimen-
sional scene where the virtual reality objects 41v, 42v,...
are rearranged may be established, and the three-dimen-
sional scene data 48 may then be updated. Moreover,
for example, when the contents of the additional display
information are changed due to traveling of another ship
44 from the state of Fig. 3, the three-dimensional scene
data 48 may be updated so that the latest additional dis-
play information is reflected.
[0075] Then, the data synthesizing module 23 place in
the three-dimensional virtual space 40 the projection
screen 51 which defines the position and the area where
the captured image of the camera 3 is projected. More-
over, the data synthesizing module 23 create a mesh 52
which subdivides the projection screen 51, in order to
correct the lens distortion caused in the captured image
of the camera 3. The mesh 52 may be arranged along
the projection screen 51. The synthesizing of the images
can be realized by setting the position and the direction
of a viewpoint camera 55 described below so that both
the projection screen 51 and the virtual reality objects
41v, 42v,... are contained in the view of the camera 55.
[0076] The data synthesizing module 23 may simulate
in the three-dimensional virtual space 40 the position and
the direction of the camera 3 mounted on the ship 4, and
place the projection screen 51 so as to directly oppose
to the camera 3. For the simulation of the position of the
camera 3, the position of the camera 3 on the basis of
the hull can be obtained based on the setting value of
the imaging position setting module 25 illustrated in Fig.
1.
[0077] Upon the simulation of the position and the di-
rection of the camera 3, the change in the direction of
the camera 3 by the pan/tilt operation described above
may be taken into consideration. Further, the simulation
may be performed so that the change in the position and
the direction of the camera 3 due to the change in the
posture and the height of the ship 4 are reflected based
on the positional information and the posture information
acquired by the position acquiring module 15 and the
posture acquiring module 16. The data synthesizing
module 23 may interlock with the change in the position
and the direction of the camera 3 to change the position
and the direction of the projection screen 51 placed in
the three-dimensional virtual space 40.
[0078] Then, the data synthesizing module 23 may
generate a two-dimensional image by performing known
rendering to the three-dimensional scene data 48 and
the projection screen 51. In more detail, the data synthe-
sizing module 23 may place as the virtual camera, the
viewpoint camera 55 in the three-dimensional virtual
space 40, and define a frustum (visual cone) 56 which
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defines an area to be rendered so that the viewpoint cam-
era 55 is used as a vertex and its line-of-sight direction
becomes the center axis. Then, the data synthesizing
module 23 convert coordinates of a vertex of the polygon
located inside the frustum 56 among the polygons which
constitute each object (one of the virtual reality objects
41v, 42v,..., and the projection screen 51) into coordi-
nates of the two-dimensional virtual screen correspond-
ing to the display area (in other words, perspective-pro-
jection plane) of the synthesized image in the display unit
2 by a perspective projection. Then, based on the vertex
placed on the virtual screen, a two-dimensional image
may be generated by generating and processing pixels
at a given resolution.
[0079] The two-dimensional image generated in this
way may include graphics obtained by rendering the
three-dimensional scene data 48 (in other words, the
graphics as results of rendering the virtual reality objects
41v, 42v,...). Moreover, during the generation of the two-
dimensional image, the captured image of the camera 3
may be placed so as to be pasted at the position corre-
sponding to the projection screen 51. Therefore, the syn-
thesizing of the images by the data synthesizing module
23 may be realized.
[0080] When the position and the direction of the view-
point camera 55 have been arranged so that they may
be in agreement with the camera 3 since the projection
screen 51 has a shape which is curved so as to meet the
spherical shell centering on a camera 3, it can prevent
distortion of the captured image by a perspective projec-
tion. Moreover, the captured image may be rendered as
if pieces obtained by finely dividing in the vertical and
horizontal directions (image pieces) are placed on the
projection screen 51 while being deformed conforming
to the mesh 52 projected on the virtual screen. Therefore,
by setting the shape of the mesh 52 appropriately, the
above-described lens distortion caused in the captured
image can be appropriately corrected. Note that, the de-
tails of this processing will be described later.
[0081] The viewpoint camera 55 may define the view-
point of the synthesized image, and its position and di-
rection may be defined by settings of the viewpoint setting
module 27. However, by making a special setting in the
viewpoint setting module 27, the data synthesizing mod-
ule 23 may set a mode when generating the synthesized
image as a mode in which the position and the direction
of the viewpoint camera 55 change automatically so that
they are always in agreement with the position and the
direction of the camera 3 (viewpoint tracking mode). In
this viewpoint tracking mode, since the entire view of the
viewpoint camera 55 is always covered by the projection
screen 51 (i.e., the captured image of the camera 3), the
realistic synthesized image with presence can be real-
ized.
[0082] On the other hand, the data synthesizing mod-
ule 23 can also set the mode into a mode in which the
position and the direction of the viewpoint camera 55
follows the viewpoint set in the viewpoint setting module

27 by a proper operation of an input device, regardless
of the position and the direction of the camera 3 (inde-
pendent viewpoint mode). The input device may include,
for example, a keyboard 31, a mouse 32, a touch panel
(not illustrated), a joy stick, etc. In this independent view-
point mode, the user can move the viewpoint freely to
confirm the additional display information at a position
out of the imaging coverage of the camera 3.
[0083] Next, a relation between the image captured by
the camera 3 and the synthesized image is described
referring to one example. Fig. 5 is a view illustrating one
example of the image captured by the camera 3. Fig. 6
is a view illustrating the synthesized image outputted
from the data synthesizing module 23.
[0084] In Fig. 5, one example of the image captured
by the camera 3 of the ship 4 in the situation indicated in
Fig. 3 is illustrated. Another ship 44r floating on the sea
surface is in the captured image. Moreover, a bow part
of the ship 4 is located at the lower center of the image.
[0085] Moreover, in the captured image of the camera
3, as illustrated by a broken line in Fig. 5, distortion in
which central parts of the vertical and horizontal edges
expand outside may occur under the influence of the wide
angle lens (barrel-type lens distortion).
[0086] Since the virtual buoy 45 is virtual as described
above, it will not be caught by the camera 3, as illustrated
in Fig. 5. Since the waypoint 41, the route line 42, and
the stopping area 43 are also created by the setup of the
plotter 11, they will not appear in the image captured by
the camera 3.
[0087] Fig. 6 illustrates a result of correcting the lens
distortion according to the mesh 52 and synthesizing the
two-dimensional image obtained by rendering the three-
dimensional scene data 48 in Fig. 4 with the captured
image illustrated in Fig. 5. However, in Fig. 6, the parts
which appear in the image captured by the camera 3 are
illustrated by broken lines for convenience in order to
facilitate the distinction from other parts (similar process-
ing is also applied to other views indicating the synthe-
sized image). In the synthesized image of Fig. 6, the
graphics 41f, 42f, 43f, 44f, and 45f expressing the addi-
tional display information are placed so as to overlap with
the captured image. The graphic 44f indicative of another
ship is placed so as to substantially overlap with the po-
sition of another ship 44r in the captured image.
[0088] The graphics 41f, 42f,... may be generated as
results of rendering the three-dimensional shapes of the
virtual reality objects 41v, 42v,... which constitute the
three-dimensional scene data 48 illustrated in Fig. 4, from
the viewpoint at the same position and the direction as
those of the camera 3. Therefore, even when the graphics
41f, 42f,... are superimposed with the realistic image cap-
tured by the camera 3, a visual disagreement may not
substantially occur.
[0089] As illustrated in Fig. 6, the graphics 41f, 42f,...
which express the additional display information in virtual
reality may be placed on the synthesized image as if they
are placed on the sea surface of the captured image.
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This may be realized by placing the virtual reality objects
41v, 42v,... illustrated in Fig. 4 so as to touch the xz plane
located below the camera 3 by a distance calculated
based on the height set by the imaging position setting
module 25 (see Fig. 1), and correctly placing the position
of the projection screen 51 in consideration of the position
and the direction of the camera 3.
[0090] Next, a change in the synthesized image ac-
companying the shake of the ship 4 is described. Fig. 7
is a conceptual diagram illustrating a case where the ship
4 shakes in the pitch direction and the roll direction from
the state of Fig. 4. Fig. 8 is a view illustrating the synthe-
sized image in the case of Fig. 7.
[0091] As described above, since the camera 3 is at-
tached to the ship 4, its position and direction may change
in connection with the posture of the ship 4 inclining by
a wave etc., or the ship 4 running over a wave. In this
embodiment, when a shake (pitching, rolling and heav-
ing) occurs on the ship 4, the data synthesizing module
23 may change the position and the direction of the cam-
era 3 in the three-dimensional virtual space 40 so as to
simulate a change in the posture of the ship 4 acquired
by the posture acquiring module 16, and a change in the
position of the ship 4 in the vertical direction acquired by
the position acquiring module 15, and change the posi-
tion of the projection screen 51 accordingly.
[0092] In Fig. 7, a situation when the posture of the
ship 4 changes in the pitch direction and the roll direction
from the state of Fig. 4 is illustrated. In the example of
Fig. 7, the ship 4 inclines the bow downward and the port
downward, and the position and the direction of the cam-
era 3 change so as to reflect the inclination. The projec-
tion screen 51 interlockedly moves to directly oppose to
the camera 3 of which the position and the direction
changed.
[0093] In the example of Fig. 7, by the viewpoint track-
ing mode, the position and the direction of the viewpoint
camera 55 also change so as to follow the camera 3 of
which the position and the direction changed as de-
scribed above. One example of the synthesized image
corresponding to Fig. 7 is illustrated in Fig. 8, and as
illustrated in this figure, even if the position and the di-
rection of the camera 3 change in connection with the
shake of the ship 4, since the position and the direction
of the projection screen 51 interlockedly change, and the
position and the direction of the viewpoint camera 55
which renders the three-dimensional scene change, a
comfortable synthesized image can be continuously ob-
tained.
[0094] In the viewpoint tracking mode, each time the
pitch angle or the roll angle changes more than a given
value with the shakes of the ship 4, the rendering of the
three-dimensional scene data 48 may be updated by the
data synthesizing module 23, and, therefore, the graph-
ics 41f, 42f,... based on the latest viewpoint may be gen-
erated. Accordingly, the display of the graphics 41f, 42f,...
can be changed appropriately to maintain a state where
they are placed on the sea surface, while the direction in

which the sea surface appears change in the captured
image of the camera 3 with the shakes of the ship 4.
[0095] Therefore, the extended-reality image in which
the imaginary objects can be seen as if they are floating
on the sea surface, and which is natural and high in the
actual feeling can be obtained. Moreover, by the user
looking at the sea surface projected on the display unit
2, since the graphics 41f, 42f,... indicating the virtual re-
ality come into the user’s field of view comprehensively,
he/she can acquire every piece of necessary information.
[0096] Next, processing for efficiently performing by
the data synthesizing module 23 described above the
correction of the lens distortion of the captured image,
and the synthesizing of the graphics 41f, 42f,... rendering
the virtual reality objects 41v, 42v,..., with the captured
image is described concretely. Fig. 9 is a view illustrating
a planar mesh 52p for correcting the lens distortion of
the captured image. Fig. 10 is a flowchart illustrating
processing executed by the data synthesizing module 23
for performing the correction of the lens distortion of the
captured image, and the perspective projection of the
captured image and the three-dimensional scene. Fig.
11 is a conceptual diagram illustrating processing for per-
forming a coordinate conversion so that vertexes of the
virtual reality objects 41v, 42v,... and the mesh 52 placed
in three-dimensional space are projected on the virtual
screen.
[0097] In the example of Fig. 5, the barrel-type lens
distortion occurs in the image captured by the camera 3,
as described above. On the other hand, since the graph-
ics 41f, 42f,... which are synthesized with the captured
image is generated by rendering the three-dimensional
virtual reality objects 41v, 42v,... based on a geometric
calculation, the distortion etc. may not theoretically be
produced. Therefore, if both the graphics and objects are
simply synthesized, the synthesized image may become
unnatural and the user may feel uncomfortable with the
image.
[0098] Generally the lens distortion of the captured im-
age can be corrected by being deformed so that it is ex-
panded or contracted along the mesh 52p in the two-
dimensional plane as illustrated in Fig. 9 (mesh deforma-
tion). This mesh 52p can be created by distorting the
rectangular matrix mesh in the opposite direction of the
lens distortion caused in the captured image. If the barrel-
type lens distortion occurs in the captured image as il-
lustrated in Fig. 5, the mesh 52p which corrects the dis-
tortion may become a spool type as illustrated in Fig. 9.
[0099] Therefore, theoretically, the synthesized image
of Fig. 6 can be obtained by two-dimensionally correcting
beforehand the lens distortion of the captured image by
using the mesh 52p, and placing the corrected captured
image in the three-dimensional virtual space 40 of Fig.
4, and carrying out the perspective projection of the
placed image to the virtual screen according to the view-
point camera 55.
[0100] However, the captured image of the camera 3
may be configured as raster data in which pixels are ar-
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ranged in a two-dimensional matrix. Therefore, if the im-
age is deformed for correcting the lens distortion (by us-
ing the mesh 52p of Fig. 9) and the image is further de-
formed for the perspective projection, the quality of the
captured image may be greatly deteriorated due to the
repetition of the deformation, and it may also require a
great deal of processing time.
[0101] In order to solve this problem, the data synthe-
sizing module 23 of this embodiment may generate the
synthesized image by the following processing. Below,
the processing is described in detail with reference to the
flowchart of Fig. 10.
[0102] At Step S101 of Fig. 10, the data synthesizing
module 23 may place the projection screen 51 having
the shape which curves along a spherical shell in the
three-dimensional virtual space 40 where the virtual re-
ality objects 41v, 42v,... are placed (in other words, the
three-dimensional scene data 48 is established) by the
three-dimensional scene generating module 22 as illus-
trated in Fig. 4, based on the simulation result of the po-
sition and the direction of the camera 3. At this time, the
data synthesizing module 23 may generate the mesh 52
for correcting the lens distortion of the captured image
so as to conform to the projection screen 51. This mesh
52 may be expressed as a three-dimensional shape (a
mass of polygons) similar to the virtual reality objects
41v, 42v,...
[0103] The meshes 52 of Fig. 4 which the data synthe-
sizing module 23 generates in this step S101 may differ
from the planar mesh 52p of Fig. 9, and may be curving
in the shape of a spherical shell corresponding to the
form of the projection screen 51. That is, this mesh 52
may correspond to the planar mesh 52p of Fig. 9 being
curved along the spherical shell. The intensity of the dis-
tortion of the three-dimensional spool type mesh 52 can
be suitably set by the distortion correction setting module
29 described above. Moreover, in the stage of Step S101,
the mesh 52 may only function as a placeholder of the
captured image, and therefore, the raster data of the cap-
tured image may not actually be pasted in this stage.
[0104] Next, at Step S102 of Fig. 10, the data synthe-
sizing module 23 may perform the projection conversion
by the perspective projection in which the coordinates of
the vertexes of the virtual reality objects 41v, 42v,... and
the coordinates of the vertexes of the mesh (face) 52 in
the three-dimensional virtual space 40 into the coordi-
nates in the two-dimensional virtual screen, after defining
the viewpoint camera 55 and the visual cone 56 in the
three-dimensional virtual space 40. This coordinate con-
version may be realized using a coordinate conversion
function provided to a vertex shader among a series of
processing programs (a known rendering pipeline) for
the GPU to execute the three-dimensional image
processing. In Fig. 11, one example in which the vertexes
of the three-dimensional scene data 48 (the virtual reality
objects 41v, 42v,...) and the mesh 52 illustrated in Fig. 4
are projected on the two-dimensional virtual screen
where the upper left corner is used as the origin, and the

horizontal axis is set as "xs" axis and the vertical axis is
set as "ys" axis, is illustrated.
[0105] Then, at Step S103 of Fig. 10, the data synthe-
sizing module 23 may generate pixel data corresponding
to the virtual reality objects 41v, 42v,... and pixel data
corresponding to the mesh 52 based on the positions of
the vertexes converted into the coordinates on the two-
dimensional virtual screen. This function may be realized
using the function of a rasterizer among the rendering
pipelines.
[0106] At this time, the colors of the pixels rendering
the virtual reality objects 41v, 42v,... may comply with the
information on the color contained in the information pro-
vided to each vertex of the polygon. Therefore, by the
three-dimensional scene generating module 22 de-
scribed above setting the proper color to each vertex of
the polygon for the virtual reality objects 41v, 42v,...
placed in the three-dimensional scene data 48 of Fig. 4,
the color of the graphics 41f, 42f,... displayed can be var-
iously changed. In this embodiment, for the graphic 44f
indicative of another ship 44, processing for changing
the display color is performed according to a distance
from the location where the ship 4 may be placed. In
detail, when another ship 44 is located at a position dis-
tant from the ship 4, the graphic 44f may be displayed in
green, and when it is located at a closer position, the
graphic 44f may be displayed in red. Therefore, the user’s
attention can be appropriately drawn according to the
situation.
[0107] After that, at Step S104, the data synthesizing
module 23 may subdivide the captured image of the cam-
era 3 in the form of the rectangle matrix, and may place
the obtained image pieces on the corresponding pixels
of the mesh 52 in the two-dimensional virtual screen (Fig.
11). In this embodiment, this processing may be realized
by using the function of pixel shader (specifically, a past-
ing function of texture) among the rendering pipelines.
Therefore, the synthesized image illustrated in Fig. 6 can
be obtained.
[0108] As described above, in the stage of the vertexes
of the polygons (a stage before expressing by the pixels),
the deformation for correcting the lens distortion and the
deformation based on the perspective projection may be
performed to the mesh 52, and the captured image of
the camera 3 may then be placed according to the mesh
52. Therefore, the captured image after the lens distortion
is corrected and the perspective projection is carried out
can be obtained only by a single deformation of the raster
image. As a result, the fall of the image quality at the
portion of the captured image in the synthesized image
can be effectively prevented. Moreover, since the load
of the pixel shader can be significantly reduced, the
processing can easily catch up the pace, even when the
captured image is inputted at a high frame rate (30 frames
per second) like this embodiment. As a result, since the
frame omission can be prevented, the high-quality syn-
thesized image with a smooth motion at the portion of
the captured image can be obtained.
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[0109] As described above, the image generating de-
vice 1 of this embodiment include the captured image
inputting module 21, the position acquiring module 15,
the posture acquiring module 16, the additional display
information acquiring module 17, and the synthesized
image generating module 20. The captured image input-
ting module 21 accepts the input of the captured image
captured by the camera 3 installed in the ship 4. The
position acquiring module 15 acquire the positional infor-
mation indicative of the position of the ship 4. The posture
acquiring module 16 acquire the posture information in-
dicative of the posture of the ship 4. The additional display
information acquiring module 17 acquire the additional
display information including the information indicative
of the positions of one or more locations. The synthesized
image generating module 20 place, based on the posi-
tional information and the posture information, the view-
point camera 55 in the three-dimensional virtual space
40, at least one of the additional display information in
the three-dimensional virtual space 40 as the three-di-
mensional virtual reality objects 41v, 42v,... and the vir-
tual projection screen 51, to create the mesh 52 which
subdivides the projection screen 51 and is distorted to
the opposite direction from the lens distortion caused in
the captured image of the camera 3. The synthesized
image generating module 20 convert the vertexes of the
virtual reality objects 41v, 42v,..., and the vertexes of the
mesh 52 into the positions in the two-dimensional virtual
screen which is the perspective-projection plane by the
vertex shader based on the position and the direction of
the viewpoint camera 55. Moreover, the synthesized im-
age generating module 20 be placed the image pieces
which are obtained by subdividing the captured image of
the camera 3 on the corresponding mesh by the pixel
shader based on the positions of the vertexes in the vir-
tual screen. By the above processing, the synthesized
image generating module 20 generate the synthesized
image in which the graphics 41f, 42f,... rendering the vir-
tual reality objects 41v, 42v,... are synthesized with the
captured image.
[0110] Moreover, in this embodiment, the image may
be generated by the following methods. That is, the input
of the captured image captured by the camera 3 installed
in the ship 4 may be accepted, the positional information
indicative of the position of the ship 4 may be acquired,
the posture information indicative of the posture of the
ship 4 may be acquired, and the additional display infor-
mation including the information indicative of the posi-
tions of one or more locations is acquired. Based on the
positional information and the posture information, the
viewpoint camera 55 may be placed in the three-dimen-
sional virtual space 40, at least one of the additional dis-
play information is placed in the three-dimensional virtual
space 40 as the three-dimensional virtual reality objects
41v, 42v,... and the virtual projection screen 51 may be
placed. The mesh 52 which subdivides the projection
screen 51 and is distorted to the opposite direction from
the lens distortion caused in the captured image of the

camera 3 may be created. Based on the position and the
direction of the viewpoint camera 55, the vertexes of the
virtual reality objects 41v, 42v,... and the vertexes of the
mesh 52 may be converted into the positions in the two-
dimensional virtual screen which is the perspective-pro-
jection plane by the vertex shader. Based on the positions
of the vertexes in the virtual screen, the image pieces
obtained by subdividing the captured image of the cam-
era 3 may be placed on the corresponding mesh 52 by
the pixel shader to generate the synthesized image in
which the graphics 41f, 42f,... rendering the virtual reality
objects 41v, 42v,... are synthesized with the captured
image.
[0111] Therefore, the synthesized virtual reality image
as illustrated in Figs. 6 and 8 can be obtained by super-
imposing the graphics 41f, 42f,... which express the po-
sitions etc. of the additional display information by the
three-dimensional computer graphics on the captured
image of the camera 3 based on the position and the
posture of the ship 4. Moreover, since the captured image
is synthesized with the three-dimensional computer
graphics in the state where the lens distortion caused in
the captured image as illustrated in Fig. 5 is corrected,
the uncomfortableness when synthesized can be re-
duced. Further, the mesh 52 for correcting the lens dis-
tortion may be placed in the three-dimensional virtual
space 40, the vertexes of the mesh 52 may be converted
into the positions in the virtual screen, and the image
pieces obtained by subdividing the captured image of the
camera 3 may be placed on the corresponding mesh 52,
to appropriately correct the lens distortion. Moreover,
since the perspective projection in consideration of the
correction of the lens distortion is performed by the vertex
shader in the stage of the vertex coordinate data, and
the raster data of the captured image is then placed by
the pixel shader, the deformation of the raster data may
only be performed once. Therefore, the degradation of
the image quality can be prevented, and the speed of the
processing can be largely increased, as compared with
the case where the processing to deform the raster data
of the captured image is performed individually for the
correction of the lens distortion and the perspective pro-
jection.
[0112] Moreover, the image generating device 1 of this
embodiment can operate in the viewpoint tracking mode,
i.e., in the mode in which the position and the direction
of the viewpoint camera 55 change automatically so as
to be always in agreement with the position and the di-
rection of the camera 3. In this viewpoint tracking mode,
the synthesized image generating module 20 may move
the positions and the directions of the projection screen
51 and the viewpoint camera 55 in the three-dimensional
virtual space 40 so as to correspond to the changes in
the simulated position and direction of the camera 3,
when the posture information acquired by the posture
acquiring module 16 is changed.
[0113] Therefore, when the ship 4 shakes by a wave
etc. and the position etc. of the camera 3 is changed, the
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display of the three-dimensional computer graphics (the
graphics 41f, 42f,...) can be updated by the simple
processing so as to be consistent with the change in the
captured image by moving the viewpoint camera 55 and
the projection screen 51 accordingly. Moreover, because
the viewpoint camera 55 and the projection screen 51
move in the mutually interlocked manner, processing, for
example, to cause the captured image to always appear
in the synthesized image can also be performed easily.
[0114] Moreover, the image generating device 1 of this
embodiment may be configured to be changeable of at
least one of the direction and the amount of distortion of
the mesh 52 to be created.
[0115] Therefore, since the direction and the intensity
of the correction of the lens distortion can be adjusted,
this can be applied to a wide range of cameras 3 (e.g.,
cameras with different angles of view of the lens).
[0116] Moreover, in the image generating device 1 of
this embodiment, the mesh 52 may be arranged in the
curved shape in the three-dimensional virtual space 40,
as illustrated in Fig. 4.
[0117] Therefore, in the synthesized image, the cap-
tured image may appear in the natural way.
[0118] Moreover, in the image generating device 1 of
this embodiment, the additional display information may
be at least any of another ship, the landmark, the sched-
uled route, the route trace, the waypoint, the stopping
location, the destination, the ocean space where a school
of fish is detected, the foul water, the traveling prohibited
area, the buoy, and the virtual buoy.
[0119] Therefore, the useful information for the user
including the spatial relationship can be displayed in the
form which is easy to grasp intuitively.
[0120] Moreover, the image generating device 1 of this
embodiment may change the color of the graphics 41f,
42f,... displayed corresponding to the additional display
information depending on the distance between the lo-
cation indicated by the additional display information and
the ship 4.
[0121] Therefore, for example, when another ship 44
exists nearby, the user can understand this situation ap-
propriately by displaying the graphic 44f which expresses
the additional display information indicative of another
ship 44 in the color which is more emphasized than oth-
ers.
[0122] Moreover, although the image generating de-
vice 1 of this embodiment outputs the synthesized image
to the display 2 installed in the ship 4, it may be configured
to output the synthesized image to a portable computer,
a head mounted display, etc.
[0123] Therefore, the synthesized image can be effec-
tively utilized.
[0124] Although the suitable embodiment of the
present disclosure is described above, the above config-
uration may, for example, be changed as follows.
[0125] Depending on the camera 3, it may cause a
spool type lens distortion, instead of the barrel-type lens
distortion as illustrated in Fig. 5. In this case, by using

the mesh 52 distorted in the barrel shape, the lens dis-
tortion can be appropriately corrected.
[0126] The setting function of the distortion of the mesh
52 by the distortion correction setting module 29 can be
intuitively performed by setting the direction and the in-
tensity of the distortion by using a dialog, or may be, for
example, by displaying the pattern of the mesh 52 on the
display 2 and dragging the pattern by using the mouse 32.
[0127] In the camera 3, the pan/tilt function described
above may be omitted, and the imaging direction may be
fixed, for example, to forward. Moreover, the camera 3
may be installed so as to image a direction other than
the forward (e.g., rearward).
[0128] When the user changes the direction of the
viewpoint camera 55, the pan/tilt operation of the camera
3 may be automatically performed so as to follow the
change in the direction.
[0129] As the camera 3, a camera having a plurality of
lenses directed in different directions, and image sensors
corresponding to the respective lens, and configured to
perform a live output while connecting the image pick-up
results of the plurality of image sensors, may be used.
In this case, the lens distortion can be corrected by ar-
ranging what connected the mesh corresponding to the
plurality of lenses on the three-dimensional virtual space
40.
[0130] As the camera 3, a camera configured to be
capable of simultaneously imaging the perimeter of the
ship 4 in all directions of 360 degrees may be used.
[0131] For example, the change in the color of the
graphic 44f indicative of another ship 44 which is dis-
played in the synthesized image may be realized by
changing the color of texture image pasted to the virtual
reality object 44v, instead of changing the color set for
the vertex of the polygon of the virtual reality object 44v.
[0132] Upon generating the three-dimensional scene
data 48 by the three-dimensional scene generating mod-
ule 22, the virtual reality objects 41v, 42v,... may be
placed on the basis of the bow direction using the position
of the ship 4 as the origin in the above embodiment, as
illustrated in Fig. 4. However, the virtual reality objects
41v, 42v,... may be placed on the basis of north in which
the +z direction always points north, without the bow di-
rection. In this case, when the bow direction of the ship
4 changes due to a turn etc., the direction of the ship 4
in the three-dimensional virtual space 40 may be
changed to the yaw direction, instead of rearranging the
virtual reality objects 41v, 42v,... Then, the changes in
the position and the direction of the camera 3 at this time
may be simulated in the three-dimensional virtual space
40, and a rendering may be performed in the interlocking
manner while changing the position and the direction of
the viewpoint camera 55, thereby obtaining the complete-
ly same rendering result as the case of the bow direction
basis.
[0133] Alternatively, the coordinate system of the
three-dimensional virtual space 40 may be defined so
that a fixed point suitably defined on the earth is used as
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the origin, and, for example, the +z direction serves as
north and the +x direction serves as east, instead of using
the position of the ship 4 as the origin. In this case, in the
three-dimensional virtual space 40 of the coordinate sys-
tem fixed to the earth, the position and the direction of
the ship 4 may change based on the positional informa-
tion and the posture information, and the change in the
position and the direction of the camera 3 accompanying
the change may be simulated in the three-dimensional
virtual space 40.
[0134] In the image generating device 1, a shake of
the synthesized image accompanying the shake of the
ship 4 may be reduced. For example, the three-dimen-
sional scene generating module 22 may reduce the
change in the position and the direction of the viewpoint
camera 55, even when the ship 4 shakes.
[0135] The ship instruments (information source of the
additional display information) connected to the image
generating device 1 are not limited to what is described
in Fig. 1, and other ship instruments may be included.
[0136] The present disclosure is applicable not only to
the ship which travels on the sea, but may also be appli-
cable to arbitrary water-surface movable bodies which
can travel, for example, the sea, a lake, or a river.
[0137] When displaying the graphics etc. superimpos-
edly on the image captured by the imaging device as
described above, the limited display area can be effec-
tively utilized by simultaneously displaying additional in-
formation 91a and 91b, such as the scale images etc.
indicative of the direction, as illustrated in Figs. 12 and
13. At this time, the positions of the additional information
may be automatically changed and moved so that the
graphics are not hidden by the additional information as
much as possible. Moreover, the additional information
91a and 91b may be displayed so as to incline according
to the inclination of the hull. By displaying in such a way,
exact additional information can always be visually ob-
served even when the hull inclines.

DESCRIPTION OF REFERENCE CHARACTERS

[0138]

1 Image Generating Device
15 Position Acquiring Module
16 Posture Acquiring Module
17 Additional Display Information Acquiring

Module
20 Synthesized Image Generating Module
41v, 42v,... Virtual Reality Object
41f, 42f,... Graphic
51 Projection Screen
52 Mesh

Claims

1. An image generating device, comprising:

a captured image inputting module configured
to accept an input of an image captured by an
imaging device installed in a water-surface mov-
able body;
a position acquiring module configured to ac-
quire positional information indicative of a posi-
tion of the water-surface movable body;
a posture acquiring module configured to ac-
quire posture information indicative of a posture
of the water-surface movable body;
an additional display information acquiring mod-
ule configured to acquire additional display in-
formation including information indicative of po-
sitions of one or more locations; and
a synthesized image generating module config-
ured to place a virtual camera in a three-dimen-
sional virtual space based on the positional in-
formation and the posture information, and
place at least one of the additional display infor-
mation in the three-dimensional virtual space as
a three-dimensional virtual reality object, and
place a virtual projection screen,
the synthesized image generating module cre-
ating a mesh subdividing the projection screen,
the mesh being distorted in the opposite direc-
tion of lens distortion caused in the captured im-
age,
the synthesized image generating module con-
verting vertexes of the virtual reality object and
vertexes of the mesh faces by a vertex shader
based on a position and a direction of the virtual
camera into positions in a two-dimensional vir-
tual screen that is a perspective projection
plane, and placing image pieces that are subdi-
visions of the captured image to the correspond-
ing mesh by a pixel shader based on the posi-
tions of the vertexes in the virtual screen, to gen-
erate an synthesized image where a graphic
rendering the virtual reality object is synthesized
with the captured image.

2. The image generating device of claim 1, wherein the
synthesized image generating module moves, when
the posture information is changed, the positions and
directions of the projection screen and the virtual
camera in the three-dimensional virtual space so as
to correspond to changes in the position and the di-
rection of the imaging device.

3. The image generating device of claim 1 or 2, wherein
at least one of a distorting direction and a distorting
amount of the mesh to be created is changeable.

4. The image generating device of any one of claims 1
to 3, wherein the mesh is arranged in a curved shape
in the three-dimensional virtual space.

5. The image generating device of any one of claims 1
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to 4, wherein the additional display information in-
cludes at least any of another water-surface movable
body, a landmark, a scheduled route, a route trace,
a way point, a stopping location, a destination, an
ocean space where a school of fish is detected, a
foul water area, a traveling prohibited area, a buoy,
and a virtual buoy.

6. The image generating device of any one of claims 1
to 5, wherein a color of the graphic displayed corre-
sponding to the additional display information is
changed according to a distance between a location
indicated by the additional display information and
the water-surface movable body.

7. The image generating device of any one of claims 1
to 6, wherein the synthesized image is outputted to
at least any of a display unit, a portable computer,
and a head mounted display installed in the water-
surface movable body.

8. A method of generating an image, comprising the
steps of:

accepting an input of an image captured by an
imaging device installed in a water-surface mov-
able body;
acquiring positional information indicative of a
position of the water-surface movable body;
acquiring posture information indicative of a
posture of the water-surface movable body;
acquiring additional display information includ-
ing information indicative of positions of one or
more locations;
placing a virtual camera in a three-dimensional
virtual space based on the positional information
and the posture information;
placing at least one of the additional display in-
formation in the three-dimensional virtual space
as a three-dimensional virtual reality object, and
placing a virtual projection screen;
creating a mesh subdividing the projection
screen, the mesh being distorted in the opposite
direction of lens distortion caused in the cap-
tured image; and
converting vertexes of the virtual reality object
and vertexes of the mesh faces by a vertex shad-
er based on a position and a direction of the
virtual camera into positions in a two-dimension-
al virtual screen that is a perspective projection
plane, and placing image pieces that are subdi-
visions of the captured image to the correspond-
ing mesh by a pixel shader based on the posi-
tions of the vertexes in the virtual screen, to gen-
erate an synthesized image where a graphic
rendering the virtual reality object is synthesized
with the captured image.

9. The image generating device of any one of claims 1
to 7, wherein the synthesized image generating mod-
ule generates a scale image indicative of an azimuth,
and
wherein a display position of the scale image is de-
termined according to a display position of the graph-
ic in the synthesized image.
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