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(57) ABSTRACT

A surrounding space data providing system for a control
apparatus for a vehicle includes a space generation processor
and a signal generation processor. The space generation
processor generates a surrounding space around the vehicle
with the vehicle assuming a post-control position and a
post-control posture, on the basis of a motion of the vehicle
based on control data to be outputted by the control appa-
ratus. The signal generation processor generates a generated
signal of a space in which an object present in the surround-
ing space is arranged in the surrounding space in corre-
sponding relation to the post-control position and the post-
control posture of the vehicle. The generated signal is as
suppliable to the control apparatus as a detection signal to be
obtained by detection by an autonomous sensor provided in
the vehicle. The signal generation processor outputs the
generated signal to the control apparatus in place of the
detection signal.
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SURROUNDING SPACE DATA PROVIDING
SYSTEM FOR CONTROL APPARATUS FOR
VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from Japanese Pat-
ent Application No. 2020-176797 filed on Oct. 21, 2020, the
entire contents of which are hereby incorporated by refer-
ence.

BACKGROUND

[0002] The technology relates to a surrounding space data
providing system for a control apparatus for a vehicle.
[0003] Vehicles such as automobiles are expected not only
to control their travel in accordance with occupants’ driving
operations but also to be able to provide driving assistance
with the occupants’ driving operations or travel by auto-
mated driving without the occupants’ driving operations.

SUMMARY

[0004] An aspect of the technology provides a surrounding
space data providing system for a control apparatus for a
vehicle. The control apparatus is configured to be supplied
with a detection signal of an autonomous sensor provided in
the vehicle. The control apparatus is configured to provide
autonomous driving assistance, a travel control by auto-
mated driving, or both, on the basis of the detection signal
of the autonomous sensor. The surrounding space data
providing system includes a space generation processor and
a signal generation processor. The space generation proces-
sor is configured to generate a surrounding space around the
vehicle with the vehicle assuming a post-control position
and a post-control posture, on the basis of a motion of the
vehicle based on control data to be outputted by the control
apparatus. The signal generation processor is configured to
generate a generated signal of a space in which an object
present in the surrounding space, a moving object in the
surrounding space, or both are arranged in the surrounding
space in corresponding relation to the post-control position
and the post-control posture of the vehicle. The generated
signal is as suppliable to the control apparatus as the
detection signal to be obtained by detection by the autono-
mous sensor provided in the vehicle. The signal generation
processor is configured to output the generated signal to the
control apparatus in place of the detection signal of the
autonomous sensor provided in the vehicle.

[0005] An aspect of the technology provides a surrounding
space data providing system for a control apparatus for a
vehicle. The control apparatus is configured to be supplied
with a detection signal of an autonomous sensor provided in
the vehicle. The control apparatus is configured to provide
autonomous driving assistance, a travel control by auto-
mated driving, or both, on the basis of the detection signal
of the autonomous sensor. The surrounding space data
providing system includes circuitry. The circuitry is config-
ured to generate a surrounding space around the vehicle with
the vehicle assuming a post-control position and a post-
control posture, on the basis of a motion of the vehicle based
on control data to be outputted by the control apparatus. The
circuitry is configured to generate a generated signal of a
space in which an object present in the surrounding space,
a moving object in the surrounding space, or both are
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arranged in the surrounding space in corresponding relation
to the post-control position and the post-control posture of
the vehicle. The generated signal is as suppliable to the
control apparatus as the detection signal to be obtained by
detection by the autonomous sensor provided in the vehicle.
The circuitry is configured to output the generated signal to
the control apparatus in place of the detection signal of the
autonomous sensor provided in the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is an explanatory diagram of a control
system of an automobile configured to provide autonomous
driving assistance or automated driving.

[0007] FIG. 2 is an explanatory diagram of a surrounding
space data providing system for a control apparatus for the
automobile illustrated in FIG. 1, according to a first embodi-
ment of the disclosure.

[0008] FIG. 3 is an explanatory diagram of an example of
a computer device applicable to the surrounding space data
providing system illustrated in FIG. 2, or each element
thereof.

[0009] FIG. 4 is an explanatory diagram of a simulated
space data providing system that serves as a surrounding
space data providing system according to a second embodi-
ment of the disclosure.

[0010] FIG. 5 is a flowchart of an example of an overall
space data providing control in the simulated space data
providing system illustrated in FIG. 4.

[0011] FIG. 6 is a flowchart of an example of an output
control of a surrounding image signal by a signal generation
processor.

[0012] FIGS. 7A and 7B are explanatory diagrams of
examples of surrounding images before and after distortion
processing based on a characteristic of an optical system
such as lenses, by the signal generation processor.

[0013] FIG. 8 is an explanatory diagram of a real-time
space data providing system that serves as a surrounding
space data providing system according to a third embodi-
ment of the disclosure.

[0014] FIG. 9 is an explanatory diagram of a space data
server apparatus illustrated in FIG. 8.

[0015] FIG. 10 is an explanatory diagram of a simulated
space data providing system that serves as a surrounding
space data providing system according to a fourth embodi-
ment of the disclosure.

[0016] FIG. 11 is an explanatory diagram of a simulated
space data providing system according to a modification
example of the fourth embodiment.

DETAILED DESCRIPTION

[0017] Developments of automobiles configured to pro-
vide driving assistance or automated driving are currently
underway by allowing such an automobile to actually travel
in closed areas for automobile testing, or in areas where
travel by driving assistance or automated driving is excep-
tionally permitted within open regions where ordinary auto-
mobiles are traveling.

[0018] However, areas are limited in which travel by
driving assistance or automated driving is permitted. More-
over, carrying out driving tests sometimes involves impos-
ing restrictions on traffic of other automobiles in open
regions. Even if such driving tests contributes to develop-
ments of automobiles configured to provide driving assis-
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tance or automated driving, this does not ensure that the
driving assistance or the automated driving has optimal
reliability and safety in areas where ordinary automobiles
are traveling without any restrictions. Tests in deliberately
restricted areas may be possibly insufficient in terms of
contents of tests. Furthermore, a single driving test involves
a lot of personnel and time. Such loads may cause an
increase in development costs for vehicles configured to
provide driving assistance or automated driving, resulting in
potential hindrance to early spread of vehicles configured to
provide driving assistance or automated driving.

[0019] A possible plan may be, for example, to carry out
a driving test of a control apparatus for an automobile
configured to provide driving assistance or automated driv-
ing, with the use of a simulation system of a virtual space to
be traveled vertically by vehicles. Representing realistic
travel environment in the virtual space in the simulation
system is expected to enhance reliability and safety regard-
ing driving assistance or automated driving to be provided
by a control apparatus for an automobile.

[0020] For example, Japanese Unexamined Patent Appli-
cation Publication (JP-A) No. 2012-256192 discloses a
simulation system that sets, in a virtual space, travel envi-
ronment in which a plurality of automobiles move. The
simulation system simulates travel of an automobile in the
travel environment.

[0021] Other examples include a simulation system that
sets a scenario of travel of a vehicle in a virtual space, and
allows the vehicle to travel in accordance with the scenario.

[0022] However, these simulation systems of the virtual
space are intended for nothing more than representation of
travel environment in which an automobile moves in the
virtual space, and simulation of travel and behavior of the
automobile in the travel environment. It is therefore difficult
to use these simulation systems as a simulation system for a
control apparatus to be installed in a vehicle configured to
provide driving assistance or automated driving.

[0023] Supplying data regarding the travel environment in
the virtual space does not suffice for a control apparatus for
an automobile to carry out a control for driving assistance or
automated driving.

[0024] A control apparatus for an automobile is supplied
with detection signals of autonomous sensors from various
autonomous sensors provided in a vehicle. The use of the
detection signals of the autonomous sensors in a control
makes it possible for the control apparatus to control travel
of the automobile by autonomous driving assistance or
automated driving.

[0025] As described, what is desired in developments of
control apparatuses for vehicles such as automobiles is to
develop a surrounding space data providing system such as
a simulation system for practical use in control apparatuses
for vehicles.

[0026] Such a desire is not limited to a simulation system
for use in a control apparatus for a vehicle. For example,
there have been a potential desire for such a surrounding
space data providing system, in developments for practical
use of a real-time space data providing system. A real-time
space data providing system provides a vehicle traveling in
the real space by driving assistance or automated driving,
with data regarding a mapping space such as a virtual space,
for use in a travel control of the vehicle.
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[0027] Some example embodiments of the technology will
now be described in detail with reference to the accompa-
nying drawings.

First Embodiment

[0028] FIG. 1 is an explanatory diagram of a control
system of an automobile 1 configured to provide autono-
mous driving assistance or automated driving.

[0029] In one embodiment of the disclosure, the automo-
bile 1 may serve as a “vehicle”. Referring to FIG. 1, the
control system of the automobile 1 may include an imaging
device 2, an object estimation device 3, a three-dimensional
(3-D) map device 4, a travel control device 5, an actuator 6,
a vehicle motion sensor 7, a positional data generation
device 8, and a vehicle communication device 9. The
imaging device 2 may capture surroundings of the automo-
bile 1, or an outside of the automobile 1, to generate a
captured image. The object estimation device 3, the three-
dimensional map device 4, and the travel control device 5
may serve as a control apparatus 10 for the automobile 1.
The control apparatus 10 is configured to control travel of
the automobile 1.

[0030] The actuator 6 may control operation of unillus-
trated devices that realize the travel of the automobile 1,
such as an engine, a motor, a transmission, a braking device,
and a steering device, without limitation. The actuator 6 may
be provided in a plurality, for example, per device.

[0031] The vehicle motion sensor 7 may detect a motion
of the automobile 1 caused by, for example, the travel of the
automobile 1. The vehicle motion sensor 7 may include, for
example, an acceleration rate sensor or a speed sensor. The
acceleration rate sensor may detect, for example, accelera-
tion rates of the automobile 1 in three axial directions, i.e.,
longitudinal, lateral, and vertical directions. The speed sen-
sor may detect, for example, speeds of the automobile 1 in
the three axial directions, i.e., the longitudinal, lateral, and
vertical directions. The vehicle motion sensor 7 may detect
the motion of the automobile 1 caused by the travel of the
automobile 1 and output detected data as posture data to the
travel control device 5.

[0032] The travel control device 5 may control the travel
of the automobile 1, and output a control signal to the
actuator 6. For example, the travel control device 5 may
control the travel of the automobile 1 on the basis of driving
operations of an occupant, or alternatively, the travel control
device 5 may control the travel of the automobile 1 by
automated driving. The travel control device 5 may provide
driving assistance to adjust the travel of the automobile 1 by
manual driving or automated driving with the use of various
kinds of data detected or generated by the own vehicle. The
automobile 1 configured to travel in this way is able to travel
by autonomous driving assistance or automated driving.
[0033] The positional data generation device 8 may
receive radio waves from, for example, GNSS (Global
Navigation Satellite System) satellites, and generate a cur-
rent position and current time of the automobile 1 in which
the positional data generation device 8 is provided. The
positional data generation device 8 may output the current
position and the current time thus generated of the automo-
bile 1 as positional data to the travel control device 5.
[0034] The three-dimensional map device 4 may output,
for example, map data around the current position of the
automobile 1 to the travel control device 5.
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[0035] The imaging device 2 may serve as one of autono-
mous sensors provided in the automobile 1. That is, in one
embodiment of the disclosure, the imaging device 2 may
serve as an “autonomous sensor”. The imaging device 2 may
capture a surrounding space around the automobile 1. The
imaging device 2 may include, for example, a monocular
camera device. The monocular camera device may be pro-
vided in an upper portion of a front windshield, and oriented
forward of the automobile 1, for example. In this case, the
monocular camera device may capture the surrounding
space around the automobile 1 in a forward direction, i.e., a
traveling direction of the automobile 1, generate the cap-
tured image in a two-dimensional plane, and output the
captured image as a captured image signal of a predeter-
mined signal format. In one embodiment of the disclosure,
the captured image signal may serve as a “detection signal”
of'the autonomous sensor. The captured image signal may be
transmitted to the control apparatus 10 through, for example,
a signal cable for images, and inputted to the control
apparatus 10. The captured image signal may be branched in
the control apparatus 10, and inputted to the object estima-
tion device 3 and to the travel control device 5. A plurality
of the imaging devices 2 may be provided in the automobile
1. For example, the plurality of the imaging devices 2 may
be oriented to avoid overlap between their viewing angles,
to capture the surroundings of the automobile 1 in all
directions through 360 degrees. In this case, the control
apparatus 10, the object estimation device 3, and the travel
control device 5 may be supplied with a plurality of the
captured image signals from the plurality of the imaging
devices 2. It is to be noted that the imaging device 2 may
include a compound-eye camera device such as a stereo
camera device, without limitation. The compound-eye cam-
era device may include a plurality of cameras, and output
one of a plurality of images captured by the plurality of the
cameras, or an image obtained by synthesizing all the
plurality of the images captured by the plurality of the
cameras, to the control apparatus 10, the object estimation
device 3, and the travel control device 5.

[0036] The vehicle communication device 9 may commu-
nicate with the outside of the automobile 1. The vehicle
communication device 9 may generate a communication
path with, for example, a base station 81 (see FIG. 8) of a
mobile communication network, a base station 81 (see FIG.
8) of a traffic data distribution network, a moving object such
as a surrounding automobile, a mobile terminal carried by a
pedestrian, etc., or a communication satellite, without limi-
tation. The vehicle communication device 9 may transmit
and receive data to and from an unillustrated server device
through the communication path generated. The vehicle
communication device 9 may output, for example, data
received from the server device to the control apparatus 10.
The vehicle communication device 9 may transmit data
transmitted from the control apparatus 10 to, for example,
the server device. Non-limiting examples of the received
data may include: a path, a course, and a travelable range for
automated driving; current or future positions, traveling
speeds, and traveling directions of nearby surrounding auto-
mobiles; and the captured images of the surrounding space.
Non-limiting examples of the transmitted data may include:
a current or future position, a traveling speed, a traveling
direction, a course, an assumed movement range, and a path
of the automobile 1 as an own vehicle.
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[0037] The object estimation device 3 may include a
processor to which the captured image signal as the detec-
tion signal is inputted from the imaging device 2 and which
carries out processing on the captured image of the sur-
rounding space included in the captured image signal. For
example, the object estimation device 3 may estimate an
estimation frame for an image range of a nearby surrounding
automobile in the captured image. On the basis of the
estimation frame thus estimated, the object estimation
device 3 may generate a position, a direction, and an
interval, i.e., a distance, of a surrounding automobile relative
to the own vehicle in the real space. In this case, the object
estimation device 3 may output data regarding the position,
the direction, and the interval, i.e., the distance, of the
surrounding automobile, as a result of the processing on the
captured image, to the travel control device 5.

[0038] The travel control device 5 may control the autono-
mous travel of the automobile 1 with the use of the data
obtained from these devices. For example, with the use of
the result of the processing on the captured image by the
object estimation device 3, the travel control device 5 may
control the travel of the automobile 1, to keep the automo-
bile 1 from coming close to a surrounding automobile
present around the own vehicle. The travel control device 5
may output control data to the actuator 6. The control data
is provided for a travel control.

[0039] Although not illustrated, elements in the figure may
be coupled to one another through a vehicle network of the
control system provided in the automobile 1. Non-limiting
examples of the vehicle network may include a CAN
(Controller Area Network), a LIN (Local Interconnect Net-
work), a LAN (Local Area Network), FlexRay, a CXPI
(Clock Extension Peripheral Interface). The vehicle network
may include, for example, a plurality of bus cables coupled
to a plurality of devices, and a central gateway (CGW) as a
relay device to which the plurality of the bus cables is
bus-coupled. A plurality of control ECUs may transmit and
receive data by mutually transmitting and receiving mes-
sages through the vehicle network. Thus, elements provided
in the control system of the automobile 1 may control the
automobile 1 in cooperation.

[0040] As described, the automobile 1 configured to pro-
vide autonomous driving assistance or the travel control by
automated driving may include a plurality of the autono-
mous sensors. The autonomous sensors may each capture
the surroundings of the automobile 1 and output the captured
image signal to the control apparatus 10. The autonomous
sensors may include, for example, the imaging devices 2.
The detection signals of the autonomous sensors such as the
imaging devices 2 may be inputted to the control apparatus
10 for the automobile 1. For example, the object estimation
device 3 of the control apparatus 10 may be supplied with
the captured image signal from the imaging device 2, and
perform processing of detecting a surrounding automobile
with the use of the detection signals of the autonomous
sensors.

[0041] Developments of the automobile 1 configured to
provide autonomous driving assistance or the travel control
by automated driving as described are currently underway
by carrying out driving tests of the automobile 1 in closed
areas for testing of the automobile 1, or in areas where travel
by driving assistance or automated driving is exceptionally
permitted within open regions where ordinary automobiles
are traveling.
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[0042] However, areas are limited in which travel by
driving assistance or automated driving is permitted. More-
over, carrying out driving tests sometimes involves impos-
ing restrictions on traffic of other automobiles in open
regions. Even if such driving tests contribute to develop-
ments of the automobile 1 configured to provide driving
assistance or automated driving, this does not ensure that the
driving assistance or the automated driving has optimal
reliability and safety in areas where ordinary automobiles
are traveling without any restrictions. Tests in deliberately
restricted areas may be possibly insufficient in terms of
contents of tests. Furthermore, a single driving test involves
a lot of personnel and time. Such loads may cause an
increase in development costs for the automobile 1 config-
ured to provide driving assistance or automated driving,
resulting in potential hindrance to early spread of the auto-
mobile 1 configured to provide driving assistance or auto-
mated driving.

[0043] A possible plan may be, for example, to carry out
a driving test of the control apparatus 10 for the automobile
1 configured to provide driving assistance or automated
driving, with the use of a simulation system of a virtual
space to be traveled virtually by the automobile 1. Repre-
senting realistic travel environment in the virtual space in
the simulation system is expected to enhance reliability and
safety regarding driving assistance or automated driving to
be provided by the control apparatus 10 for the automobile
1

[0044] However, currently available simulation systems of
a virtual space are intended for nothing more than repre-
sentation of travel environment in which the automobile 1
moves in the virtual space, and simulation of travel and
behavior of the automobile 1 in the travel environment.
These simulation systems do not suffice for a simulation
system for the control apparatus 10 to be installed in the
automobile 1 configured to provide driving assistance or the
travel control by automated driving.

[0045] The control apparatus 10 for the automobile 1 may
include, for example, the object estimation device 3 as
mentioned above. Supplying data regarding the travel envi-
ronment in the virtual space does not suffice for the control
apparatus 10 to carry out a control for driving assistance or
automated driving.

[0046] The control apparatus 10 for the automobile 1 is
supplied with the detection signals of the autonomous sen-
sors from the various autonomous sensors provided in the
automobile 1. The use of the detection signals of the
autonomous sensors in a control makes it possible for the
control apparatus 10 to control the travel of the automobile
1 by autonomous driving assistance or automated driving.

[0047] As described, what is desired in developments of
the control apparatus 10 for the automobile 1 is to develop
a simulation system for practical use in the control apparatus
10 for the automobile 1.

[0048] In this embodiment, a basic example is described
of a surrounding space data providing system 20 for the
automobile 1 configured to provide autonomous driving
assistance or the travel control by automated driving as
mentioned above.

[0049] FIG. 2 is an explanatory diagram of the surround-
ing space data providing system 20 for the control apparatus
10 for the automobile 1 illustrated in FIG. 1, according to a
first embodiment of the disclosure.
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[0050] FIG. 2 also illustrates the control apparatus 10 for
the automobile 1. The control apparatus 10 may be coupled
to the surrounding space data providing system 20.

[0051] The surrounding space data providing system 20 in
FIG. 2 may provide space data to the control apparatus 10
for the automobile 1 configured to provide autonomous
driving assistance or the travel control by automated driving.
The space data is produced by simulation of a virtual space
to be traveled virtually by the automobile 1. Here, the space
data may include a surrounding image.

[0052] The surrounding space data providing system 20 in
FIG. 2 may include, without limitation, an estimation pro-
cessor 21, a space generation processor 22, and a signal
generation processor 23.

[0053] The estimation processor 21 may be supplied with
the control data. The control data is outputted by the travel
control device 5 of the control apparatus 10 to control the
travel of the automobile 1. The control apparatus 10 includ-
ing the travel control device 5 and the object estimation
device 3, without limitation, may perform processing on
each control cycle and update the control data.

[0054] On the basis of the control data inputted from the
travel control device 5, the estimation processor 21 may
estimate a motion of the automobile 1 that changes by the
control, or a post-control position and a post-control posture
of the automobile 1. The estimation processor 21 may
estimate the motion that occurs in the automobile 1 as a
result of operation of the actuator 6 based on the control
data, the post-control position and the post-control posture
of the automobile 1 as a result of the motion.

[0055] For example, the estimation processor 21 may add
or subtract an amount of change caused by the control data
this time, to or from an inertial movement and motion from
a previous post-control position and a previous post-control
posture of the automobile 1, to estimate the post-control
position and the post-control posture of the automobile 1.
Moreover, the estimation processor 21 may estimate the
post-control position and the post-control posture of the
automobile 1 in consideration of, for example, a frictional
state between tires of the automobile 1 and a road surface.
[0056] The estimation processor 21 may return the post-
control motion, the post-control position, and the post-
control posture thus estimated of the automobile 1, to the
travel control device 5 of the control apparatus 10. This
makes it possible for the travel control device 5 to obtain
data regarding the post-control motion, the post-control
position, and the post-control posture of the automobile 1,
even if the travel control device 5 is not coupled to the
vehicle motion sensor 7 and the positional data generation
device 8 provided in the automobile 1. It is possible for the
travel control device 5 to obtain the data regarding the
post-control motion, the post-control position, and the post-
control posture of the automobile 1 as a response to the
control, as with the case where the travel control device 5 is
coupled to the vehicle motion sensor 7 and the positional
data generation device 8 provided in the automobile 1, and
to make a control on each control cycle.

[0057] The space generation processor 22 may acquire the
data regarding the post-control motion, the post-control
position, and the post-control posture of the automobile 1
estimated by the estimation processor 21.

[0058] On the basis of the post-control motion, the post-
control position, and the post-control posture of the auto-
mobile 1 estimated by the estimation processor 21, the space
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generation processor 22 may generate the surrounding space
around the automobile 1 with the automobile 1 assuming the
post-control position and the post-control posture.

[0059] The space generation processor 22 may generate
the surrounding space around the automobile 1 with the
automobile 1 assuming the post-control position and the
post-control posture, in further consideration of a scenario of
the travel of the automobile 1 in, for example, a virtual
space.

[0060] Here, the surrounding space around the automobile
1 may be based on a virtual space, or alternatively, the
surrounding space around the automobile 1 may be based on
the real space to be traveled actually by the automobile 1.
Non-limiting examples of the real space may include the real
space itself, or a mapping space onto which the real space is
mapped in advance with high accuracy. In another alterna-
tive, the surrounding space around the automobile 1 may be
based on a mixed space of the real space and a virtual space.
[0061] Moreover, the surrounding space around the auto-
mobile 1 may be a two-dimensional space or a three-
dimensional space. The two-dimensional space may two-
dimensionally include solely a road surface on which the
automobile 1 travels. The three-dimensional space may
include travel environment of the automobile 1 including
three-dimensional objects such as buildings. In the three-
dimensional surrounding space, the road surface on which
the automobile 1 travels may be included three-dimension-
ally so that the road surface has unevenness.

[0062] The signal generation processor 23 may acquire
data regarding the post-control surrounding space around the
automobile 1 generated by the space generation processor
22.

[0063] The signal generation processor 23 may further
acquire the data regarding the post-control motion, the
post-control position, and the post-control posture of the
automobile 1 estimated by the estimation processor 21.
[0064] The signal generation processor 23 may generate a
two-dimensional surrounding image, as the surrounding
space around the automobile 1 is viewed with a viewpoint
position set at the imaging device 2 provided in the post-
control automobile 1. The surrounding image may conform
to an imaging range, or an angle of view, of the imaging
device 2 provided in the automobile 1.

[0065] Moreover, prior to the generation of the surround-
ing image, the signal generation processor 23 may arrange
moving objects in the surrounding space around the auto-
mobile 1 acquired. Non-limiting examples of the moving
objects may include surrounding automobiles moving
around the automobile 1. The moving objects such as
surrounding automobiles may move in the surrounding
space around the automobile 1, on the basis of their respec-
tive scenarios. In this case, the signal generation processor
23 may be able to generate the surrounding image including,
for example, surrounding automobiles moving.

[0066] Furthermore, as in embodiments to be described
later, the signal generation processor 23 may perform dis-
tortion processing on the surrounding image.

[0067] The signal generation processor 23 may output a
surrounding image signal including the surrounding image
generated, to the object estimation device 3 of the control
apparatus 10. In one embodiment of the disclosure, the
surrounding image signal may serve as a “generated signal”.
The surrounding image signal may be the same as the
captured image signal the imaging device 2 provided in the
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automobile 1 outputs to the object estimation device 3 of the
control apparatus 10. The surrounding image signal may
have the same signal format as that of the captured image
signal, and the same form of waveform components other
than a waveform component based on the image included in
the signal. The object estimation device 3 may be able to
process the surrounding image included in the surrounding
image signal in a similar manner to the captured image
included in the captured image signal.

[0068] In this way, coupling the surrounding space data
providing system 20 of this embodiment to the control
apparatus 10 for the automobile 1 allows the control appa-
ratus 10 for the automobile 1 to be supplied with the signals
and the data similar to those in a case where the surrounding
space data providing system 20 is provided in the automo-
bile 1. With the use of the signals and the data to be supplied
from the surrounding space data providing system 20, the
control apparatus 10 for the automobile 1 is able to provide
autonomous driving assistance or the travel control by
automated driving in a similar manner to the case where the
surrounding space data providing system 20 is provided in
the automobile 1.

[0069] FIG. 3 is an explanatory diagram of an example of
a computer device 30. The computer device 30 may serve as
the surrounding space data providing system 20 in FIG. 2, or
each element thereof.

[0070] The computer device 30 in FIG. 3 may include,
without limitation, input and output ports 31, a memory 32,
a CPU 33, a timer 34, and an internal bus 35. To the internal
bus 35, the input and output ports 31, the memory 32, the
CPU 33, and the timer 34 are coupled.

[0071] The input and output ports 31 may serve as a
physical input and a physical output of the computer device
30.

[0072] For example, the input and output ports 31 may
include an input terminal dedicated to an image signal. The
input terminal is provided for outputting the surrounding
image signal to the control apparatus 10 for the automobile
1. The input terminal dedicated to the image signal may
include, without limitation, a video terminal.

[0073] The timer 34 may measure time and time periods.
[0074] The memory 32 may hold programs to be executed
by the CPU 33, and data. Non-limiting examples of the data
may include setting data and running data. The memory 32
may include, without limitation, a ROM, a RAM, a record-
ing disk, and a semiconductor memory. The memory 32 may
be volatile or nonvolatile, but at least the programs to be
executed by the CPU 33 and the setting data may be held by
the nonvolatile memory 32.

[0075] The CPU 33 may include, without limitation, a
general-purpose CPU 33 used in a data processor, an ECU
used in the automobile 1, or a GPU and an ASIC. The GPU
and the ASIC have high performance in special processing
such as image processing. The CPU 33 may read and
execute the programs held in the memory 32. Thus, the CPU
33 may perform a portion or all of the processing of each
element of the surrounding space data providing system 20.
[0076] The CPU 33 may acquire, for example, data to be
outputted by the control apparatus 10 for the automobile 1,
e.g., the control data, from the input and output ports 31
through the internal bus 35.

[0077] Forexample, the CPU 33 may output the surround-
ing image signal and the data regarding the motion, the
position, and the posture of the automobile 1, toward the



US 2022/0119013 Al

control apparatus 10 for the automobile 1 from the input and
output ports 31 through the internal bus 35.

[0078] The surrounding space data providing system 20 in
FIG. 2 may include, without limitation, the estimation
processor 21, the space generation processor 22, and the
signal generation processor 23.

[0079] The estimation processor 21, the space generation
processor 22, and the signal generation processor 23 may be
embodied in the single computer device 30 by the CPU 33
of the single computer device 30 executing the programs.
[0080] The estimation processor 21, the space generation
processor 22, and the signal generation processor 23 may be
embodied in a plurality of the computer devices 30 by the
respective CPUs 33 of the plurality of the computer devices
30 executing the programs.

[0081] In a case with a high processing load, for example,
the signal generation processor 23 may be embodied in the
plurality of the computer devices 30, in one-to-one corre-
sponding relation to the plurality of the imaging devices 2
provided in the automobile 1. Some computer devices 30 are
configured to output image signals to one or more monitor-
ing devices. The use of such computer devices 30 in a
plurality makes it possible to allow the plurality of the
computer devices 30 to generate the captured image signals
of all the imaging devices 2 simultaneously in parallel, even
in a case with a large number of the imaging devices 2
provided in the automobile 1, and to supply the captured
image signals to the control apparatus 10 for the automobile
1.

Second Embodiment

[0082] Description is given next of a second embodiment
of the disclosure. The surrounding space data providing
system described in this embodiment is a system that
provides the control apparatus 10 for the automobile 1 with
simulated space data.

[0083] A simulated space data providing system 40 of this
embodiment is suitable for use in, for example, developing
the control apparatus 10 for the automobile 1.

[0084] In this embodiment, similar configurations to the
forgoing embodiment are denoted by the same reference
characters, and the illustration and description thereof are
omitted. In the following description, differences from the
forgoing embodiment are mainly described.

[0085] FIG. 4 is an explanatory diagram of the simulated
space data providing system 40 as the surrounding space
data providing system according to the second embodiment
of the disclosure.

[0086] FIG. 4 also illustrates the control apparatus 10 for
the automobile 1. The control apparatus 10 may be coupled
to the simulated space data providing system 40. The object
estimation device 3 of the control apparatus 10 for the
automobile 1 may be supplied with the captured image
signals of the plurality of the imaging devices 2 provided in
the automobile 1.

[0087] The simulated space data providing system 40 in
FIG. 4 may provide the control apparatus 10 for the auto-
mobile 1 configured to provide autonomous driving assis-
tance or the travel control by automated driving, with space
data by simulation of a virtual space to be traveled virtually
by the automobile 1.

[0088] The simulated space data providing system 40 in
FIG. 4 may include, without limitation, the estimation
processor 21, the space generation processor 22, a plurality
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of'signal generation processors, e.g., a first signal generation
processor 41 to an n-th signal generation processor 43, and
a synchronization control processor 44. Here, n is an integer
of 1 or more.

[0089] The plurality of the signal generation processors 41
to 43 and the synchronization control processor 44 illus-
trated in FIG. 4 may be embodied in the plurality of the
computer devices 30.

[0090] The plurality of the signal generation processors,
e.g., the first signal generation processor 41 to the n-th signal
generation processor 43, may be similar to those described
in the forgoing embodiment. Because the control apparatus
10 for the automobile 1 to which the simulated space data
providing system 40 is coupled is supplied with the captured
image signals of the plurality of the imaging devices 2
provided in the automobile 1, the signal generation proces-
sors 41 to 43 may be provided in a plurality to generate the
same number of the surrounding image signals as the
number of the imaging devices 2. The plurality of the signal
generation processors 41 to 43 may each acquire the data
regarding the post-control surrounding space around the
automobile 1 generated by the space generation processor
22. The plurality of the signal generation processors 41 to 43
may each further acquire the data regarding the post-control
motion, the post-control position, and the post-control pos-
ture of the automobile 1 estimated by the estimation pro-
cessor 21.

[0091] The plurality of the signal generation processors,
e.g., the first signal generation processor 41 to the n-th signal
generation processor 43, may each arrange moving objects
in the surrounding space around the automobile 1 acquired.
Non-limiting examples of the moving objects may include
surrounding automobiles moving around the automobile 1.
The plurality of the signal generation processors, e.g., the
first signal generation processor 41 to the n-th signal gen-
eration processor 43, may generate distributively the sur-
rounding images of the post-control surrounding space
around the automobile 1 with the viewpoint position set at
corresponding ones of the imaging devices 2 providing in
the automobile 1. The plurality of the signal generation
processors, e.g., the first signal generation processor 41 to
the n-th signal generation processor 43, may generate the
surrounding images that conform to the imaging ranges, or
the angles of view, of respective ones of the imaging devices
2.

[0092] The plurality of the signal generation processors,
e.g., the first signal generation processor 41 to the n-th signal
generation processor 43, may each output the surrounding
image signal including the surrounding image generated, to
the object estimation device 3 of the control apparatus 10.
[0093] The object estimation device 3 of the control
apparatus 10 may be supplied with the same number of the
surrounding image signals as the number of the imaging
devices 2 provided in the automobile 1, as with a case where
the simulated space data providing system 40 is provided in
the automobile 1. The object estimation device 3 is config-
ured to process the plurality of the surrounding images
included in the plurality of the surrounding image signals, as
with a case where the plurality of the captured image signals
is supplied from the plurality of the imaging devices 2
provided in the automobile 1.

[0094] The synchronization control processor 44 may gen-
erate a synchronization signal and output the synchroniza-
tion signal to the plurality of the signal generation proces-
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sors 41 to 43. The synchronization control processor 44 may
output the synchronization signal to the space generation
processor 22. The synchronization signal is provided for
causing the plurality of the signal generation processors 41
to 43 to perform processing at regular time intervals on the
basis of the synchronization signal. The cycles of the syn-
chronization signal may be equal to or shorter than the
control cycles of the control apparatus 10 for the automobile
1. Thus, on the basis of the synchronization signal supplied
in common, the plurality of the signal generation processors,
e.g., the first signal generation processor 41 to the n-th signal
generation processor 43, may update the plurality of the
surrounding image signals to be outputted to the control
apparatus 10, to synchronize the plurality of the surrounding
image signals with one another on the control cycles of the
control apparatus 10 or shorter. In a case where the control
apparatus 10 for the automobile 1 makes a new control on
each control cycle, the control apparatus 10 may be supplied
with the new surrounding image signal by a control based on
the synchronization signal.

[0095] It is to be noted that in this embodiment, the
synchronization control processor 44 is described as a
separate element from other elements of the simulated space
data providing system 40.

[0096] In an alternative example, the synchronization con-
trol processor 44 may be provided in the simulated space
data providing system 40 as a sub-element of the space
generation processor 22. In this case, the space generation
processor 22, as the synchronization control processor 44,
may generate the synchronization signal in synchronization
with generating and outputting the surrounding space, to
output the synchronization signal to the plurality of the
signal generation processors, e.g., the first signal generation
processor 41 to the n-th signal generation processor 43.
[0097] FIG. 5 is a flowchart of an example of an overall
space data providing control in the simulated space data
providing system 40 in FIG. 4.

[0098] The CPU 33 of the computer device 30 may
repeatedly carry out the space data providing control for
simulation in FIG. 5. The space data providing control for
the simulation in FIG. 5 may be carried out distributively by
the CPUs 33 of the plurality of the computer devices 30.
[0099] Instep ST1, the CPU 33 may determine whether or
not a control output of the control apparatus 10 has been
updated. The travel control device 5 of the control apparatus
10 may update the control data on each control cycle and
output the control data. In a case where the control data from
the travel control device 5 of the control apparatus 10 has not
been updated (N in step ST1), the CPU 33 may repeat this
process. In a case where the control data has been updated
(Y in step ST1), the CPU 33 may determine that the control
output of the control apparatus 10 has been updated and
cause the flow to proceed to step ST2.

[0100] Note that the CPU 33 may determine whether or
not it is update timing on the basis of an update period
measured by the timer 34.

[0101] In another alternative, the CPU 33 may determine
whether or not estimation data of the estimation processor
21 has been updated instead of the control data of the control
apparatus 10.

[0102] Instep ST2, the CPU 33, as the estimation proces-
sor 21, may estimate, on the basis of the control data to be
supplied from the travel control device 5 of the control
apparatus 10, the motion of the automobile 1 that changes by
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the control, or the post-control position and the post-control
posture of the automobile 1. The estimation processor 21
may estimate the motion that occurs in the automobile 1 as
the result of the operation of the actuator 6 based on the
control data, and/or the post-control position and the post-
control posture of the automobile 1 as the result of the
motion. Thereafter, the CPU 33 may output the data regard-
ing the post-control motion, the post-control position, and
the post-control posture of the automobile 1 estimated, to the
travel control device 5 of the control apparatus 10 through
the input and output ports 31.

[0103] In step ST3, the CPU 33, as the space generation
processor 22, may generate, on the basis of the motion, the
position, and the posture of the automobile 1 estimated, the
surrounding space around the automobile 1 with the auto-
mobile 1 assuming the post-control position and the post-
control posture.

[0104] In step ST4, the CPU 33, as the plurality of the
signal generation processors, e.g., the first signal generation
processor 41 to the n-th signal generation processor 43, or a
portion thereof, may arrange moving objects in the sur-
rounding space around the automobile 1 acquired. Non-
limiting examples of the moving objects may include sur-
rounding automobiles moving around the automobile 1. In
this way, the CPU 33 may generate the surrounding image
of environment in which the mobile objects are moving.

[0105] In step ST5, the CPU 33, as the plurality of the
signal generation processors, e.g., the first signal generation
processor 41 to the n-th signal generation processor 43, or a
portion thereof, may generate the two-dimensional sur-
rounding image, as the surrounding space around the auto-
mobile 1 is viewed with the viewpoint position set at the
imaging device 2 provided in the post-control automobile 1.
The surrounding image may conform to the imaging range,
or the angle of view, of the imaging device 2 provided in the
automobile 1. Thereafter, the CPU 33 or the plurality of the
CPUs 33, as the plurality of the signal generation processors,
e.g., the first signal generation processor 41 to the n-th signal
generation processor 43, or a portion thereof, may output the
surrounding image signal including the surrounding image
generated, to the object estimation device 3 of the control
apparatus 10 through the input and output ports 31.

[0106] In step ST6, the CPU 33 may determine whether or
not to end the space data providing control for the simulation
in FIG. 5. For example, in a case where the automobile 1 has
traveled to an end of the scenario of the movement of the
automobile 1 (Y in step ST6), the CPU 33 may determine
that the space data providing control is to be ended, and end
the control. In a case where the space data providing control
is not to be ended (N in step ST6), the CPU 33 may cause
the flow to return to step ST1. In this case, the CPU 33 may
repeatedly carry out the space data providing control from
step ST1 to step ST6. Every time the CPU 33 determines in
step ST1 that the control output of the control apparatus 10
has been updated (Y in step ST1), the CPU 33 may perform
the processes from step ST2 to step ST5 to generate and
output the updated surrounding image signal. The surround-
ing image signal to be supplied to the control apparatus 10
may be updated on each control cycle of the control appa-
ratus 10. In the control for each control cycle of the control
apparatus 10, the control may be carried out with the use of
the new surrounding image signal that has been updated in
accordance with the previous control.
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[0107] FIG. 6 is a flowchart of an example of an output
control of the surrounding image signal by the signal gen-
eration processors 41 to 43.

[0108] The CPU 33 of the computer device 30, as the
signal generation processors 41 to 43, may make the output
control of the surrounding image signal in FIG. 6 in, for
example, step ST5 in FIG. 5.

[0109] Instep ST11, the CPU 33 may acquire data regard-
ing a characteristic of an optical system such as a lens of the
imaging device 2 with which the CPU 33 is associated. The
data regarding the characteristic of the optical system such
as the lens of the imaging device 2 may be held in, for
example, the memory 32. In a case where the data regarding
the characteristics of the optical systems of the plurality of
the imaging devices 2 is held in the memory 32, the CPU 33
may select and acquire the data regarding the characteristic
of the optical system of one of the imaging devices 2 on the
basis of the setting or the data to be acquired from the control
apparatus 10.

[0110] In step ST12, the CPU 33 may determine whether
or not it is the update timing of the surrounding image signal
to be outputted to the control apparatus 10. For example, the
CPU 33 may determine whether or not it is the update timing
on the basis of the update period measured by the timer 34.
In a case where it is not the update timing of the surrounding
image signal (N in step ST12), the CPU 33 may repeat this
process. In a case where it is the update timing of the
surrounding image signal (Y in step ST12), the CPU 33 may
cause the flow to proceed to step ST13.

[0111] It is to be noted that the CPU 33 may determine
whether or not it is the update timing of the surrounding
image signal, on the basis of whether or not the output of the
control apparatus 10 or the estimation processor 21 has been
updated.

[0112] In step ST13, the CPU 33 may acquire the data
regarding the latest post-control surrounding space around
the automobile 1 generated by the space generation proces-
sor 22.

[0113] In step ST14, the CPU 33 may arrange moving
objects in the surrounding space acquired. Non-limiting
examples of the moving objects may include surrounding
automobiles moving around the automobile 1.

[0114] In step ST15, the CPU 33 may generate the two-
dimensional surrounding image, as the surrounding space
after the arrangement process in step ST14 is viewed with
the viewpoint position set at the imaging device 2 provided
in the post-control automobile 1. The surrounding image
may conform to the imaging range, or the angle of view, of
the imaging device 2 provided in the automobile 1.

[0115] In step ST16, the CPU 33 may perform the distor-
tion processing on the two-dimensional surrounding image
generated in step ST15, with the use of the characteristic of
the optical system acquired in step ST11. The CPU 33 may
perform a process of distorting the surrounding image with
the automobile 1 assuming the post-control position and the
post-control posture, in accordance with the characteristic of
the optical system of the imaging device 2. In this way, the
surrounding image is obtained that includes a similar dis-
tortion component to the image captured by the imaging
device 2.

[0116] The imaging device 2 that captures the surround-
ings of the automobile 1 may include the unillustrated lens
to be used in the optical system of the imaging device 2. The
unillustrated lens is basically a wide-angle lens. The cap-
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tured image by the wide-angle lens has small distortion in its
center portion, and large distortion in its peripheral portion.
It suffices that the data regarding the characteristic of the
optical system causes such distortion in the surrounding
image. It is to be noted that the distortion caused in the
image by the data regarding the characteristic of the optical
system does not have to exactly match the distortion that
occurs in the image in the imaging device 2 with which the
CPU 33 is associated.

[0117] Instep ST17, the CPU 33 may output the surround-
ing image signal including the surrounding image distorted
by the process of step ST16, to the object estimation device
3 of the control apparatus 10. This makes it possible for the
object estimation device 3 to acquire the similarly distorted
image to the captured image included in the captured image
signal, as the surrounding image included in the surrounding
image signal.

[0118] In step ST18, the CPU 33 may determine whether
or not to end the output control of the surrounding image
signal. For example, in the case where the automobile 1 has
traveled to the end of the scenario of the movement of the
automobile 1, the CPU 33 may determine that the output
control is to be ended, and end the control (Y in step ST18).
In a case where the output control is not to be ended (N in
step ST18), the CPU 33 may cause the flow to return to step
ST12. In this case, the CPU 33 may repeatedly carry out the
output control of the surrounding image signal from step
ST12 to step ST18. Every time the CPU 33 determines in
step ST12 that it is the update timing of the surrounding
image signal to be outputted to the control apparatus 10 (Y
in step ST12), the CPU 33 may perform the processes from
step ST13 to step ST17, and update the surrounding image
signal to be outputted to the control apparatus 10.

[0119] FIGS. 7A and 7B are explanatory diagrams of
examples of the surrounding images before and after the
distortion processing based on the characteristic of the
optical system such as the lens, by the signal generation
processors 41 to 43.

[0120] FIG. 7A illustrates a surrounding image 51 before
the distortion processing. The pre-processing surrounding
image 51 in FIG. 7A includes an image component of an
intersection of two roads. One road extends along an imag-
ing direction of the image, and the other road crosses it. The
surrounding image 51 also includes an image component 52
of a surrounding automobile passing leftward through the
intersection, image components 53 of zebra marks of a
pedestrian crossing, and an image component 54 of a track
of a monorail above the intersection.

[0121] The image component of the intersection, the
image component 52 of the surrounding automobile, the
image components 53 of the zebra marks of the pedestrian
crossing, and the image components 54 of the track of the
monorail have substantially no distortion. For example, the
image components 53 of the zebra marks of the pedestrian
crossing are arranged substantially in a straight line.
[0122] FIG. 7B illustrates a surrounding image 55 after the
distortion processing. The post-processing surrounding
image 55 in FIG. 7B includes, as with FIG. 7A, the image
component of the intersection, the image component 52 of
the surrounding automobile, the image components 53 of the
zebra marks of the pedestrian crossing, and the image
component 54 of the track of the monorail.

[0123] The surrounding image 55 after the distortion pro-
cessing has an image distortion by the wide-angle lens. For
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example, the image components on both lateral sides of the
image are compressed vertically as compared with FIG. 7A.
The image components 53 of the zebra marks of the pedes-
trian crossing are significantly curved so that both lateral
sides of the image are located at higher levels than the
middle portion of the image.

[0124] The captured image included in the captured image
signal is usually distorted, as with the surrounding image
after the distortion processing in FIG. 7B. The captured
image signal is outputted to the control apparatus 10 by the
imaging device 2 that captures the surroundings around the
automobile 1. The control apparatus 10 provided in the
automobile 1 in combination with the imaging device 2 may
make the travel control on the basis of the captured image
distorted as in FIG. 7B. In this embodiment, it is possible to
provide the control apparatus 10 with the surrounding image
similarly distorted to the case where the simulated space
data providing system 40 is provided in the automobile 1.
[0125] As described, the simulated space data providing
system 40 of this embodiment may generate the surrounding
space around the automobile 1 with the automobile 1
assuming the post-control position and the post-control
posture, on the basis of the motion, the posture, and the
position of the automobile 1 estimated by the estimation
processor 21 on the basis of the control data to be outputted
by the control apparatus 10.

[0126] Moreover, in this embodiment, the simulated space
data providing system 40 may further arrange objects pres-
ent in the surrounding space or moving objects in the
surrounding space, in the surrounding space in correspond-
ing relation to the post-control position and the post-control
posture of the automobile 1.

[0127] In this embodiment, the simulated space data pro-
viding system 40 may generate the surrounding image signal
regarding the surrounding space after the arrangement. The
surrounding image signal is as suppliable to the control
apparatus 10 as the captured image signal to be obtained by
detection by the imaging device 2 provided in the automo-
bile 1.

[0128] Accordingly, in this embodiment, it is possible to
output the surrounding image signal by the signal generation
processors 41 to 43 to the control apparatus 10 for the
automobile 1, in place of the captured image signal of the
imaging device 2 provided in the automobile 1. This makes
it possible for the control apparatus 10 for the automobile 1
to provide autonomous driving assistance or the travel
control by automated driving, with the use of the surround-
ing image signal to be supplied in place of the captured
image signal of the imaging device 2, in a similar state to the
case where the simulated space data providing system 40 is
provided in the automobile 1.

[0129] In this embodiment, the signal generation proces-
sors 41 to 43 may acquire the data regarding the surrounding
space from the space generation processor 22, generate the
two-dimensional surrounding image from the surrounding
space acquired, and perform the distortion processing on the
surrounding image on the basis of the characteristic of the
optical system of the imaging device 2.

[0130] In another example, the signal generation proces-
sors 41 to 43 or the space generation processor 22 may
display the surrounding space or the surrounding image on,
for example, a monitor. In this case, the signal generation
processors 41 to 43 may capture the surrounding space or the
surrounding image displayed on the monitor by a camera,
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and output a capture of the surrounding space or the sur-
rounding image to the object estimation device 3 of the
control apparatus 10 for the automobile 1. The camera may
be the same as the imaging device 2, or alternatively, the
camera may be different from the imaging device 2.
[0131] In such a modification example, in, for example,
step ST16, the signal generation processors 41 to 43 may
perform image processing of adding the distortion by the
characteristic of the optical system of the imaging device 2,
while performing image processing of suppressing distor-
tion of the space or the image by the monitor and the camera.
Thus, the signal generation processors 41 to 43 may generate
the surrounding image to be outputted to the object estima-
tion device 3. In this case, the memory 32 may hold
characteristic data to be used in each processing, or alter-
natively, the memory 32 may hold data regarding residual
characteristic of the optical system. The data regarding the
residual characteristic of the optical system may be obtained
by removing the distortion of the space or the image by the
monitor and the camera from the distortion by the charac-
teristic of the optical system of the imaging device 2. In the
case with the data regarding the residual characteristic of the
optical system, it is possible to perform both processing as
a single process.

[0132] In this modification example, as with this embodi-
ment, the signal generation processors 41 to 43 may process
the captured image that captures the surrounding space in
the corresponding relation to the post-control position and
the post-control posture of the automobile 1. Thus, the signal
generation processors 41 to 43 may incorporate, into the
captured image, the distortion by the characteristic of the
optical system of the imaging device 2. In this way, the
signal generation processor 41 to 43 may generate the
generated signal suppliable to the object estimation device 3
of the control apparatus 10.

Third Embodiment

[0133] Description is given next of a third embodiment of
the disclosure. The surrounding space data providing system
described in this embodiment is a system that provides the
control apparatus 10 for the automobile 1 that is traveling,
with space data in real-time.

[0134] A real-time space data providing system 60 of this
embodiment is suitably used to provide useful data for the
travel control of the automobile 1 that is actually traveling
in the real space.

[0135] In this embodiment, similar configurations to the
forgoing embodiments are denoted by the same reference
characters, and the illustration and description thereof are
omitted. In the following description, differences from the
forgoing embodiments are mainly described.

[0136] FIG. 8 is an explanatory diagram of the real-time
space data providing system 60 as the surrounding space
data providing system according to the third embodiment of
the disclosure.

[0137] The real-time space data providing system 60 may
include, without limitation, a space data server apparatus 61
and a traffic data server device 62. The space data server
apparatus 61 and the traffic data server device 62 may be
coupled to a communication network 82. The communica-
tion network 82 may be, for example, the Internet or a
dedicated communication network. The space data server
apparatus 61 and the traffic data server device 62 may each
be distributed among a plurality of devices.
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[0138] FIG. 8 also illustrates the automobile 1, the control
apparatus 10 for the automobile 1, and a plurality of sur-
rounding automobiles 91 traveling around the automobile 1.
The automobile 1 is configured to communicate with the
space data server apparatus 61 of the real-time space data
providing system 60.

[0139] The automobile 1 may communicate with the plu-
rality of the surrounding automobiles 91 and the real-time
space data providing system 60. The automobile 1 may
communicate with a plurality of the base stations 81 dis-
posed along a road to establish a radio communication path.
The plurality of the base stations 81 may be coupled to the
communication network 82. The base stations 81 may be
those for a mobile communication network, or alternatively,
the base stations 81 may be those for a communication
network that transmits road traffic data. The space data
server apparatus 61, the traffic data server device 62, or both
that are distributed in the plurality of the devices may be
provided distributively in the plurality of the base stations
81.

[0140] Thus, while communicating with the plurality of
the surrounding automobiles 91 and the real-time space data
providing system 60, the automobile 1 may generate, for
example, their respective current positions and current time,
on the basis of radio waves received from, for example, a
GNSS satellite 92. The automobile 1 may transmit the data
thus generated, to the space data server apparatus 61 through
the radio communication path.

[0141] Moreover, while communicating with the real-time
space data providing system 60, the automobile 1 may
transmit, to the traffic data server device 62, the data
regarding the post-control motion, the post-control position,
and the post-control posture of the automobile 1 detected by
the autonomous sensors such as the imaging devices 2 of the
automobile 1.

[0142] Inthe real-time space data providing system 60, the
traffic data server device 62 may collect, for example,
positional data from the automobile 1 and the plurality of the
surrounding automobiles 91 traveling on the road, through
the plurality of the base stations 81. The traffic data server
device 62 may collect, for example, images of unillustrated
cameras provided on the road. The traffic data server device
62 may use the collected data to generate traffic data
regarding the automobile 1 and the plurality of the surround-
ing automobiles 91 on the road. The traffic data server device
62 may map the automobile 1 and the plurality of the
surrounding automobiles 91 included in the traffic data onto
a road map at their respective positions, and generate
courses or travelable ranges of the automobile 1 and the
plurality of the surrounding automobiles 91 in accordance
with the mapping. The traffic data server device 62 may
transmit the generated data to the automobile 1 and the
plurality of the surrounding automobiles 91 traveling on the
road, through the plurality of the base stations 81. The
automobile 1 and the plurality of the surrounding automo-
biles 91 traveling on the road may obtain the traffic data
regarding their surroundings, and data regarding their pref-
erable courses or travelable ranges from the traffic data
server device 62, for utilization in their travel control.
[0143] The space data server apparatus 61 may include,
without limitation, a server communication device 72 and a
real-time space data providing engine 71. The real-time
space data providing engine 71 may include, without limi-
tation, the space generation processor 22, the plurality of the
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signal generation processors, e.g., the first signal generation
processor 41 to the n-th signal generation processor 43, and
the synchronization control processor 44.

[0144] The server communication device 72 may acquire,
for example, the traffic data regarding the automobile 1 and
the plurality of the surrounding automobiles 91 on the road,
and data obtained by mapping the automobile 1 and the
plurality of the surrounding automobiles 91 onto the road
map, from the traffic data server device 62.

[0145] The plurality of the signal generation processors 41
to 43 and the synchronization control processor 44 illus-
trated in FIG. 8 may be embodied in the plurality of the
computer devices 30.

[0146] FIG. 9 is an explanatory diagram of the space data
server apparatus 61 in FIG. 8.

[0147] FIG. 9 also illustrates the control apparatus 10 for
the automobile 1. The control apparatus 10 for the automo-
bile 1 may transmit and receive data to and from the space
data server apparatus 61.

[0148] The space data server apparatus 61 in FIG. 9 may
provide the control apparatus 10 for the automobile 1
configured to provide autonomous driving assistance or the
travel control by automated driving, with space data regard-
ing the real space in which the automobile 1 is actually
traveling. Here, the space data may include the surrounding
image.

[0149] The space data server apparatus 61 in FIG. 9 may
include, without limitation, an acquisition processor 63, the
space generation processor 22, and the signal generation
processor 23, or the signal generation processors 41 to 43.
[0150] In this embodiment, the control apparatus 10 for
the automobile 1 may be provided in the automobile 1.
[0151] That is, for example, as with FIG. 1, the plurality
of the imaging devices 2 provided in the automobile 1, the
actuator 6, the vehicle motion sensor 7, the positional data
generation device 8, and the vehicle communication device
9 may be coupled to the control apparatus 10 for the
automobile 1. The actuator 6 may actually control the travel
of the automobile 1 on the basis of the control data to be
generated by the travel control device 5. The vehicle motion
sensor 7 may detect the post-control motion of the automo-
bile 1. The positional data generation device 8 may generate
the post-control position of the automobile 1. The vehicle
communication device 9 is configured to transmit and
receive communication data from and to, for example, the
space data server apparatus 61 of the real-time space data
providing system 60. The vehicle communication device 9
may transmit, for example, data regarding an actual motion
of the automobile 1 by the vehicle motion sensor 7 and data
regarding an actual position of the automobile 1 by the
positional data generation system 8, to the space data server
apparatus 61.

[0152] In the space data server apparatus 61 in FIG. 9, the
acquisition processor 63 may include, for example, the
server communication device 72. The server communication
device 72 may communicate with the vehicle communica-
tion device 9 provided in the automobile 1. The server
communication device 72, as the acquisition processor 63,
may acquire, from the automobile 1 actually traveling in the
real space, the data regarding the actual motion that is
occurring in the automobile 1, and the data regarding the
actual position of the automobile 1, as the data regarding the
post-control motion, the post-control position, and the post-
control posture.
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[0153] The space generation processor 22 may acquire the
data regarding the post-control motion, the post-control
position, and the post-control posture of the automobile 1
acquired by the acquisition processor 63.

[0154] The space generation processor 22 may generate
the surrounding space around the automobile 1 with the
automobile 1 assuming the post-control position and the
post-control posture, on the basis of the post-control motion,
the post-control position, and the post-control posture of the
automobile 1 acquired by the acquisition processor 63.
[0155] For example, the server communication device 72
may acquire the traffic data regarding the automobile 1 and
the plurality of the surrounding automobiles 91 on the road
and the data obtained by mapping the automobile 1 and the
plurality of the surrounding automobiles 91 onto the road
mayp, from the traffic data server device 62. In this case, the
space generation processor 22 may generate the surrounding
space around the automobile 1 corresponding to the road
map onto which the automobile 1 and the plurality of the
surrounding automobiles 91 are mapped. Here, the position,
the motion, and the posture of the own vehicle in the
surrounding space may be replaced with the position, the
motion, and the posture of the own vehicle acquired by the
acquisition processor 63, instead of those in the mapping
data from the traffic data server device 62.

[0156] Here, the surrounding space around the automobile
1 may be a mapping space corresponding to the real space
to be traveled actually by the automobile 1, or a mixed space
of the mapping space and the real space.

[0157] Moreover, the surrounding space around the auto-
mobile 1 may be a two-dimensional space or a three-
dimensional space. The two-dimensional space may two-
dimensionally include solely a road surface on which the
automobile 1 travels. The three-dimensional space may
include travel environment of the automobile 1 including
three-dimensional objects such as buildings. In the three-
dimensional surrounding space, the road surface on which
the automobile 1 travels may be included three-dimension-
ally so that the road surface has unevenness.

[0158] The signal generation processor 23 may acquire the
data regarding the post-control surrounding space around the
automobile 1 generated by the space generation processor
22.

[0159] The signal generation processor 23 may further
acquire the data regarding the post-control motion, the
post-control position, and the post-control posture of the
automobile 1 acquired by the acquisition processor 63.
[0160] The signal generation processor 23 may generate
the two-dimensional surrounding image, as the surrounding
space around the automobile 1 is viewed with the viewpoint
position set at the imaging device 2 provided in the post-
control automobile 1. The surrounding image may conform
to the imaging range, or the angle of view, of the imaging
device 2 provided in the automobile 1.

[0161] Moreover, as in the forgoing embodiments, the
signal generation processor 23 may perform the distortion
processing on the surrounding image.

[0162] The signal generation processor 23 may output the
surrounding image signal including the generated surround-
ing image, to the object estimation device 3 of the control
apparatus 10. The surrounding image signal may be the
same as the captured image signal the imaging device 2
provided in the automobile 1 outputs to the object estimation
device 3 of the control apparatus 10. The surrounding image
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signal may have the same signal format as that of the
captured image signal and the same form of the waveform
components other than the waveform component based on
the image included in the signal.

[0163] As described, the object estimation device 3 of the
control apparatus 10 for the automobile 1 is configured to
acquire, in real time, the surrounding image similar to the
captured image detectable in the post-control automobile 1,
from the space data server apparatus 61.

[0164] The object estimation device 3 is configured to
perform the processing appropriately with the use of the
surrounding image in place of the captured image, for
example, in the following cases: where the normal captured
image is not available from the imaging device 2; where the
captured image is not a clear image because of influences of,
for example, weather; or on night-time travel with lights
such as headlights off.

[0165] As described, the real-time space data providing
system 60 of this embodiment may generate the surrounding
space around the automobile 1 with the automobile 1
assuming the post-control position and the post-control
posture, on the basis of the actual motion of the automobile
1 based on the control data to be outputted by the control
apparatus 10 for the automobile 1.

[0166] Moreover, the surrounding space in the corre-
sponding relation to the post-control position and the post-
control posture of the automobile 1 may include other
moving objects such as the surrounding automobiles 91
present around the automobile 1 in the real space.

[0167] In this embodiment, it is possible to generate the
surrounding image of such a surrounding space similar to
the captured image, in place of the captured image to be
obtained by the detection by the imaging device 2 provided
in the automobile 1.

[0168] Hence, in this embodiment, it is possible for the
control apparatus 10 for the automobile 1 configured to
provide autonomous driving assistance or the travel control
by automated driving with the use of the captured image
signal of the imaging device 2 to provide autonomous
driving assistance or the travel control by automated driving
with the use of the surrounding image in place of the
captured image of the imaging device 2. It is possible for the
control apparatus 10 to keep on providing autonomous
driving assistance or the travel control by automated driving
as ever, even in a case with an abnormality of the imaging
device 2 or even in the weather that inhibits the imaging
device 2 from having a sufficient field of view.

Fourth Embodiment

[0169] Description is given next of a surrounding space
data providing system according to a fourth embodiment of
the disclosure. In this embodiment, some configuration
examples are described by giving an example of the simu-
lated space data providing system, out of the simulated space
data providing system and the real-time space data providing
system as mentioned above.

[0170] In this embodiment, similar configurations to the
forgoing embodiments are denoted by the same reference
characters, and the illustration and description thereof are
omitted. In the following description, differences from the
forgoing embodiments are mainly described.
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[0171] FIG. 10 is an explanatory diagram of a simulated
space data providing system 100 as the surrounding space
data providing system according to the fourth embodiment
of the disclosure.

[0172] The simulated space data providing system 100 of
this embodiment may include, without limitation, a vehicle
simulator device 101, a plurality of surrounding space data
providing devices 102, a plurality of signal generation
devices 103, and a signal line 104.

[0173] The vehicle simulator device 101 may include the
computer device 30. The computer device 30 may be
coupled to the travel control device 5 of the control appa-
ratus 10 for the automobile 1 and supplied with the control
data from the travel control device 5. On the basis of the
control data, the CPU 33 of the vehicle simulator device 101
may generate the data regarding the post-control position
and the post-control posture of the automobile 1. The CPU
33 of the vehicle simulator device 101 may hold data
regarding the scenario of the travel in a movement space in
the simulation of the automobile 1. On the basis of the data
regarding the scenario of the travel, the CPU 33 of the
vehicle simulator device 101 may generate the data regard-
ing the post-control position and the post-control posture of
the automobile 1. The CPU 33 of the vehicle simulator
device 101 may output the generated data regarding the
post-control position and the post-control posture of the
automobile 1, to the travel control device 5 and the three-
dimensional map device 4 of the control apparatus 10 for the
automobile 1, and to the plurality of the surrounding space
data providing devices 102.

[0174] Moreover, the CPU 33 of the vehicle simulator
device 101 may output, to the travel control device 5 and the
three-dimensional map device 4 of the control apparatus 10
for the automobile 1, data that allows the travel control
device 5 of the control apparatus 10 for the automobile 1 to
make the travel control in the movement space in accor-
dance with the scenario of the travel. For example, the CPU
33 of the vehicle simulator device 101 may generate a travel
course in accordance with the scenario of the travel on the
basis of the post-control motion, the post-control position,
and the post-control posture of the automobile 1. The CPU
33 of the vehicle simulator device 101 may output the course
to the control apparatus 10 for the automobile 1. The CPU
33 of the vehicle simulator device 101 may generate opera-
tion data in the automobile 1, and output the operation data
to the control apparatus 10. The operation data is provided
for allowing the automobile 1 to travel along the course
generated.

[0175] The plurality of the surrounding space data pro-
viding devices 102 may include the same number of the
computer devices 30 as the number of inputs of the captured
image signals of the plurality of the captured images to the
object estimation device 3 of the control apparatus 10 for the
automobile 1.

[0176] The surrounding space data providing device 102
may include, without limitation, the acquisition processor 63
and the space generation processor 22 as mentioned above.
The acquisition processor 63 may acquire the data regarding
the post-control position and the post-control posture of the
automobile 1 from the vehicle simulator device 101. The
space generation processor 22 may generate the post-control
surrounding space on the basis of the acquired data regard-
ing the post-control position and the post-control posture of
the automobile 1.
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[0177] As with the surrounding space data providing
devices 102, the plurality of the signal generation devices
103 may include the same number of the computer devices
30 as the number of the inputs of the captured image signals
of the plurality of the captured images to the object estima-
tion device 3 of the control apparatus 10 for the automobile
1. In this case, the plurality of the signal generation devices
103 and the plurality of the surrounding space data provid-
ing devices 102 may be in one-to-one corresponding rela-
tion.

[0178] The signal generation device 103 may include the
signal generation processor 23 as mentioned above. The
signal generation processor 23 may acquire the data regard-
ing the post-control surrounding space from a corresponding
one of the surrounding space data providing devices 102,
and generate the surrounding image that captures the sur-
rounding space. Moreover, the signal generation processor
23 may perform the distortion processing on the surrounding
image, as in the embodiments described above.

[0179] Furthermore, prior to the generation of the sur-
rounding image, the signal generation processor 23 may
arrange moving objects in the acquired surrounding space
around the automobile 1. Non-limiting examples of the
moving objects may include surrounding automobiles mov-
ing around the automobile 1. The signal generation proces-
sor 23 may acquire the data regarding the moving objects
such as the surrounding automobiles on the basis of, for
example, the scenario of the vehicle simulator device 101,
and allow the moving objects to move in the surrounding
space around the automobile 1. In this case, the signal
generation processor 23 may generate the surrounding
image including, for example, the surrounding automobiles
that are moving.

[0180] The signal generation processor 23 may output the
surrounding image signal including the generated surround-
ing image to the object estimation device 3 of the control
apparatus 10.

[0181] The signal line 104 may couple together the vehicle
simulator device 101, the travel control device 5 and the
three-dimensional map device 4 of the control apparatus 10
for the automobile 1, and the plurality of the surrounding
space data providing devices 102. It suffices that the signal
line 104 couples together the plurality of the computing
devices 30. The signal line 104 may include, without limi-
tation, a communication cable in conformity to, for example,
IEEE (Institute of Electrical and Electronics Engineers)
802.3.

[0182] In the simulated space data providing system 100
of such a configuration, each processing for simulation may
be carried out distributively by the plurality of the computer
devices 30. The computer devices 30 may include computer
devices having performance corresponding to respective
loads on them.

[0183] The signal line 104 may be basically provided
solely for transmission and reception of the data regarding
the post-control position and the post-control posture of the
automobile 1. This leads to minimization of delays in signal
transmission between the computer devices 30. In particular,
the data to be transmitted and received may include the data
regarding the post-control position and the post-control
posture of the automobile 1, making it possible to use the
common signal for the control apparatus 10 for the auto-
mobile 1. This saves the vehicle simulator device 101 from
generating separately the data for the control apparatus 10
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for the automobile 1 and the data for the simulation, leading
to effective reduction in a processing load.

[0184] In this embodiment, the plurality of the surround-
ing space data providing devices 102 and the plurality of the
signal generation devices 103 of the simulated space data
providing system 100 may each include their respective
computer devices 30 separate from each other.

[0185] In an alternative example, each combination of the
surrounding space data providing device 102 and the signal
generation device 103 of the simulated space data providing
system 100 may include the single computer device 30.

[0186] In another alternative, the surrounding space data
providing devices 102 may include the single computer
device 30, while the signal generation devices 103 may
include the plurality of the computer devices 30.

[0187] In such cases as well, taking synchronization
between the plurality of the signal generation devices 103
including the plurality of the computer devices 30 makes it
possible to produce similar effects to those of this embodi-
ment.

[0188] FIG. 11 is an explanatory view of the simulated
space data providing system 100 according to a modification
example of the fourth embodiment.

[0189] The simulated space data providing system 100 in
FIG. 11 may include, without limitation, the vehicle simu-
lator device 101, the plurality of the surrounding space data
providing devices 102, a plurality of camera devices 111,
and the signal line 104.

[0190] The plurality of the surrounding space data pro-
viding devices 102 may include, without limitation, the
acquisition processor 63, the space generation processor 22,
and the signal generation processor 23 as mentioned above.
The acquisition processor 63 may acquire the data regarding
the post-control position and the post-control posture of the
automobile 1 from the vehicle simulator device 101. On the
basis of the acquired data regarding the post-control position
and the post-control posture of the automobile 1, the space
generation processor 22 may generate the post-control sur-
rounding space. The signal generation processor 23 may
output the surrounding image signal including the surround-
ing image generated.

[0191] Moreover, one of the space generation processors
22 of the plurality of the surrounding space data providing
devices 102, as a master unit, may output the synchroniza-
tion signal to the reminder of the space generation proces-
sors 22 of the surrounding space data providing devices 102.

[0192] As with the surrounding space data providing
devices 102, the plurality of the camera devices 111 may
include the same number of the computer devices 30 as the
number of the inputs of the captured image signals of the
plurality of the captured images to the object estimation
device 3 of the control apparatus 10 for the automobile 1. In
this case, the plurality of the signal generation devices 103
and the plurality of the camera devices 111 may be in
one-to-one corresponding relation.

[0193] The camera device 111 may include, without limi-
tation, a monitor 112, a camera 113, and a signal processing
circuit 114.

[0194] The monitor 112 may be supplied with the captured
image signal of the surrounding space data providing device
102. The monitor 112 may display the surrounding image
included in the surrounding image signal.

Apr. 21, 2022

[0195] The camera 113 may be disposed to be opposed to
a display surface of the monitor 112. The camera 113 may
capture the surrounding image displayed on the monitor 112.
[0196] The signal processing circuit 114 may be coupled
to the camera 113. The signal processing circuit 114 may
process the surrounding image captured by the camera 113,
to generate and output the surrounding image signal.
[0197] Thus, the camera device 111 may actually display
and capture the surrounding image included in the surround-
ing image signal generated by the surrounding space data
providing device 102, to reproduce the surrounding image
signal.

[0198] The object estimation device 3 of the control
apparatus 10 for the automobile 1 of this modification
example may be supplied with the plurality of the surround-
ing image signals reproduced by the plurality of the camera
devices 111, instead of the surrounding image signals gen-
erated by the signal generation processors 23 of the plurality
of the surrounding space data providing devices 102.
[0199] Simulation environment of the object estimation
device 3 of the control apparatus 10 may represent environ-
ment in which the object estimation device 3 of the control
apparatus 10 is actually mounted on the automobile 1.
[0200] The object estimation device 3 of the control
apparatus 10 is configured to carry out simulation testing in
environment that includes processing time of the camera 113
and the signal processing circuit 114.

[0201] The object estimation device 3 of the control
apparatus 10 is configured to carry out the simulation
testing, while providing representation of substantially simi-
lar environment in which the object estimation device 3 of
the control apparatus 10 is mounted on the automobile 1.
[0202] In this modification example, the object estimation
device 3 of the control apparatus 10 may be supplied with
the plurality of the surrounding image signals reproduced by
the plurality of the camera devices 111, instead of the
surrounding image signals generated by the signal genera-
tion processors 23 of the plurality of the surrounding space
data providing devices 102.

[0203] This saves the plurality of the signal generation
processors 23 from performing the distortion processing on
the surrounding images including characteristics of optical
systems of the monitor 112 and the camera 113 of the camera
device 111. The distortion processing is provided for elimi-
nation of image distortion caused by the monitor 112 and the
camera 113 of the camera device 111 from the surrounding
image of the surrounding image signal to be reproduced.
[0204] Inthis case, for example, in step ST16 of the output
control of the surrounding image signal in FIG. 6, the signal
generation processors 41 to 43 may perform the image
processing of adding the distortion caused by the character-
istic of the optical system of the imaging device 2. The
signal generation processors 41 to 43 may further perform
image processing of suppressing the distortion of the space
or the image that occurs when the image is displayed on the
monitor 112 of the camera device 111, and image processing
of suppressing the distortion of the space or the image that
occurs in the optical system of the camera 113. In this case,
the memory 32 may hold data regarding an optical charac-
teristic to be used in each processing.

[0205] Moreover, the memory 32 may hold data regarding
an optical characteristic obtained by subtracting the distor-
tion that occurs when the image is displayed on the monitor
112 of the camera device 111, and the distortion that occurs
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in the optical system of the camera 113, from the distortion
caused by the characteristic of the optical system of the
imaging device 2. In this case, the CPU 33 may perform the
three kinds of the distortion processing as mentioned above
by the single distortion processing using the data regarding
the optical characteristic read out from the memory 32.

[0206] In this modification example, as with this embodi-
ment, the signal generation processors 41 to 43 may process
the captured image that captures the surrounding space in
the corresponding relation to the post-control position and
the post-control posture of the automobile 1. Thus, the signal
generation processors 41 to 43 may incorporate, into the
captured image, the distortion caused by the characteristic of
the optical system of the imaging device 2. This allows the
object estimation device 3 of the control apparatus 10 to be
supplied basically with the surrounding image signal of the
surrounding image including the distortion caused by the
characteristic of the optical system of the imaging device 2.

[0207] It is to be noted that a sum of the distortion that
occurs when the image is displayed on the monitor 112 of
the camera device 111 and the distortion that occurs in the
optical system of the camera 113 becomes equivalent to the
distortion caused by the characteristic of the optical system
of the imaging device 2, resulting in possibility that they are
considered to match. In this case, or in a case where
considering them matching does not cause considerable
inconvenience, supplying the surrounding image signal to
the camera device 111 to allow the camera device 111 to
reproduce the surrounding image signal makes it possible to
incorporate the distortion caused by the characteristic of the
optical system of the imaging device 2 into the surrounding
image of the surrounding image signal to be reproduced. In
one alternative, the process of step ST16 by the signal
generation processors 41 to 43 may be eliminated.

[0208] Although some example embodiments of the tech-
nology have been described in the forgoing by way of
example with reference to the accompanying drawings, the
technology is by no means limited to the example embodi-
ments described above. It should be appreciated that modi-
fications and alterations may be made by persons skilled in
the art without departing from the scope as defined by the
appended claims.

[0209] In the forgoing example embodiments, the control
apparatus 10 for the automobile 1 may be supplied with the
captured image signal of the imaging device 2 provided in
the automobile 1. The control apparatus 10 for the automo-
bile 1 may make a predetermined control with the use of the
surrounding image signal to be supplied in place of the
captured image signal.

[0210] The automobile 1 may include not only the imag-
ing device 2 but also, for example, radar for the surround-
ings, a proximity sensor, and other autonomous sensors of
various kinds. Detection signals of these autonomous sen-
sors may be inputted to the control apparatus 10 for the
automobile 1. The surrounding space data providing system
20, the simulated space data providing system 40, or the
real-time space data providing system 60 may generate a
signal that simulates the detection signals of these autono-
mous sensors, and supply the generated signal to the control
apparatus 10 for the automobile 1.

[0211] In the forgoing embodiments, the space generation
processor may generate the post-control surrounding space.
The signal generation processor may generate the surround-
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ing image of the surrounding space thus generated, and the
surrounding image signal including the surrounding image.
[0212] Inanother example, the space generation processor
may generate the post-control surrounding space and the
surrounding image for the surrounding space. The signal
generation processor may generate the surrounding image
signal including the surrounding image generated.

[0213] The surrounding space data providing system 20,
the simulated space data providing system 40, the real-time
space data providing system 60, the simulated space data
providing system 100, and each element thereof s2, 4, 8, 10
and 11 are each of the surrounding space data providing
systems 20, the simulated space data providing system 40,
the real-time space data providing system 60, and the
simulated space data providing system 100 illustrated in
FIGS. 2, 4, 8, 10, and 11 each of the surrounding space data
providing systems 20, the simulated space data providing
system 40, the real-time space data providing system 60, and
the simulated space data providing system 100s2, 4, 8, 10,
and 11

1. A surrounding space data providing system for a control
apparatus for a vehicle, the control apparatus being config-
ured to be supplied with a detection signal of an autonomous
sensor provided in the vehicle, and provide autonomous
driving assistance, a travel control by automated driving, or
both, on a basis of the detection signal of the autonomous
sensor, the surrounding space data providing system com-
prising:

a space generation processor configured to generate a
surrounding space around the vehicle with the vehicle
assuming a post-control position and a post-control
posture, on a basis of a motion of the vehicle based on
control data to be outputted by the control apparatus;
and

a signal generation processor configured to generate a
generated signal of a space in which an object present
in the surrounding space, a moving object in the
surrounding space, or both are arranged in the sur-
rounding space in corresponding relation to the post-
control position and the post-control posture of the
vehicle, the generated signal being as suppliable to the
control apparatus as the detection signal to be obtained
by detection by the autonomous sensor provided in the
vehicle,

the signal generation processor being configured to output
the generated signal to the control apparatus in place of
the detection signal of the autonomous sensor provided
in the vehicle.

2. The surrounding space data providing system for the
control apparatus for the vehicle according to claim 1,
wherein

the signal generation processor is configured to perform
processing based on a characteristic of the autonomous
sensor, to generate the generated signal suppliable to
the control apparatus, the autonomous sensor being
provided in the vehicle together with the control appa-
ratus.

3. The surrounding space data providing system for the
control apparatus for the vehicle according to claim 2,
wherein

the autonomous sensor provided in the vehicle together
with the control apparatus comprises an imaging
device, the imaging device being configured to capture
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the surrounding space around the vehicle, to output a
captured image signal to the control apparatus, and
the signal generation processor is configured to perform
processing on a captured image, to generate the gen-
erated signal suppliable to the control apparatus, the
captured image capturing the surrounding space in the
corresponding relation to the post-control position and
the post-control posture of the vehicle, the processing
including incorporating distortion into the captured
image, and the distortion being caused by a character-

istic of an optical system of the imaging device.

4. The surrounding space data providing system for the
control apparatus for the vehicle according to claim 1,
wherein

the control apparatus is configured to be supplied with a

plurality of the detection signals from a plurality of the
autonomous sensors provided in the vehicle,

the surrounding space data providing system includes

a plurality of the signal generation processors corre-
sponding to the plurality of the autonomous sensors,
and

the plurality of the signal generation processors is con-

figured to generate distributively a plurality of the
generated signals, and output the plurality of the gen-
erated signals to the control apparatus, the plurality of
the generated signals being as suppliable to the control
apparatus as the plurality of the detection signals to be
outputted to the control apparatus by the plurality of the
autonomous sensors.

5. The surrounding space data providing system for the
control apparatus for the vehicle according to claim 2,
wherein

the control apparatus is configured to be supplied with a

plurality of the detection signals from a plurality of the
autonomous sensors provided in the vehicle,

the surrounding space data providing system includes

a plurality of the signal generation processors corre-
sponding to the plurality of the autonomous sensors,
and

the plurality of the signal generation processors is con-

figured to generate distributively a plurality of the
generated signals, and output the plurality of the gen-
erated signals to the control apparatus, the plurality of
the generated signals being as suppliable to the control
apparatus as the plurality of the detection signals to be
outputted to the control apparatus by the plurality of the
autonomous sensors.

6. The surrounding space data providing system for the
control apparatus for the vehicle according to claim 3,
wherein

the control apparatus is configured to be supplied with a

plurality of the detection signals from a plurality of the
autonomous sensors provided in the vehicle,

the surrounding space data providing system includes

a plurality of the signal generation processors corre-
sponding to the plurality of the autonomous sensors,
and

the plurality of the signal generation processors is con-

figured to generate distributively a plurality of the
generated signals, and output the plurality of the gen-
erated signals to the control apparatus, the plurality of
the generated signals being as suppliable to the control
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apparatus as the plurality of the detection signals to be
outputted to the control apparatus by the plurality of the
autonomous sensors.

7. The surrounding space data providing system for the
control apparatus for the vehicle according to claim 4,
further comprising a synchronization control processor con-
figured to output a synchronization signal to at least the
plurality of the signal generation processors in the surround-
ing space data providing system, wherein

the synchronization control processor is configured to

output the synchronization signal on cycles equal to or
shorter than control cycles of the control apparatus for
the vehicle, and

the plurality of the signal generation processors is con-

figured to update, on a basis of the synchronization
signal to be supplied in common to the plurality of the
signal generation processors, the plurality of the gen-
erated signals to be outputted to the control apparatus,
to synchronize the plurality of the generated signals
with one another on the control cycles of the control
apparatus or shorter.

8. The surrounding space data providing system for the
control apparatus for the vehicle according to claim 5,
further comprising a synchronization control processor con-
figured to output a synchronization signal to at least the
plurality of the signal generation processors in the surround-
ing space data providing system, wherein

the synchronization control processor is configured to

output the synchronization signal on cycles equal to or
shorter than control cycles of the control apparatus for
the vehicle, and

the plurality of the signal generation processors is con-

figured to update, on a basis of the synchronization
signal to be supplied in common to the plurality of the
signal generation processors, the plurality of the gen-
erated signals to be outputted to the control apparatus,
to synchronize the plurality of the generated signals
with one another on the control cycles of the control
apparatus or shorter.

9. The surrounding space data providing system for the
control apparatus for the vehicle according to claim 6,
further comprising a synchronization control processor con-
figured to output a synchronization signal to at least the
plurality of the signal generation processors in the surround-
ing space data providing system, wherein

the synchronization control processor is configured to

output the synchronization signal on cycles equal to or
shorter than control cycles of the control apparatus for
the vehicle, and

the plurality of the signal generation processors is con-

figured to update, on a basis of the synchronization
signal to be supplied in common to the plurality of the
signal generation processors, the plurality of the gen-
erated signals to be outputted to the control apparatus,
to synchronize the plurality of the generated signals
with one another on the control cycles of the control
apparatus or shorter.

10. The surrounding space data providing system for the
control apparatus for the vehicle according to claim 1,
further comprising an estimation processor configured to
estimate a motion of the vehicle based on the control data,
the post-control position and the post-control posture of the
vehicle, or both, the control data being outputted by the
control apparatus to control travel of the vehicle, wherein
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the space generation processor is configured to generate
the surrounding space around the vehicle with the
vehicle assuming the post-control position and the
post-control posture, on a basis of the motion of the
vehicle to be estimated by the estimation processor on
a basis of the control data to be outputted by the control
apparatus, and

the surrounding space data providing system is configured

to provide simulated space data regarding a virtual
space to be traveled virtually by the vehicle.

11. The surrounding space data providing system for the
control apparatus for the vehicle according to claim 2,
further comprising an estimation processor configured to
estimate a motion of the vehicle based on the control data,
the post-control position and the post-control posture of the
vehicle, or both, the control data being outputted by the
control apparatus to control travel of the vehicle, wherein

the space generation processor is configured to generate

the surrounding space around the vehicle with the
vehicle assuming the post-control position and the
post-control posture, on a basis of the motion of the
vehicle to be estimated by the estimation processor on
a basis of the control data to be outputted by the control
apparatus, and

the surrounding space data providing system is configured

to provide simulated space data regarding a virtual
space to be traveled virtually by the vehicle.

12. The surrounding space data providing system for the
control apparatus for the vehicle according to claim 3,
further comprising an estimation processor configured to
estimate a motion of the vehicle based on the control data,
the post-control position and the post-control posture of the
vehicle, or both, the control data being outputted by the
control apparatus to control travel of the vehicle, wherein

the space generation processor is configured to generate

the surrounding space around the vehicle with the
vehicle assuming the post-control position and the
post-control posture, on a basis of the motion of the
vehicle to be estimated by the estimation processor on
a basis of the control data to be outputted by the control
apparatus, and

the surrounding space data providing system is configured

to provide simulated space data regarding a virtual
space to be traveled virtually by the vehicle.
13. The surrounding space data providing system for the
control apparatus for the vehicle according to claim 1,
further comprising an acquisition processor configured to
acquire, from the vehicle that is actually traveling, data
regarding the motion of the vehicle, the post-control position
and the post-control posture of the vehicle, or both, wherein
the space generation processor is configured to generate
the surrounding space around the vehicle with the
vehicle assuming the post-control position and the
post-control posture, on a basis of the motion of the
vehicle to be acquired by the acquisition processor, and

the surrounding space data providing system is configured
to provide real-time space data regarding a real space in
which the vehicle is actually traveling.
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14. The surrounding space data providing system for the
control apparatus for the vehicle according to claim 2,
further comprising an acquisition processor configured to
acquire, from the vehicle that is actually traveling, data
regarding the motion of the vehicle, the post-control position
and the post-control posture of the vehicle, or both, wherein
the space generation processor is configured to generate
the surrounding space around the vehicle with the
vehicle assuming the post-control position and the
post-control posture, on a basis of the motion of the
vehicle to be acquired by the acquisition processor, and

the surrounding space data providing system is configured
to provide real-time space data regarding a real space in
which the vehicle is actually traveling.
15. The surrounding space data providing system for the
control apparatus for the vehicle according to claim 3,
further comprising an acquisition processor configured to
acquire, from the vehicle that is actually traveling, data
regarding the motion of the vehicle, the post-control position
and the post-control posture of the vehicle, or both, wherein
the space generation processor is configured to generate
the surrounding space around the vehicle with the
vehicle assuming the post-control position and the
post-control posture, on a basis of the motion of the
vehicle to be acquired by the acquisition processor, and

the surrounding space data providing system is configured
to provide real-time space data regarding a real space in
which the vehicle is actually traveling.

16. A surrounding space data providing system for a
control apparatus for a vehicle, the control apparatus being
configured to be supplied with a detection signal of an
autonomous sensor provided in the vehicle, and provide
autonomous driving assistance, a travel control by auto-
mated driving, or both, on a basis of the detection signal of
the autonomous sensor, the surrounding space data provid-
ing system comprising

circuitry configured to:

generate a surrounding space around the vehicle with
the vehicle assuming a post-control position and a
post-control posture, on a basis of a motion of the
vehicle based on control data to be outputted by the
control apparatus; and

generate a generated signal of a space in which an
object present in the surrounding space, a moving
object in the surrounding space, or both are arranged
in the surrounding space in corresponding relation to
the post-control position and the post-control posture
of the vehicle, the generated signal being as suppli-
able to the control apparatus as the detection signal
to be obtained by detection by the autonomous
sensor provided in the vehicle,
the circuitry being configured to output the generated
signal to the control apparatus in place of the detection
signal of the autonomous sensor provided in the
vehicle.



