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In order to determine an appropriate investigation area, this
investigation area determination device includes: a candi-
date area extraction means for extracting a candidate area for
an investigation of the state of a disaster, by using sensor
information that has been acquired by a sensor information
acquisition device; a ground surface information acquisition
means for acquiring a ground surface change in the candi-
date area, the ground surface change being the results of
analysis using the results of measurement carried out by a
ground surface measurement device; and an investigation
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area determination means for determining, by using the
§ 371 (c)(1), ground surface change, an area for the investigation of the
(2) Date: Jan. 30, 2024 state of a disaster in the candidate area.
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INVESTIGATION AREA DETERMINATION
DEVICE, INVESTIGATION AREA
DETERMINATION METHOD, AND
RECORDING MEDIUM

TECHNICAL FIELD

[0001] The present invention relates to determination of an
investigation area, and in particular to determination of an
investigation area for investigation of a disaster situation.

BACKGROUND ART

[0002] Various technologies have been proposed to sup-
port investigation of disaster situations. For example, PTLs
1 and 2 describe techniques for supporting investigation of
disaster situations. The disaster countermeasure assistance
method described in PTL 1 grasps a disaster situation using
a synthetic aperture radar mounted on an artificial satellite.
When determining that a disaster has occurred, the vehicle
control device described in PTL 2 captures an image using
an imaging unit mounted on the vehicle, and accumulates
the image and position information in association with each
other.

CITATION LIST

Patent Literature

[0003] PTL 1: WO 2008/016153 Al
[0004] PTL 2: JP 2020-127091 A
SUMMARY OF INVENTION
Technical Problem
[0005] Since the technique described in PTL I uses a

synthetic aperture radar, there is a case where a detailed
situation of a disaster cannot be grasped. The technique
described in PTL 2 is a technique for acquiring an image of
a position of a vehicle at the time of occurrence of a disaster,
and thus, there is a case where an image that can be used for
investigation of a disaster situation cannot be acquired.
Therefore, it is desired to determine an appropriate disaster
situation investigation area.

[0006] An object of the present invention is to provide an
investigation area determination device or the like that
determines an appropriate investigation area.

Solution to Problem

[0007] An investigation area determination device accord-
ing to an aspect of the present invention includes a candidate
area extraction means configured to extract a candidate area
for investigation of a disaster situation using sensor infor-
mation acquired by a sensor information acquisition device,
a ground surface information acquisition means configured
to acquire a ground surface change that is a result of an
analysis using a measurement result made by a ground
surface measurement device in the candidate area, and an
investigation area determination means configured to deter-
mine an investigation area for investigation of a disaster
situation in the candidate area using the ground surface
change.

[0008] An investigation area determination system
according to an aspect of the present invention includes the
investigation area determination device described above, the
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sensor information acquisition device that outputs the sensor
information to the investigation area determination device,
and the ground surface measurement device that outputs the
measurement result to the investigation area determination
device, and a display device that acquires the investigation
area from the investigation area determination device and
displays the investigation area, and.

[0009] An investigation area determination method
according to an aspect of the present invention includes
extracting a candidate area for investigation of a disaster
situation using sensor information acquired by a sensor
information acquisition device, acquiring a ground surface
change that is a result of an analysis using a measurement
result made by a ground surface measurement device in the
candidate area, and determining an investigation area for
investigation of a disaster situation in the candidate area
using the ground surface change.

[0010] An investigation area determination method
according to an aspect of the present invention includes
causing an investigation area determination device to
execute the method described above, causing the sensor
information acquisition device to output the sensor infor-
mation to the investigation area determination device, caus-
ing the ground surface measurement device to output the
measurement result to the investigation area determination
device, and causing a display device to acquire the investi-
gation area from the investigation area determination device
and display the investigation area.

[0011] A recording medium according to an embodiment
of the present invention records a program for causing a
computer to execute the steps of extracting a candidate area
for investigation of a disaster situation using sensor infor-
mation acquired by a sensor information acquisition device,
acquiring a ground surface change that is a result of an
analysis using a measurement result made by a ground
surface measurement device in the candidate area, and
determining an investigation area for investigation of a
disaster situation in the candidate area using the ground
surface change.

Advantageous Effects of Invention

[0012] According to the present invention, it is possible to
achieve an effect of determining an appropriate investigation
area.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1is ablock diagram illustrating an example of
a configuration of an investigation area determination sys-
tem according to the first example embodiment.

[0014] FIG. 2 is a conceptual diagram illustrating an
example of a configuration of an investigation area deter-
mination system according to the first example embodiment.

[0015] FIG. 3 is a diagram illustrating an example of a
candidate area.
[0016] FIG. 4 is a diagram for describing an investigation

area and a hazardous area.

[0017] FIG. 5 is a flowchart illustrating an example of an
operation of the investigation area determination device
according to the first example embodiment.

[0018] FIG. 6 is a block diagram illustrating an example of
a hardware configuration of the investigation area determi-
nation device.
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[0019] FIG. 7 is ablock diagram illustrating an example of
a configuration of an investigation area determination sys-
tem according to the second example embodiment.

[0020] FIG. 8 is a diagram for describing an investigation
area based on a prediction of a disaster range.

[0021] FIG. 9 is a flowchart illustrating an example of
operation of the investigation area determination device
according to the second example embodiment.

[0022] FIG. 10 is a block diagram illustrating an example
of a configuration of an investigation area determination
device according to the third example embodiment.

[0023] FIG. 11 is a block diagram illustrating an example
of a configuration of an investigation area determination
system according to the fourth example embodiment.

EXAMPLE EMBODIMENT

[0024] Next, an example embodiment of the present
invention will be described with reference to the drawings.
However, each example embodiment of the present inven-
tion is not limited to the description of the drawings. Each
example embodiment can be appropriately combined.

<Terms>

[0025] The “sensor information acquisition device” is a
device that includes a predetermined sensor and acquires
sensor information related to a structure and its periphery.
For example, the structure may include a road, a bridge, a
slope frame, an embankment, a pier, a revetment, or a
runway. The sensor information will be described later. The
sensor information acquisition device may be a device that
is mounted on or towed by a mobile body and moves, or may
be a fixed device. For example, the moving device may be
a dashboard camera (dashcam). The fixed device may be a
fixed camera. For example, the mobile body may include a
vehicle, an unmanned aerial vehicle (drone), or a person.
The fixed camera used as the sensor information acquisition
device is not limited to a camera having a fixed imaging
direction, and may be a camera capable of changing at least
one of an imaging direction and an imaging position in a
certain range.

[0026] The “sensor information” is information acquired
using a predetermined sensor in order to determine a situ-
ation of a structure and a situation around the structure. For
example, the sensor may include a camera, a speedometer,
an accelerometer, an angle meter, or a distance meter. For
example, the acquired information may include an image, a
speed, acceleration, an angle, or a distance. For example, the
sensor information is an image captured or acceleration
measured by a dashcam mounted on a vehicle traveling on
a structure such as a road or a bridge. Alternatively, when the
sensor is light detection and ranging (LIDAR), the sensor
information is distance information. The sensor information
may include a plurality of pieces of information. For
example, the plurality of pieces of information may be
images and accelerations, or a plurality of images such as
moving images. However, the sensor information is not
limited to the image, the speed, the acceleration, and the
distance, and may be any information as long as the infor-
mation can be used for disaster determination. In other
words, the sensor is not limited to a camera, a speedometer,
an accelerometer, an angle meter, or a distance meter.
[0027] Further, the sensor information may include infor-
mation related to acquisition of the sensor information. For
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example, the sensor information may include an acquisition
time or an acquisition position as information related to
acquisition of the sensor information. Hereinafter, the infor-
mation related to the acquisition of the sensor information is
referred to as “acquisition-related information™. Alterna-
tively, the sensor information may include information
related to the sensor information acquisition device or
information related to the sensor. For example, the sensor
information may include a device name, an attachment
position, or an orientation of the sensor information acqui-
sition device as the information related to the sensor infor-
mation acquisition device, and may include a specification
of the sensor as the information related to the sensor.
Hereinafter, the information related to the sensor informa-
tion acquisition device and the information related to the
sensor are collectively referred to as “acquisition device
information”.

[0028] Furthermore, the sensor information may include
information related to the mobile body on which the sensor
information acquisition device is mounted. For example, the
mobile body is a vehicle. Alternatively, for example, the
information related to the mobile body is the model number
of the vehicle. Hereinafter, the information related to the
mobile body is referred to as “mobile body information”.
Furthermore, the sensor information may include informa-
tion related to the operation of the mobile body on which the
sensor information acquisition device is mounted. The
mobile body is, for example, a vehicle. In the case of the
vehicle, the information related to the operation of the
mobile body is, for example, information related to an
operation such as an accelerator pedal, a brake pedal, a shift
lever, a steering wheel, a wiper, a blinker, and opening and
closing of a door. Hereinafter, information related to the
operation of the mobile body is referred to as “operation
information”. Alternatively, the sensor information may
include information related to the periphery of the sensor
information acquisition device in the acquisition of the
sensor information. For example, the information related to
the periphery may include weather, temperature, humidity,
illuminance, congestion, or sound. Hereinafter, information
related to the periphery is referred to as “periphery infor-
mation”. Alternatively, the sensor information may include
information added by the operator of the acquisition work.
The information added by the operator is, for example, a
comment of the operator. Hereinafter, the information added
by the operator is referred to as “additional information”.

[0029] Hereinafter, the information included in the sensor
information excluding the information acquired by the sen-
sor is collectively referred to as “related information”. For
example, the information acquired by the sensor may be an
image. The information included in the sensor information
may be information including at least one of acquisition-
related information, acquisition device information, mobile
body information, operation information, periphery infor-
mation, and additional information. In this manner, the
sensor information may include related information in addi-
tion to the information acquired by the sensor. For example,
the information acquired by the sensor may be an image.
However, the related information may be treated as infor-
mation different from the information acquired by the sen-
sor. For example, one file may store the information
acquired by the sensor and the related information as sepa-
rate information. However, in the following description, it is
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assumed that the sensor information includes information
acquired by the sensor and related information.

[0030] A specific example of association between the
sensor information acquisition device, the sensor, and the
sensor information will be described. For example, in a case
where the sensor information acquisition device is a dash-
cam, the sensor is a camera. The sensor information is, for
example, an image. When the sensor information acquisition
device is an accelerometer, the sensor is an accelerometer.
[0031] The sensor information is acceleration. The sensor
information acquisition device may include a plurality of
sensors. The plurality of sensors in this case may be a
plurality of sensors of the same type or a plurality of types
of sensors. For example, the plurality of types of sensors
may be cameras, accelerometers, and angle meters. For
example, in a case where the sensor information acquisition
device is a dashcam, the dashcam may include a camera and
an accelerometer and acquire an image and acceleration. In
the following description, a dashcam, a camera, and an
image are used as examples of the sensor information
acquisition device, the sensor, and the sensor information,
respectively. A vehicle is used as an example of the mobile
body.

[0032] A “synthetic aperture radar” is a radar that trans-
mits and receives radio waves while a flying object is
moving, and acquires an image equivalent to that in the case
of an antenna having a large aperture. Hereinafter, the
synthetic aperture array is referred to as an “SAR”. The
resolution in radar observation is improved as the antenna is
increased. However, the size of an antenna that can be
mounted on an artificial satellite or the like is limited.
Therefore, the SAR uses an antenna having a small actual
aperture length to transmit and receive radio waves while
flying, thereby improving the resolution in the traveling
direction. That is, SAR artificially “combines” the “aper-
tures” to form a virtually large antenna. The flying object
may be any flying object as long as it is a flying object
equipped with the SAR. For example, the flying object is an
artificial satellite, an aircraft, or an unmanned aerial vehicle
(drone).

[0033] The SAR outputs an image as a measurement
result. Hereinafter, an image as a measurement result made
by the SAR is referred to as an “SAR image”. Each example
embodiment can analyze a “change in the ground surface”
using SAR images. Hereinafter, the “change in the ground
surface” may be simply referred to as a “ground surface
change”. For example, each example embodiment can ana-
lyze the change in height of the ground surface between two
times using two SAR images at different times at the same
location as the change in the ground surface. Alternatively,
each example embodiment may analyze a change in inten-
sity of the ground surface as a change in the ground surface.
[0034] In each example embodiment, an any method may
be used as a method of analyzing the change in height and
the change in intensity. For example, each example embodi-
ment may use a technique such as change extraction, time
series interference analysis, or coherent change extraction.
Alternatively, each example embodiment may execute
machine training using a past SAR image or the like as
teacher data, and apply the SAR image to an analysis model
generated as a result of execution of the machine training to
analyze a change in the ground surface. The analysis of the
change in the ground surface is not limited to the analysis of
the change in height of the ground surface and the change in
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intensity of the ground surface, and may include other
analysis. For example, the other analyses may include an
analysis of factors of the change in the ground surface or an
analysis of the magnitude of risk based on the change in the
ground surface. As described above, the SAR is a device that
measures the ground surface in order to acquire measure-
ment results for analyzing the change in the ground surface.
For example, the measurement result may be an SAR image.
[0035] However, in each example embodiment, a device
that acquires a measurement result for analyzing a change in
the ground surface, that is, a device that measures the ground
surface is not limited to the SAR. Examples of the device
that measures the ground surface include an optical sensor or
a laser measuring device mounted on any of an artificial
satellite, an aircraft, and an unmanned aerial vehicle (drone).
Each example embodiment may analyze the change in the
ground surface using measurement results made by a device
or system that measures the ground surface as described
above. For example, the measurement result may be an
optical image. In the following description, the device and
the system that measure the ground surface are collectively
referred to as “ground surface measurement devices”.
[0036] The ground surface measurement device includes a
device that analyzes a “change in the ground surface” using
a measurement result to output the “change in the ground
surface” that is a result of the analysis. That is, the ground
surface measurement device may output a measurement
result or may output a change in the ground surface as an
analysis result. Therefore, in the following description, in
order to avoid complication of the description, the above
cases will be summarized unless otherwise distinguished,
and the device of each example embodiment will be
described as acquiring a change in the ground surface that is
a result of an analysis using the measurement result made by
the ground surface measurement device. In the following
description, the SAR and the SAR images are used as
examples of the ground surface measurement device and the
measurement result.

[0037] the SAR includes a device capable of acquiring a
measurement result using a plurality of frequencies (multi-
spectra). Hereinafter, a device capable of acquiring a mea-
surement result using multispectra is referred to as a “mul-
tispectra measurement device”. When the measurement
result using the multispectra is used, not only the change in
the ground surface but also the type of the ground surface
can be analyzed. Therefore, each example embodiment may
analyze the type of the ground surface using the measure-
ment result made by the SAR using multispectra, and use the
analyzed type of the ground surface. The type of the ground
surface is determined in accordance with the frequency to be
used. For example, the type of the ground surface includes
at least one of a water surface, mud, garbage, dry soil,
grassland, forest, farmland, and snow cover. As described
above, the type of the ground surface is one of the results of
analysis on the measurement results of the ground surface.
Therefore, in the following description, a change in the
ground surface including the type of the ground surface is
referred to unless a particularly distinguished description is
necessary. That is, the change in the ground surface in the
following description may include the type of ground sur-
face.

[0038] The measurement results of the ground surface
measurement device such as the SAR include a wide range
to some extent. Therefore, the analysis using a measurement
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result made by a ground surface measurement device such as
the SAR can acquire a wide range of the change in the
ground surface to some extent. The SAR measures the
ground surface from a certain altitude. Therefore, the ground
surface measurement device such as the SAR can measure
the ground surface even when a disaster or the like occurs.
However, the accuracy of the result of the analysis using the
measurement result acquired by the SAR is of an order of
meters. It is often desirable that the accuracy of determining
the situation of the ground surface is of an order of several
centimeters to a dozen centimeters.

[0039] On the other hand, the accuracy of the determina-
tion using the sensor information acquired from the dashcam
is an order of several centimeters to several tens of centi-
meters. However, the sensor information acquired by the
dashcam is information in a narrow range with respect to the
SAR measurement result. Therefore, in a case where the
sensor information is acquired at all positions in a region to
be managed such as a local government, a lot of time and
man-hours are required to acquire the sensor information
using the dashcam. It is desirable to quickly investigate the
disaster situation. Therefore, it is desired to provide an
effective investigation area for investigating the disaster
situation using the sensor information acquired by the dash-
cam.

[0040] That is, in order to implement investigation of a
disaster situation using sensor information, it is desired to
provide information about an appropriate investigation area
for acquiring sensor information. Therefore, as will be
described below, each example embodiment of the present
invention provides an appropriate investigation area as a
disaster situation investigation using sensor information
acquired by a sensor information acquisition device and a
change in the ground surface that is a result of an analysis
using a measurement result made by a ground surface
measurement device.

First Example Embodiment

[0041] The first example embodiment of the present
invention will be described with reference to the drawings.
FIG. 1 is a block diagram illustrating an example of a
configuration of an investigation area determination system
80 according to the first example embodiment. The inves-
tigation area determination system 80 includes an investi-
gation area determination device 10, a dashcam 20, an SAR
30, a display device 40, and an information providing device
50. The number of components in FIG. 1 is an example, and
is not limited to the example illustrated in FIG. 1. For
example, the investigation area determination system 80
may include a plurality of dashcams 20.

[0042] The dashcam 20 outputs the sensor information to
the investigation area determination device 10. The dashcam
20 is mounted on a vehicle, for example, and acquires sensor
information such as a road on which the vehicle travels. For
example, the dashcam 20 acquires an image of a road. Then,
the dashcam 20 outputs the acquired sensor information to
the investigation area determination device 10. However, the
mobile means of the dashcam 20 is not limited to the vehicle.
For example, the dashcam 20 may be mounted on a mobile
body other than the vehicle. For example, the dashcam 20
may be mounted on an unmanned aerial vehicle (drone).
Alternatively, a person or the like may carry the dashcam 20.
In the present example embodiment, a device that is fixed at
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an any place and can acquire and output sensor information,
such as a fixed camera, may be included as the dashcam 20.
[0043] The investigation area determination system 80
may include a plurality of dashcams 20. For example, the
investigation area determination system 80 may include the
dashcam 20 mounted on each of a plurality of vehicles, or
may include the dashcam 20 mounted on a mobile body and
the dashcam 20 fixed at a predetermined position.

[0044] The SAR 30 outputs a measurement result or a
change in the ground surface to the investigation area
determination device 10. For example, the SAR 30 outputs
an SAR image that is a measurement result to the investi-
gation area determination device 10. In this case, the inves-
tigation area determination device 10 may analyze the
“change in the ground surface” using the SAR image
acquired from the SAR 30. The SAR 30 may output an SAR
image in a preset range, or may output an SAR image in a
range requested by the investigation area determination
device 10. For example, the preset range may be an imaging
range or a measurement range.

[0045] Alternatively, the SAR 30 may output, to the
investigation area determination device 10, a “change in the
ground surface” that is a result of analyzing the SAR image.
Also in this case, the SAR 30 may output a change in the
ground surface in a preset range, or may output a change in
the ground surface in a range requested by the investigation
area determination device 10. The preset range is, for
example, an analysis range. The SAR 30 may measure the
ground surface using multispectra. In this case, the SAR 30
may output a multispectra measurement result or may output
atype of the ground surface analyzed using the multispectral
measurement result.

[0046] The display device 40 displays information output
by the investigation area determination device 10. For
example, the information output by the investigation area
determination device 10 may be the investigation area. The
display device 40 may be any device as long as the device
displays the information output by the investigation area
determination device 10. The installation position of the
display device 40 may be any place where it can be installed.
Alternatively, the display device 40 may be a portable device
such as a cellular phone, a smartphone, or a tablet, instead
of'a device installed at a predetermined place. For example,
the display device 40 may be a display included in a disaster
assistance system of a local government. Alternatively, the
display device 40 may be a device mounted for a vehicle on
which the dashcam 20 is mounted. For example, the device
mounted for a vehicle may be a car navigation device.
Furthermore, the display device 40 may be a device included
in any devices or a device including another device. For
example, the display device 40 may be included in the
investigation area determination device 10. Alternatively,
the display device 40 may be a device including the inves-
tigation area determination device 10.

[0047] The information providing device 50 provides the
information requested by the investigation area determina-
tion device 10. The information providing device 50 may be
any device as long as the device provides the information
requested by the investigation area determination device 10.
The user or the like of the investigation area determination
device 10 may determine the information to be acquired
from the information providing device 50 and the informa-
tion providing device 50 in consideration of the information
necessary for determining the investigation area in the



US 2024/0346831 Al

investigation area determination device 10. For example, the
information providing device 50 may provide map informa-
tion such as a road to the investigation area determination
device 10. Alternatively, the information providing device
50 may provide the information related to a disaster to the
investigation area determination device 10. Hereinafter, the
information related to a disaster is referred to as “disaster
information”.

[0048] The disaster information may be any information
as long as the information is related to a target disaster. For
example, the disaster information may be information
related to information about a disaster range, information
about a secondary disaster, and information related to disas-
ter information at the time of a similar disaster in the past
and the like. Alternatively, the disaster information may be
weather-related information such as a rainfall range, an
amount of rainfall, rain cloud information, a wind direction,
and a wind volume. For example, the rain cloud information
may be a position, a range, and a moving direction of the rain
cloud. Alternatively, the disaster information may be infor-
mation related to an earthquake, such as a seismic source,
seismic intensity, and a situation of an aftershock. Alterna-
tively, the disaster information may be information related to
a social infrastructure such as a power outage, a water
outage, or a supply stop of city gas.

[0049] Alternatively, the disaster information may be
information related to a map such as a topographical map
and a hazard map.

[0050] The investigation area determination device 10
outputs an area to be investigated. Hereinafter, an area to be
investigated is referred to as an “investigation area”. There-
fore, the investigation area determination device 10 acquires
the sensor information from the dashcam 20. For example,
the investigation area determination device 10 acquires a
road image from the dashcam 20. The investigation area
determination device 10 may acquire the sensor information
from the dashcam 20, or may acquire the sensor information
from a device that stores the sensor information acquired by
the dashcam 20. However, in the following description, as an
example, the investigation area determination device 10 will
be described as acquiring the sensor information from the
dashcam 20. Then, the investigation area determination
device 10 extracts an area to be a candidate for the inves-
tigation area using the sensor information. Hereinafter, an
area to be a candidate for the investigation area is referred
to as a “candidate area”. Then, the investigation area deter-
mination device 10 acquires an SAR image in the candidate
area from the SAR 30, and analyzes a change in the ground
surface in the candidate area using the acquired SAR image.
Alternatively, the investigation area determination device 10
acquires, from the SAR 30, a change in the ground surface
that is a result of analyzing the SAR image acquired by the
SAR 30 in the candidate area. That is, although the subject
of the analysis is different, the investigation area determi-
nation device 10 acquires a change in the ground surface that
is a result of the analysis using the measurement result made
by the SAR 30 in the candidate area. The investigation area
determination device 10 may acquire the SAR image or the
change in the ground surface from the SAR 30, or may
acquire the SAR image or the change in the ground surface
from a device that stores the SAR image or the change in the
ground surface. However, in the following description, as an
example, the investigation area determination device 10 will
be described as acquiring an SAR image or a change in the
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ground surface from the SAR 30. Then, the investigation
area determination device 10 determines the investigation
area for investigation of the disaster situation in the candi-
date area using the acquired change in the ground surface.
Then, the investigation area determination device 10 outputs
the determined investigation area.

[0051] FIG. 2 is a conceptual diagram illustrating an
example of a configuration of the investigation area deter-
mination system 80 according to the first example embodi-
ment. The investigation area determination system 80 in
FIG. 2 includes a computer 810 as an example of the
investigation area determination device 10, a dashcam 820
as an example of the dashcam 20, and an SAR system 830
including an artificial satellite and a ground station as an
example of the SAR 30. Further, the investigation area
determination system 80 in FIG. 2 includes a terminal device
840 as an example of the display device 40. Furthermore, the
investigation area determination system 80 in FIG. 2
includes a vehicle 850 as an example of a mobile body that
moves with the dashcam 820 mounted thereon.

[0052] Furthermore, the investigation area determination
system 80 of FIG. 2 includes a network 880 as a commu-
nication path for connecting devices and systems. The
network 880 is a communication path that connects each
device and the system to each other. The network 880 is not
particularly limited as long as each device and the system
can be connected. For example, the network 880 may be the
Internet, a public telephone line, or a combination thereof. In
FIG. 2, the information providing device 50 is omitted.
[0053] The configuration of the investigation area deter-
mination system 80 included in FIG. 2 is an example. The
number of components is not limited to the example illus-
trated in FIG. 2. For example, the investigation area deter-
mination system 80 may include one, two, or four or more
dashcams 820. Alternatively, at least some of the dashcams
820 may not be mounted on the vehicle 850. For example,
the investigation area determination system 80 may include
a fixed camera as the dashcam 820. In FIG. 2, the dashcam
820 is displayed outside the vehicle 850 for easy under-
standing. However, the dashcam 820 may be mounted inside
the vehicle 850.

[0054] The vehicle 850 on which the dashcam 820 is
mounted travels on a structure such as a road or a bridge.
The dashcam 820 is mounted on the vehicle 850, acquires
sensor information about a road, a bridge, and the like on
which the vehicle 850 travels to output the acquired sensor
information to the computer 810. For example, the dashcam
820 is mounted on the vehicle 850, acquires an image and
acceleration of a road, a bridge, and the like on which the
vehicle 850 travels to output the acquired image and accel-
eration to the computer 810. The computer 810 acquires the
sensor information from the dashcam 820 and extracts a
candidate area using the acquired sensor information.

[0055] Then, the computer 810 acquires the SAR image of
the candidate area from the SAR system 830, and analyzes
the change in the ground surface using the acquired SAR
image. However, the computer 810 may acquire, from the
SAR system 830, the change in the ground surface in the
candidate area. That is, the computer 810 acquires a change
in the ground surface that is a result of an analysis using the
SAR image acquired by the SAR system 830 in the candi-
date area. Then, the computer 810 determines an investiga-
tion area in the candidate area using a change in the ground
surface. Then, the computer 810 outputs the investigation
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area to the terminal device 840. The terminal device 840
displays the investigation area acquired from the computer
810.

[0056] Specific devices to be the computer 810, the dash-
cam 820, the SAR system 830, the terminal device 840, and
the vehicle 850 included in the investigation area determi-
nation system 80 are not particularly limited. As the com-
puter 810, the dashcam 820, the SAR system 830, the
terminal device 840, and the vehicle 850, generally available
products and systems may be used. Therefore, a detailed
description thereof will be omitted.

[0057] Next, a configuration of the investigation area
determination device 10 will be described with reference to
FIG. 1. The investigation area determination device 10
includes a candidate area extraction unit 110, a ground
surface information acquisition unit 120, an investigation
area determination unit 130, and an area output unit 140.
[0058] The candidate area extraction unit 110 extracts a
candidate area using the sensor information acquired from
the dashcam 20. The candidate area extraction unit 110 may
extract not one but a plurality of candidate areas. The
candidate area may be any area as long as the area is used
for determination of the investigation area. The investigation
area is an area where sensor information is acquired using
the dashcam 20 in order to investigate a disaster situation.
[0059] Therefore, for example, the candidate area extrac-
tion unit 110 may extract an area where sensor information
is not acquired as the candidate area. Hereinafter, the area
where the sensor information is not acquired is referred to as
a “non-acquisition area”. For example, the candidate area
extraction unit 110 may extract an area (non-acquisition
area) where the sensor information is not acquired using the
position information included in the sensor information
acquired from the dashcam 20 and set the extracted non-
acquisition area as the candidate area. Alternatively, the
candidate area extraction unit 110 may determine an area
where the sensor information has been acquired and set an
area excluding the acquisition completion area as the can-
didate area. Hereinafter, an area where the sensor informa-
tion has been acquired is referred to as an “acquisition
completion area”.

[0060] The candidate area extraction unit 110 may extract,
as the candidate area, an area satisfying a predetermined
condition other than the acquisition of the sensor informa-
tion. An example of the condition includes whether the
vehicle can pass. For example, in a case where the sensor
information acquisition device is mounted on a mobile body,
an area where the mobile body on which the sensor infor-
mation acquisition device is mounted cannot move is an area
where the sensor information cannot be acquired. For
example, the dashcam 20 mounted on the vehicle cannot
acquire sensor information such as a narrow road through
which the vehicle cannot pass or an unpaved road. There-
fore, for example, in a case where the sensor information
about the investigation area is acquired using the dashcam
20 mounted on the vehicle, the candidate area extraction unit
110 may extract a road through which the vehicle can pass
as the candidate area.

[0061] Alternatively, the candidate area extraction unit
110 may exclude a road through which the vehicle cannot
pass from the candidate area. For example, the candidate
area extraction unit 110 may exclude a narrow road from the
candidate area. As described above, the candidate area
extraction unit 110 may extract, as the candidate area, an
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area where the mobile body on which the sensor information
acquisition device is mounted such as the dashcam 20 can
move. For example, the candidate area extraction unit 110
may extract, as the candidate area, an area where the vehicle
on which the sensor information acquisition device is
mounted such as the dashcam 20 can move. Hereinafter, an
area where it is difficult to acquire sensor information from
at least one of the functions of the sensor information
acquisition device and the mobile body and that should be
excluded from the investigation area is referred to as an
“excluded area”.

[0062] FIG. 3 is a diagram illustrating an example of a
candidate area. FIG. 3 is a diagram for explaining a candi-
date area using a road as an example of the area. However,
this is not intended to limit the candidate area of the first
example embodiment to a road. The candidate area is not
limited to the road, and may be an area other than the road.
For example, the area other than the road may include at
least one of an agricultural land, a parking lot, a park, an
open space, a facility such as a factory, a bank, and a top end
of an embankment. FIG. 3 includes three roads in the
up-down direction and two roads in the left-right direction.
Hereinafter, the three roads are referred to as “left, center,
and right roads in the up-down direction”. Hereinafter, the
two roads in the left-right direction are referred to as “upper
and lower roads in the left-right direction”. The road in the
up-down direction is divided into three sections with two
roads in the left-right direction as boundaries. Hereinafter,
the three sections are referred to as “upper, middle, and
lower sections”. The road in the left-right direction is
divided into four sections with three roads in the up-down
direction as boundaries. Hereinafter, the four sections are
referred to as “first, second, third, and fourth sections from
right”. Since the intersection is included in a plurality of
roads, description of the intersection is omitted in consid-
eration of convenience of description except for a case
where description is particularly necessary. In FIG. 3, in the
central road in the up-down direction, upper and lower
sections are acquisition completion areas. Therefore, the
candidate area extraction unit 110 excludes this area from
the candidate area.

[0063] The other sections of the road are non-acquisition
areas. However, the road in the up-down direction on the left
side is an excluded area because the road width is narrow in
any of the upper, central, and lower sections, and it is
difficult for vehicles to pass through the road. Therefore, the
candidate area extraction unit 110 excludes these sections,
which are areas where sensor information is not acquired,
from the candidate areas. As a result, in FIG. 3, the candidate
area extraction unit 110 extracts roads in areas other than the
acquisition completion area and the excluded area as can-
didate areas. The description returns to the description with
reference to FIG. 1.

[0064] A plurality of reasons is assumed as the reason why
the sensor information in the non-acquisition area is not
acquired. For example, the non-acquisition area includes an
area where the sensor information is not to be acquired in a
normal state. Hereinafter, an area where the sensor infor-
mation is not to be acquired is referred to as a “non-
investigation target area”. Alternatively, the non-acquisition
area includes an area where the sensor information cannot be
acquired although the sensor information is attempted to be
acquired. For example, the area where the sensor informa-
tion cannot be acquired may be a road where the vehicle
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cannot pass due to an influence of an obstacle or the like, or
an area including an area ahead of the road. Hereinafter, an
area where the sensor information cannot be acquired is
referred to as an “acquisition disabled area”. There is a high
possibility that a disaster has occurred in the acquisition
disabled area. That is, the acquisition disabled area and its
periphery should be preferentially included in the investi-
gation area. Therefore, the candidate area extraction unit 110
may extract an acquisition disabled area in the non-acqui-
sition area as the candidate area.

[0065] The method for determining the acquisition dis-
abled area is not limited. For example, the candidate area
extraction unit 110 may determine a returning point of the
vehicle on which the dashcam 20 is mounted using the
information included in the sensor information, and deter-
mine an area ahead of the determined returning point as an
acquisition disabled area. For example, the candidate area
extraction unit 110 may determine a returning point of the
vehicle on which the dashcam 20 is mounted using the
position information and the operation information about the
mobile body, and determine an area ahead of the determined
returning point as the acquisition disabled area. The candi-
date area extraction unit 110 may use information other than
the above as the determination of the returning point. For
example, the candidate area extraction unit 110 may deter-
mine the returning point using the additional information
included in the sensor information. For example, the can-
didate area extraction unit 110 may determine the returning
point using a comment of the operator. The candidate area
extraction unit 110 may directly determine the acquisition
disabled area based on a comment of the operator or the like.
Specifically, the candidate area extraction unit 110 may
determine the acquisition disabled area based on information
about the presence or absence of an obstacle visually con-
firmed by the operator or the like.

[0066] The non-investigation target area will be described.
Normally, in a case where the main road is monitored using
the dashcam 20, the dashcam 20 acquires sensor information
related to the main road. However, disasters can also occur
outside the main roads. Therefore, using the disaster infor-
mation, the candidate area extraction unit 110 may extract an
area for newly acquiring the sensor information as a candi-
date area from among areas (non-investigation target areas)
that have not been areas where the dashcam 20 acquires the
sensor information until that time. As described above, the
candidate area extraction unit 110 may extract an arca where
acquisition of sensor information is newly required in the
non-investigation target area. Hereinafter, an area where
sensor information is required to be newly acquired is
referred to as a “new acquisition area”. The new acquisition
area is an area included in the non-acquisition area.

[0067] The candidate area extraction unit 110 may extract
a candidate area from among areas where sensor information
has been acquired (acquisition completion areas) as at least
some candidate areas. For example, even in an area where
sensor information has been acquired, there may be an area
where sensor information is insufficient for determining a
disaster situation. Hereinafter, an area where sensor infor-
mation is insufficient for determining a disaster situation is
referred to as an “insufficient acquisition area”. The insuf-
ficient acquisition area is an area where at least part of the
sensor information should be newly acquired. That is, the
insufficient acquisition area is an area partially including an
area corresponding to the new acquisition area. Therefore,
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the candidate area extraction unit 110 may determine the
acquisition state of the sensor information in the acquisition
completion area, extract the insufficient acquisition area
using the acquisition state, and extract the extracted insuf-
ficient acquisition area as the candidate area.

[0068] Alternatively, there is a case where it is inappro-
priate to use the sensor information for disaster determina-
tion, such as a case where a certain period of time has
elapsed since acquisition of the acquired sensor information.
In such a case, it is better to acquire the sensor information
again even in the area where the sensor information has
already been acquired. Therefore, the candidate area extrac-
tion unit 110 may extract, as the candidate area, an area
where the acquired sensor information satisfies a predeter-
mined condition in the area where the sensor information
has been acquired. For example, the candidate area extrac-
tion unit 110 may extract, as the candidate area, an area
where the sensor information has been already acquired and
where the acquisition time of the sensor information is
before the occurrence of the disaster. As described above,
the candidate area extraction unit 110 may extract an area for
reacquiring at least part of the sensor information as the
candidate area. Hereinafter, an area where at least part of the
sensor information is reacquired is referred to as a “reac-
quisition area”.

[0069] At least part of the sensor information may be
reacquired also in the insufficient acquisition area. That is,
the insufficient acquisition area may be an area including an
area (insufficient acquisition area) where sensor information
insufficient as the determination of a disaster situation is
acquired and a reacquisition area where sensor information
is reacquired. The insufficient acquisition area and the
reacquisition area can be regarded as an areca where at least
part of sensor information is not acquired as sensor infor-
mation used for determining a disaster situation. Therefore,
the insufficient acquisition area and the reacquisition area
are also examples of the non-acquisition area. Therefore, in
the following description, it is assumed that the non-acqui-
sition area includes the reacquisition area and the insufficient
acquisition area. As described above, the candidate area
extraction unit 110 may extract one or a plurality of candi-
date areas from the non-acquisition area where the sensor
information used for extracting the candidate area is not
acquired using at least the sensor information.

[0070] The candidate area extraction unit 110 may set a
priority to the candidate area. Hereinafter, the priority of the
candidate area is referred to as a “candidate priority”. For
example, the acquisition disabled area is an area where there
is a high possibility that a disaster has occurred, and thus is
an area where sensor information should be acquired when
possible. Therefore, in a case where the acquisition disabled
area is included in the candidate area, the candidate area
extraction unit 110 may set the priority of the candidate area
that is the acquisition disabled areca among the candidate
areas to be higher than the priority of the other candidate
areas. For example, the candidate area extraction unit 110
may set the priority of the candidate area that is the acqui-
sition disabled area among the candidate areas to be higher
than the priority of the non-acquisition area that is not the
acquisition disabled area. In a case where the user or the like
sets the priority to a predetermined area in advance, the
candidate area extraction unit 110 may use the priority set by
the user or the like as the priority of the candidate area.
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[0071] Alternatively, the candidate area extraction unit
110 may acquire disaster information from the information
providing device 50 in addition to the sensor information,
and extract a candidate area using the acquired disaster
information. For example, when the disaster is a flood, the
candidate area extraction unit 110 may extract the candidate
area from the rainfall range. Alternatively, the candidate area
extraction unit 110 may extract a candidate area using
predetermined map information. For example, the candidate
area extraction unit 110 may extract a candidate area using
map information acquired from the information providing
device 50. For example, the candidate area extraction unit
110 may extract a candidate area from a range having a high
possibility of disaster in the hazard map. In these cases, the
candidate area extraction unit 110 may set the priority to the
candidate area using the information acquired from the
information providing device 50. Then, the candidate area
extraction unit 110 outputs the candidate area to the ground
surface information acquisition unit 120 and the investiga-
tion area determination unit 130. The candidate area extrac-
tion unit 110 may output the acquired sensor information
together with the candidate area to at least one of the
investigation area determination unit 130 and the area output
unit 140.

[0072] The ground surface information acquisition unit
120 acquires an SAR image related to the candidate area
from the SAR 30. Then, the ground surface information
acquisition unit 120 analyzes a change in the ground surface
related to the candidate area using the acquired SAR image.
Alternatively, the ground surface information acquisition
unit 120 may acquire a change in the ground surface related
to the candidate area from the SAR 30. As described above,
although the subject of the analysis is different, the ground
surface information acquisition unit 120 acquires a ground
surface change that is a result of the analysis using the
measurement result made by the ground surface measure-
ment device in the candidate area. For example, the ground
surface information acquisition unit 120 acquires a ground
surface change that is a result of the analysis using an SAR
image that is a measurement result made by the SAR 30.

[0073] The spatial resolution of the sensor information is
often different from the spatial resolution of the SAR image.
The boundary of the acquisition sections of the sensor
information does not necessarily coincide with the boundary
of the acquisition sections of the SAR image. That is, the
ground surface information acquisition unit 120 cannot
always acquire an SAR image in the same range as the
candidate area. When the candidate area does not match the
acquisition range of the SAR image, the ground surface
information acquisition unit 120 may acquire an SAR image
of a wider range including the candidate area, and analyze
a change in the ground surface in the acquired SAR image.
Alternatively, the ground surface information acquisition
unit 120 may acquire, from the SAR 30, a change in the
ground surface in a wider range including the candidate area.

[0074] The ground surface measurement device such as a
multispectra measurement device may be able to provide a
measurement result capable of analyzing the type of the
ground surface. In this case, the ground surface information
acquisition unit 120 may analyze the type of the ground
surface using the information acquired from the SAR 30.
Alternatively, the ground surface information acquisition
unit 120 may acquire the type of the ground surface from the
SAR 30. In these cases, the investigation area determination
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unit 130, which will be described later, may determine the
investigation area using the type of the ground surface.
Then, the ground surface information acquisition unit 120
outputs the acquired change in the ground surface to the
investigation area determination unit 130. The acquired
change in the ground surface may include a type of the
ground surface.

[0075] The investigation area determination unit 130
determines an investigation area in the candidate area using
the acquired change in the ground surface. The investigation
area determination unit 130 may determine a plurality of
investigation areas. The investigation area determination
unit 130 determines a range in which investigation is pos-
sible based on a change in the ground surface. Hereinafter,
the range that can be investigated is referred to as an
“investigatable range”. Then, the investigation area deter-
mination unit 130 determines an area that is both the
investigatable range and the candidate area as an investiga-
tion area. Alternatively, the investigation area determination
unit 130 may extract a change in the ground surface related
to the candidate area from the acquired change in the ground
surface, determine an investigatable range in the extracted
change in the ground surface, and determine the determined
investigatable range as the investigation area.

[0076] A method of determining the investigatable area in
the investigation area determination unit 130 is not particu-
larly limited. For example, the investigation area determi-
nation unit 130 may determine the investigatable range
using a value of a change in the ground surface, or may
determine the investigatable range using a change in a value
of a change in the ground surface. The value of the change
in the ground surface is, for example, an absolute value of
the value. The change in the value of the change in the
ground surface is, for example, a change rate. The investi-
gation area is an area where sensor information is acquired
using the dashcam 20 as a disaster situation investigation.
For example, the investigation area is an area where a person
in charge of a local government or the like carries the
dashcam 20 and acquires sensor information. Therefore, the
investigation area determination unit 130 may determine an
area having a low risk associated with a disaster as the
investigation area.

[0077] For example, an area where the change in the
ground surface is large is an area where the damage of the
disaster is large or the future damage is likely to expand. The
investigation in such areas is often highly risky. Therefore,
the investigation area determination unit 130 may deter-
mine, as the investigation area, an area where a change in the
ground surface is smaller than a threshold value among the
candidate areas. That is, the investigation area determination
unit 130 may determine an area having a low risk among the
candidate areas as the investigation area. However, it is
desirable that the investigation area is an area where a
disaster situation can be determined as much as possible.
Therefore, the investigation area determination unit 130 may
determine, as the investigation area, an area included in a
range of a predetermined distance from an area where a
change in the ground surface is larger than a predetermined
value. For example, the investigation area determination unit
130 may determine, as the investigation area, a peripheral
area of an area having a large change in the ground surface.
[0078] Alternatively, the investigation area may be an area
where a person in charge of the local government moves a
vehicle equipped with the dashcam 20 as the investigation.
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In this case, the investigation area is required to be passable
by a vehicle. For example, in a case the candidate area
extraction unit 110 extracts a candidate area that allows
vehicle traffic as at least part of the candidate area, the
investigation area determination unit 130 may determine the
investigation area from the candidate areas that allows
vehicle traffic. However, the candidate area extraction unit
110 may not consider whether a mobile body such as a
vehicle can pass in extracting the candidate area. In this case,
the investigation area determination unit 130 may determine
an area where a mobile body such as a vehicle is passable in
the acquired candidate area or the area of the change in the
ground surface, and determine the investigation area based
on the determined area. As described above, in the investi-
gation area determination device 10, the configuration for
determining whether a mobile body such as a vehicle can
pass is not limited to the candidate area extraction unit 110.

[0079] The investigation area determination unit 130 may
use the type of the ground surface in addition to the change
in the ground surface. For example, in the case of a flood, an
area where the water has not receded is an area that is
difficult to investigate. Therefore, the investigation area
determination unit 130 may exclude an area where the type
of the ground surface is a water surface from the investiga-
tion area. Alternatively, the range where the ground surface
is covered with garbage and mud is likely to be an area
where the flood has receded. Therefore, the investigation
area determination unit 130 may determine a range in which
the type of the ground surface is at least one of garbage and
mud as the investigation area.

[0080] The investigation area determination unit 130 may
use the sensor information in addition to the change in the
ground surface in the determination of the investigation
area. For example, in a case where the image that is the
sensor information includes the water surface of the flood,
the investigation area determination unit 130 may determine
the position of the water surface using the sensor informa-
tion, and exclude the position of the water surface and its
peripheral area from the investigation area. As described
above, the investigation area determination unit 130 may
determine the risk of investigation in the candidate area
using the sensor information in addition to the change in the
ground surface, and determine the investigation area from
the candidate area with a low risk.

[0081] Furthermore, the investigation area determination
unit 130 may determine an area where it is better to avoid
investigation using at least one of a change in the ground
surface and sensor information. That is, the investigation
area determination unit 130 may determine an area where
acquisition of the sensor information in the disaster situation
investigation should be avoided using at least one of the
change in the ground surface and the sensor information.
Hereinafter, an area where an investigation should be
avoided is referred to as a “hazardous area”. For example,
there is a high possibility that an area where the change in
the ground surface is large is an area where the damage of
the disaster is large. Therefore, the investigation area deter-
mination unit 130 may determine an area where the change
in the ground surface is larger than a predetermined thresh-
old value as the hazardous area. Alternatively, the investi-
gation area determination unit 130 may determine the haz-
ardous area using the disaster-stricken state included in the
sensor information. For example, the investigation area
determination unit 130 may determine the hazardous area
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using flooding or a depression of a road surface included in
the image. For example, the investigation area determination
unit 130 may determine a state of a pot hole or a depression
of a road surface using an image of the road surface, and
determine a road on which it is difficult for the vehicle to
travel as a hazardous area.

[0082] Alternatively, the investigation area determination
unit 130 may determine the possibility of occurrence of a
secondary disaster, and determine a building having the
determined high possibility of the secondary disaster and its
periphery as a hazardous area. For example, the investiga-
tion area determination unit 130 may determine a building
having a high possibility of collapse and its periphery as a
hazardous area. A method of determining the possibility of
occurrence of a secondary disaster may be set in advance by
the user or the like in the investigation area determination
device 10. For example, the investigation area determination
unit 130 may determine the possibility of occurrence of a
secondary disaster such as building collapse using the build-
ing collapse situation included in the image that is the sensor
information.

[0083] Furthermore, the investigation area determination
unit 130 may determine the hazardous area using the type of
the ground surface in addition to the change in the ground
surface. For example, the investigation area determination
unit 130 may determine an area where the type of the ground
surface is a water surface as the hazardous area. The
investigation area determination unit 130 may determine
that the area including a prescribed range around the area
determined to be dangerous as described above in consid-
eration of safety is a hazardous area. Alternatively, there is
a high possibility that a disaster has occurred in the acqui-
sition disabled area. Therefore, the investigation area deter-
mination unit 130 may determine the acquisition disabled
area as a hazardous area. As described above, the hazardous
area is an area that is determined using at least one of a
change in the ground surface and sensor information and in
which it is determined that it is better to avoid investigation.

[0084] Alternatively, the investigation area determination
unit 130 may determine the hazardous area using informa-
tion acquired from the information providing device 50 or
the like in addition to or in place of the change in the ground
surface and the sensor information. For example, the inves-
tigation area determination unit 130 may acquire informa-
tion related to a road from the information providing device
50, and determine a highly dangerous place in the road as a
hazardous area. For example, the investigation area deter-
mination unit 130 may determine a tunnel, a bridge, or a
road having a steep terrain such as a cliff on at least one side
as a place having a high risk. Alternatively, the investigation
area determination unit 130 may determine the hazardous
area using information related to weather or fire. For
example, the investigation area determination unit 130 may
determine the hazardous area using a rainfall range and an
amount of rainfall prediction, or information related to a
region where a fire has occurred and a wind direction.
Alternatively, the investigation area determination unit 130
may determine the hazardous area using the map informa-
tion acquired from the information providing device 50. For
example, the investigation area determination unit 130 may
determine the hazardous area using a hazard map including
a dangerous area such as a river or a cliff acquired from the
information providing device 50.
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[0085] In a case where the information acquired from the
information providing device 50 or the like is used, the
investigation area determination unit 130 may change a
threshold value used for determination of at least one of a
change in the ground surface and the sensor information in
the determination of the hazardous area using the acquired
information. For example, the vicinity of a cliff or a slope
(slope surface) is more likely to cause landslides than a flat
land. Therefore, the investigation area determination unit
130 may make a threshold value used for determination of
a change in the ground surface smaller in a flat land than in
the vicinity of a cliff or a slope determined based on
topographical information acquired from the information
providing device 50 or the like.

[0086] FIG. 4 is a diagram for describing an investigation
area and a hazardous area. In FIG. 4, a lower right elliptical
area is an area where a change in the ground surface is large.
For example, an area with a large change in the ground
surface is a range of flooding. Therefore, the investigation
area determination unit 130 determines a section of the road
included in this range as a hazardous area. Most of the upper
section of the road in the up-down direction on the right side
and the second section from the right of the road in the
left-right direction on the upper side are not included in the
area where the change in the ground surface is large.
However, the intersection on one side of each of the two
sections is included in an area where the change in the
ground surface is large. Therefore, in a case where the
vehicle on which the dashcam 20 is mounted enters such a
section in order to acquire the sensor information, there is a
possibility that the vehicle cannot proceed and the investi-
gation cannot be performed. That is, such an area is an area
where there is a high possibility that the investigation cannot
be performed. Therefore, the investigation area determina-
tion unit 130 may exclude such an area from the investiga-
tion area. Hereinafter, an area that is not included in the
hazardous area but is determined to be better to avoid the
investigation based on a change in the ground surface or the
like is referred to as an “investigation avoidance area”. In
FIG. 3, the investigation area determination unit 130 deter-
mines a candidate area remaining excluding the hazardous
area and the investigation avoidance area as the investiga-
tion area. The description returns to the description with
reference to FIG. 1.

[0087] The investigation area determination unit 130 may
determine the risk level of the hazardous area using at least
one of a change in the ground surface, sensor information,
and information acquired from the information providing
device 50. For example, the investigation area determination
unit 130 may set several ranges according to the magnitude
of the change in the ground surface, and set the risk level for
each range. The risk level is, for example, large/medium/
small. Alternatively, in a case where the area determined to
be dangerous and its peripheral area are determined to be a
hazardous area, the investigation area determination unit
130 may increase the risk level of the area determined to be
dangerous relative to the risk level of the peripheral area.

[0088] The investigation area determination unit 130 may
set the priority of the investigation in at least part of the
investigation area using at least one of sensor information
related to the investigation area and a change in the ground
surface. Hereinafter, the priority of the investigation area is
referred to as an “investigation priority”. For example, the
hazardous area and the investigation avoidance area are
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areas where the degree of disaster is likely to be high, and
are areas to be preferentially investigated including the
periphery if possible. Therefore, the investigation area deter-
mination unit 130 may increase the priority of the investi-
gation area adjacent to at least one of the hazardous area and
the investigation avoidance area. Alternatively, the investi-
gation area determination unit 130 may increase the priority
of'the acquisition disabled area or the insufficient acquisition
area. Alternatively, the investigation area determination unit
130 may use the priority (candidate priority) of the candidate
area set by the candidate area extraction unit 110 as the
priority (investigation priority) of the investigation area.
[0089] Alternatively, the investigation area determination
unit 130 may set the priority of the investigation area using
the type of the ground surface. For example, there is a high
possibility that it is difficult for a vehicle or the like to pass
through an area of garbage as compared with an area of mud
having less garbage. Hereinafter, an area of mud having little
garbage (including a case where there is no garbage and a
case where there is a small amount of garbage) is referred to
as an “area of mud”. Therefore, for example, the investiga-
tion area determination unit 130 may set the priority of the
mud area to be higher than the priority of the garbage area.
Alternatively, in a case where the user or the like sets the
priority to at least some types of the ground surface in
advance, the investigation area determination unit 130 may
use the priority of the set type of the ground surface.
[0090] Alternatively, the investigation area determination
unit 130 may set the priority using the sensor information in
the peripheral area of the area where the sensor information
cannot be acquired (acquisition disabled area). For example,
in a case where there is a plurality of investigation areas
including a point where the vehicle has returned in the
acquisition of the sensor information, the investigation area
determination unit 130 may determine the degree of disaster
at each returning point using an image at the returning point,
and set a priority to the investigation area based on the
degree of disaster.

[0091] Alternatively, the investigation area determination
unit 130 may set the priority using the additional informa-
tion included in the sensor information. For example, the
investigation area determination unit 130 may set the pri-
ority using the comment of the operator included in the
sensor information. For example, the comment of the opera-
tor included in the sensor information may include a com-
ment related to necessity of investigation such as necessity
of investigation, necessity of reinvestigation, and non-ne-
cessity of investigation. Alternatively, the investigation area
determination unit 130 may determine the disaster-stricken
state of the road using the sensor information, and set the
priority according to the disaster-stricken state of the road.
For example, the investigation area determination unit 130
may determine how much the road surface is destroyed, and
set the priority according to the disaster-stricken state of the
road. Alternatively, the investigation area determination unit
130 may use the priority set for each reason that the vehicle
cannot pass through an impassable road. For example, the
investigation area determination unit 130 may use the pri-
ority set for each of flooding, cracking, depressions, fallen
trees, and the like, which are reasons for impassability. In
this case, the user or the like may set the priority in the
investigation area determination device 10 in advance.
[0092] Furthermore, the investigation area determination
unit 130 may determine at least one of the type of a disaster
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and the disaster range using at least one of the sensor
information and the change in the ground surface. For
example, the sensor information may include information
that can be used to determine the type of a disaster. For
example, the information that can be used to determine the
type of a disaster may be the water surface of the flood in the
image. Therefore, the investigation area determination unit
130 may determine the type of a disaster using the sensor
information. For example, in a case where the image
acquired as the sensor information includes the water sur-
face of the flood, the investigation area determination unit
130 may determine that the type of a disaster is the flood
using the image. The water surface of the flood may be, for
example, flooding of a road. Furthermore, in a case where
images that are a plurality of pieces of sensor information
includes flooding of a road, the investigation area determi-
nation unit 130 may determine the range of the flood using
the positions of the pieces of sensor information.

[0093] Alternatively, a change in acceleration caused by
an earthquake is often different from a change in accelera-
tion caused by traveling of the vehicle. Therefore, the
investigation area determination device 10 may determine
the occurrence of an earthquake using the acceleration
acquired by the dashcam 20. Further, the investigation area
determination unit 130 may acquire the acceleration from
each of the plurality of dashcams 20, and determine the
approximate position of the seismic source and the seismic
intensity using the detection time and the magnitude of the
acquired acceleration and the position of each dashcam 20.
Then, the investigation area determination unit 130 may
determine the disaster range using the position of the seismic
source and the seismic intensity.

[0094] The type of a disaster determined by the investi-
gation area determination unit 130 is not limited. For
example, the disaster is a sediment disaster or a flood
damage. For example, the sediment disaster is a slope
collapse, a mountain collapse, a rock collapse, a debris flow,
a land slide, or the like. Alternatively, the flood damage is a
flood, a flood of a river, water immersion, a high tide, a
tsunami, or the like. Alternatively, the disaster is an earth-
quake and a disaster caused by an earthquake, or a volcanic
eruption and a disaster caused by the volcanic eruption. The
disaster caused by the earthquake is a tsunami, building
collapse, fire occurrence, soil collapse, a liquefaction phe-
nomenon, or the like. The disaster caused by the volcanic
eruption is a volcanic rock, a pyroclastic flow, a snowy
volcanic mud flow, a lava flow, volcanic ash, volcanic gas,
or the like. However, the disaster may be not only a natural
disaster such as a sediment disaster, a flood damage, an
earthquake, or a volcanic eruption, but also a human disaster
such as a fire, a traffic accident, a factory explosion, or an
explosive terrorism.

[0095] Then, the investigation area determination unit 130
outputs the determined investigation area to the area output
unit 140. The investigation area determination unit 130 may
output the priority (investigation priority) of the investiga-
tion area in association with the investigation area. The
investigation area determination unit 130 may output the
hazardous area. The investigation area determination unit
130 may output the risk level in association with the
hazardous area. The investigation area determination unit
130 may output at least one of the type of a disaster and the
range of disaster. Further, the investigation area determina-
tion unit 130 may output sensor information related to at
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least one of the investigation area and the hazardous area.
Furthermore, the investigation area determination unit 130
may output a change in the ground surface related to at least
one of the investigation area and the hazardous area. The
change in the ground surface may include a type of ground
surface. The investigation area determination unit 130 may
further output a candidate area.

[0096] At least one of the candidate area extraction unit
110, the ground surface information acquisition unit 120,
and the investigation area determination unit 130 may use
predetermined image recognition. In the present example
embodiment, the image recognition is not limited. For
example, the image recognition includes recognition using a
determination model, recognition using another method, and
recognition combining them. For example, the user or the
like executes machine training using information collected
in advance as teacher data, and generates a determination
model for extracting a candidate area as a result of the
machine training. The information collected in advance is,
for example, an image of a road or an SAR image. Then, the
user or the like stores the generated determination model in
the investigation area determination device 10.

[0097] Then, for example, in a case where a determination
model generated using the sensor information is stored, the
candidate area extraction unit 110 applies the acquired
sensor information to the stored determination model to
extract a candidate area. The sensor information is, for
example, an image of a road. Alternatively, when a deter-
mination model generated using the SAR image is stored,
the ground surface information acquisition unit 120 applies
the acquired SAR image to the stored determination model
to acquire a change in the ground surface. Alternatively, in
a case where a determination model generated using a
change in the ground surface is stored, the investigation area
determination unit 130 applies a change in the ground
surface related to the candidate area to the stored determi-
nation model to determine the investigation area.

[0098] Furthermore, in the case of using image recogni-
tion, at least one of the candidate area extraction unit 110,
the ground surface information acquisition unit 120, and the
investigation area determination unit 130 may calculate the
certainty of the result of image recognition. Furthermore, at
least one of the candidate area extraction unit 110, the
ground surface information acquisition unit 120, and the
investigation area determination unit 130 may determine the
rank of the calculated certainty. The rank is, for example, a
high/medium/low certainty. Then, at least one of the candi-
date area extraction unit 110, the ground surface information
acquisition unit 120, and the investigation area determina-
tion unit 130 may output at least one of the certainty and the
rank together with the investigation area to the area output
unit 140.

[0099] The area output unit 140 outputs the investigation
area determined by the investigation area determination unit
130. The area output unit 140 may output the priority
(investigation priority) of the investigation area together
with the investigation area. Further, the area output unit 140
may output the investigation area in association with the
map information. For example, the area output unit 140 may
acquire the hazard map from the information providing
device 50 to output the investigation area in association with
the hazard map. Alternatively, the area output unit 140 may
further acquire information about a structure requiring atten-
tion at the time of investigation in the investigation area, and
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output the information in association with the investigation
area. For example, structures that require attention at the
time of investigation may include the inlet and outlet of a
tunnel, a bridge, and a building that may fall. The building
that may fall may include, for example, a bronze statue and
a bulletin board.

[0100] In the output of the investigation area, the area
output unit 140 may output at least one of sensor information
and a change in the ground surface related to the investiga-
tion area in association with each other. For example, the
sensor information may be an image. Alternatively, the area
output unit 140 may output the measurement time of the
measurement result made by the SAR 30 that has analyzed
the change in the ground surface. Measurement by the SAR
30 may have an acquisition cycle longer than that of sensor
information by the dashcam 20. Therefore, the investigation
area determination device 10 may output the acquisition
time (or measurement time) for acquiring the measurement
result made by the SAR 30 as temporal information related
to the determination of the investigation area for the user or
the like.

[0101] The area output unit 140 may output disaster
information related to the investigation area. For example, in
the case of a flood, the area output unit 140 may output the
amount of rainfall at each point including the upstream of
the river acquired from a predetermined device in associa-
tion with the investigation area. For example, the amount of
rainfall may be a change in the amount of rainfall from the
past, a transition of the total amount of rainfall from the
beginning of the precipitation, and the like.” The area output
unit 140 may output not only rain but also other weather
information in association with the investigation area. The
weather information may be, for example, information
related to snow or the like. Alternatively, in the case of an
earthquake, the area output unit 140 may acquire a seismic
source, seismic intensity in each of different areas, and an
occurrence situation of an aftershock from an organization
providing earthquake information, and output them in asso-
ciation with the investigation area. Alternatively, in the case
of'a wide-area fire, the area output unit 140 may acquire the
fire spreading range, the wind direction, the wind volume,
and the like, and output them in association with the
investigation area. Alternatively, the area output unit 140
may acquire the situation of the social infrastructure to
output the situation in association with the investigation
area. The situation of the social infrastructure may be, for
example, a situation of a power outage, a water outage, or a
supply stop of city gas. Alternatively, when the investigation
area determination unit 130 determines the possibility of the
secondary disaster, the area output unit 140 may output the
determined possibility of the secondary disaster in associa-
tion with the investigation area.

[0102] The area output unit 140 may output the hazardous
area. The area output unit 140 may output the risk level in
association with the hazardous area. Alternatively, the area
output unit 140 may output information output in association
with the above-described investigation area in association
with the hazardous area. For example, the area output unit
140 may output the disaster information in association with
the hazardous area. Furthermore, the area output unit 140
may output a change in the ground surface related to at least
one of the hazardous area and its peripheral area.

[0103] Furthermore, the area output unit 140 may output
sensor information related to at least one of the hazardous
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area and its peripheral area. The hazardous area is, for
example, an area which a vehicle or the like cannot enter due
to an obstacle or the like. Therefore, in many cases, the
dashcam 20 mounted on the vehicle has not been able to
acquire the sensor information in the hazardous area. How-
ever, there is a case where the dashcam 20 mounted on the
vehicle may be able to acquire the sensor information in the
peripheral area of the hazardous area. Alternatively, a fixed
camera or the like installed on a rooftop of a building or the
like may be able to acquire sensor information about a
hazardous area or the periphery of the hazardous area.
Therefore, when acquiring the sensor information related to
at least one of the hazardous area and its peripheral area, the
area output unit 140 may output the sensor information
related to at least one of the hazardous area and its peripheral
area. In this case, the user or the like can grasp the situation
of the hazardous area or the like by referring to the output
sensor information.

[0104] The investigation area determination device 10
may acquire information related to at least one of the
investigation area and the hazardous area from a predeter-
mined device to store it. For example, the display device 40
may display sensor information about at least one of the
investigation area and the hazardous area and acquire a
comment on at least one of the investigation area and the
dangerous information from the user. In this case, the
investigation area determination device 10 may acquire the
comment on at least one of the investigation area and the
hazardous area from the display device 40, and store the
comment in association with at least one of the investigation
area and the hazardous area. Then, in a case where the
comment is requested, the investigation area determination
device 10 may output the comment in association with at
least one of the investigation area and the hazardous area.

[0105] Then, the display device 40 displays the informa-
tion output by the area output unit 140. The display device
40 may change information to be displayed in response to a
request from the user. For example, the display device 40
first displays the investigation area. Then, the display device
40 may appropriately display at least one of the priority
(investigation priority) of the investigation area, the hazard-
ous area, the risk level of the hazardous area, the candidate
area, the non-acquisition area, the change in the ground
surface, and the sensor information in response to the
request from the user or the like. Alternatively, when the
investigation area determination device 10 uses the deter-
mination model, the display device 40 may display the
certainty or the rank of the determination using the deter-
mination model in response to a request from the user or the
like. At this time, the display device 40 may make a request
of the investigation area determination device 10 for the
information to be displayed, or may acquire the information
in advance and change the display in response to the request.

[0106] Next, an operation of the investigation area deter-
mination device 10 according to the first example embodi-
ment will be described with reference to the drawings. FIG.
5 is a flowchart illustrating an example of the operation of
the investigation area determination device 10 according to
the first example embodiment. The candidate area extraction
unit 110 extracts a candidate area for investigation of a
disaster situation using the sensor information acquired by
the dashcam 20 (step S201). The ground surface information
acquisition unit 120 acquires a ground surface change that is
a result of an analysis using the measurement result made by
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the SAR 30 in the candidate area (step S202). The investi-
gation area determination unit 130 determines an investiga-
tion area for investigation of a disaster situation in a candi-
date area using a ground surface change (step S203). Then,
the area output unit 140 outputs the investigation area to a
predetermined device (step S204). The predetermined
device is, for example, the display device 40.

[0107] The investigation area determination device 10
configured as described above can determine an appropriate
investigation area. The reason is as follows. The investiga-
tion area determination device 10 includes the candidate
area extraction unit 110, the ground surface information
acquisition unit 120, and the investigation area determina-
tion unit 130. The candidate area extraction unit 110 extracts
a candidate area for investigation of a disaster situation
using the sensor information acquired by the sensor infor-
mation acquisition device. The ground surface information
acquisition unit 120 acquires a ground surface change that is
a result of an analysis using the measurement result made by
the ground surface measurement device in the candidate
area. The investigation area determination unit 130 deter-
mines the investigation area for investigation of the disaster
situation in the candidate area using the ground surface
change. The sensor information acquisition device is, for
example, the dashcam 20. The acquired sensor information
is, for example, an image. The ground surface measurement
device is, for example, the SAR 30. The measurement result
is, for example, an SAR image.

[0108] The determination using the sensor information
acquired by the sensor information acquisition device such
as the dashcam 20 has sufficient accuracy in the determina-
tion of the disaster situation, from several centimeters to
several tens of centimeters. Therefore, the investigation area
determination device 10 can extract a candidate area for
investigation within an appropriate accuracy range using the
sensor information. The ground surface measurement device
such as the SAR 30 can measure an area where a disaster has
occurred. Therefore, the investigation area determination
device 10 can determine an appropriate area as the investi-
gation area including the area where the sensor information
cannot be acquired using the ground surface change. For
example, since the technique described in PTL 2 uses an
image captured by an imaging unit mounted on a vehicle, an
image for determination cannot be acquired for an area
where the vehicle cannot pass. However, using a change in
the ground surface that is a result of analysis on the
measurement result acquired from the SAR 30, the investi-
gation area determination device 10 can determine an area
appropriate as an investigation area, including an area where
sensor information cannot be acquired.

[0109] The candidate area may include a non-acquisition
area where sensor information used for extraction of the
candidate area is not acquired. The non-acquisition area is an
area where sensor information is not acquired, and is an area
where acquisition of new sensor information is desired.
Therefore, the investigation area determination device 10
can extract an appropriate candidate area using the non-
acquisition area. The candidate area may include an area
where the sensor information in the non-acquisition area
cannot be acquired (acquisition disabled area). The acqui-
sition disabled area is an area where there is a high possi-
bility that a disaster has occurred. Therefore, the investiga-
tion area determination device 10 can extract an appropriate
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candidate area by including an area (acquisition disabled
area) where the sensor information cannot be acquired.
[0110] Further, the candidate area may be an area where
the mobile body on which the sensor information acquisition
device is mounted can move. The sensor information acqui-
sition device is, for example, the dashcam 20. The mobile
body is, for example, a vehicle. In this case, the investigation
area determination device 10 can determine a candidate area
where the sensor information can be acquired using the
mobile body on which the sensor information acquisition
device is mounted. The investigation area is an area deter-
mined from the candidate area. That is, the investigation area
determination device 10 can determine the investigation area
that can be investigated using the mobile body. As a result,
the user or the like can quickly execute the investigation
while reducing the investigation load using the mobile body.
[0111] Furthermore, the mobile body on which the sensor
information acquisition device is mounted may be a vehicle.
The sensor information acquisition device is, for example,
the dashcam 20. In this case, the investigation area deter-
mination device 10 can determine the investigation area
where the vehicle can travel. As a result, the user or the like
can execute the investigation more quickly using the
vehicle. For example, in a case where the dashcam 20
mounted on the vehicle is used as road condition monitoring
in a normal state, the user can conduct an investigation such
as acquisition of sensor information without requiring prepa-
ration work or the like. The sensor information may include
at least one of an image, a speed, acceleration, and a
distance. These pieces of information are easily acquired
using a general sensor information acquisition device. The
sensor information acquisition device is, for example, the
dashcam 20. Therefore, the investigation area determination
device 10 can determine an investigation area that can be
investigated using information that can be easily acquired.
The ground surface measurement device may be a synthetic
aperture radar. The synthetic aperture radar is, for example,
the SAR 30. Currently, a plurality of available synthetic
aperture radars is in operation. Therefore, the investigation
area determination device 10 can appropriately acquire the
change in the ground surface using the measurement result
of the measurement period.

[0112] The candidate area extraction unit 110 may extract
a candidate area using disaster information. In this case, the
investigation area determination device 10 can extract a
candidate area in consideration of the disaster information in
addition to the sensor information. The disaster information
may be information including at least one of a rainfall range,
an amount of rainfall, rain cloud information, a wind direc-
tion, a wind volume, a seismic source, seismic intensity, a
situation of an aftershock, a power outage, a water outage,
a map related to a disaster, a disaster range, a secondary
disaster, and past disaster information. These pieces of
information are information appropriate as disaster informa-
tion.

[0113] The investigation area determination unit 130 may
determine an investigatable area using a ground surface
change, and determine an investigatable area based on the
investigation area and the candidate area. In this case, even
when the candidate area is different from the range of the
SAR image that can be acquired, the investigation area
determination device 10 can determine the investigatable
area as the investigation area. The investigation area deter-
mination unit 130 may set a priority (investigation priority)
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in the investigation area using at least one of the ground
surface change and the sensor information. In this case, the
user or the like can create an investigation plan or the like
using the priority of the investigation area. That is, the
investigation area determination device 10 can improve the
convenience of the user. The investigation area determina-
tion unit 130 may determine the investigation area using the
type of the ground surface. In this case, the investigation
area determination device 10 can more accurately determine
the investigation area.

[0114] The investigation area determination unit 130 may
determine a hazardous area that is an area where it is better
to avoid investigation using at least one of the ground
surface change and the sensor information. The user or the
like can use the hazardous area to investigate safety in the
investigation. That is, the investigation area determination
device 10 can determine the information contributing to the
improvement of the safety of the user based on the above
configuration. An area where the ground surface change is
larger than a predetermined value and an area where the
sensor information includes information related to danger
are areas that are highly likely to be dangerous. Therefore,
the investigation area determination device 10 may deter-
mine at least one of an area where the ground surface change
is larger than a predetermined value and an area where the
sensor information includes information related to danger as
the hazardous area. In this case, the investigation area
determination device 10 can determine an area assumed to
have a high risk as a hazardous area.

[0115] The investigation area determination unit 130 may
determine the risk level of the hazardous area using at least
one of the ground surface change and the sensor informa-
tion. For example, in a case where there is a plurality of
hazardous areas, the user or the like can compare the
hazardous areas using the risk level. In this manner, the
investigation area determination device 10 can determine the
risk level which is information for comparing the hazardous
areas. Furthermore, the investigation area determination unit
130 may determine the hazardous area using the type of the
ground surface. In this case, the investigation area determi-
nation device 10 can determine the hazardous area more
accurately.

[0116] The investigation area determination unit 130 may
determine the type of a disaster using at least one of the
sensor information and the ground surface change. In this
case, the investigation area determination device 10 can
determine the type of a disaster in the investigation area.
Alternatively, the investigation area determination unit 130
may determine the disaster range using at least one of the
sensor information acquired in the investigation area and the
ground surface change. In this case, the investigation area
determination device 10 can determine the range of disaster
in the investigation area. In this manner, the investigation
area determination device 10 can determine at least one of
the type and the range of the disaster as the information
related to the disaster using at least one of the sensor
information and the ground surface change.

[0117] The investigation area determination device 10
may include the area output unit 140 that outputs the
investigation area. In this case, the investigation area deter-
mination device 10 can provide the investigation area to a
predetermined device. The area output unit 140 may output
the investigation area and the hazardous area. In this case,
the investigation area determination device 10 can provide
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the user with the hazardous area as the additional informa-
tion related to the danger in the investigation. For example,
the user or the like can go to the investigation area while
avoiding the hazardous area.

[0118] The area output unit 140 may output the investi-
gation area and the priority (investigation priority) of the
investigation area. In this case, the investigation area deter-
mination device 10 can provide the user or the like with a
priority that is effective information for proceeding with the
investigation. For example, the user may start the investi-
gation from an area having a high priority among the
investigation areas. The area output unit 140 may output the
investigation area and the non-acquisition area. Also in this
case, the investigation area determination device 10 can
provide the user or the like with a non-acquisition area that
is effective information for proceeding with the investiga-
tion. For example, the user may start the investigation from
a non-acquisition area among the investigation areas. In this
manner, the investigation area determination device 10 may
provide the user with effective information.

[0119] The area output unit 140 may output sensor infor-
mation in the investigation area. Alternatively, the area
output unit 140 may output a ground surface change in the
investigation area. In these cases, the investigation area
determination device 10 can provide the user or the like with
effective information related to the investigation area. For
example, the user may check the state of the investigation
area before the investigation by referring to at least one of
the sensor information and the ground surface change. The
user may check an image or the like related to the investi-
gation area before the investigation, and then investigate
whether it is necessary to perform the investigation. For
example, the user may check the image related to the
investigation area before the investigation and stop the
investigation when the user determines that it is difficult to
conduct the investigation.

[0120] Alternatively, the area output unit 140 may output
the candidate area. The candidate area is an area to be a
candidate for an investigation area to be investigated using
the sensor information. Then, the investigation area is an
area determined to be investigatable in the candidate area
based on a change in the ground surface. On the other hand,
a candidate area that has not been determined to be an
investigation area is an area that has not been determined to
be investigatable based on a change in the ground surface.
For example, in a case where the investigation area deter-
mination unit 130 determines, based on a change in the
ground surface, an area having a low risk associated with a
disaster as the investigation area, a candidate area that has
not been determined to be investigatable is an area having a
high risk associated with a disaster. For example, an inves-
tigation area whose surroundings are entirely surrounded by
candidate areas is an area (that is, a highly hazardous area)
where all candidate areas around the investigation area have
been determined not to be investigatable. In this way, when
the candidate area and the investigation area are used, for
example, the user can grasp that the investigation area whose
periphery is entirely surrounded by the candidate area is an
area inappropriate for investigation (that is, a highly haz-
ardous area) in the periphery of the investigation area. For
example, when the user goes to the investigation area, the
user is required to pay attention to a disaster state or the like
in the periphery of the investigation area. In this manner, the
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investigation area determination device 10 may provide the
user with a candidate area that is effective information.

[0121] The area output unit 140 may output the measure-
ment time of the measurement result used to analyze the
ground surface change used to determine the investigation
area. The measurement result is, for example, an SAR
image. For example, the update cycle of the measurement of
the SAR 30 may be long to some extent. The user or the like
can determine validity or the like of the determined inves-
tigation area with reference to the measurement time. The
area output unit 140 may output disaster information related
to the investigation area. In this case, the investigation area
determination device 10 can provide the user or the like with
disaster information related to the investigation area. The
user or the like can determine whether to perform an
investigation with reference to the disaster information.

[0122] The investigation area determination system 80
includes the investigation area determination device 10, the
sensor information output device, the ground surface mea-
surement device, and the display device 40. The sensor
information output device is, for example, the dashcam 20.
The ground surface measurement device is, for example, the
SAR 30. The investigation area determination device 10
operates as described above. The sensor information output
device outputs the sensor information to the investigation
area determination device 10. The ground surface measure-
ment device outputs a measurement result to the investiga-
tion area determination device 10. The display device 40
acquires the investigation area from the investigation area
determination device 10 to display it. The investigation area
determination system 80 configured as described above can
provide the user or the like with an appropriate investigation
area.

[0123] Next, a hardware configuration of the investigation
area determination device 10 will be described. Each com-
ponent of the investigation area determination device 10
may be configured by a hardware circuit. Alternatively, in
the investigation area determination device 10, each com-
ponent may be configured using a plurality of devices
connected via a network. For example, the investigation area
determination device 10 may be configured using cloud
computing. Alternatively, in the investigation area determi-
nation device 10, the plurality of components may be
configured by one piece of hardware. Alternatively, the
investigation area determination device 10 may be achieved
as a computer device including a central processing unit
(CPU), a read only memory (ROM), and a random access
memory (RAM). In addition to the above configuration, the
investigation area determination device 10 may be achieved
as a computer device including a network interface circuit
(NIC).

[0124] FIG. 6 is a block diagram illustrating an example of
a hardware configuration of the investigation area determi-
nation device 10. The investigation area determination
device 10 includes a CPU 610, a ROM 620, a RAM 630, a
storage device 640, and an NIC 650, and constitutes a
computer device. The CPU 610 reads a program from at
least one of the ROM 620 and the storage device 640. Then,
the CPU 610 controls the RAM 630, the storage device 640,
and the NIC 650 based on the read program. Then, the
computer including the CPU 610 controls the configuration,
and implements functions as the candidate area extraction
unit 110, the ground surface information acquisition unit
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120, the investigation area determination unit 130, and the
area output unit 140 illustrated in FIG. 1.

[0125] When implementing each function, the CPU 610
may use at least one of the RAM 630 and the storage device
640 as a temporary storage medium of a program and data.
The CPU 610 may read the program included in a recording
medium 690 storing the program in a computer readable
manner using a recording medium reading device (not
illustrated). Alternatively, the CPU 610 may receive a pro-
gram from an external device (not illustrated) via the NIC
650, store the program in at least one of the RAM 630 and
the storage device 640, and operate based on the stored
program.

[0126] The ROM 620 stores programs executed by the
CPU 610 and fixed data. The ROM 620 is, for example, a
programmable-ROM (P-ROM) or a flash ROM. The RAM
630 temporarily stores at least one of a program executed by
the CPU 610 and data. The RAM 630 is, for example, a
dynamic-RAM (D-RAM). The storage device 640 stores
data and programs to be stored for a long time by the
investigation area determination device 10. The storage
device 640 may operate as a temporary storage device of the
CPU 610. The storage device 640 is, for example, a hard
disk device, a magneto-optical disk device, a solid state
drive (SSD), or a disk array device.

[0127] The ROM 620 and the storage device 640 are
non-transitory recording media. On the other hand, the RAM
630 is a transitory recording medium. The CPU 610 is
operable based on a program stored in at least one of the
ROM 620, the storage device 640, and the RAM 630. That
is, the CPU 610 can operate using at least one of a non-
volatile recording medium and a volatile recording medium.
[0128] The NIC 650 relays exchange of data with an
external device (not illustrated) via a network. The NIC 650
is, for example, a local area network (LAN) card. Further-
more, the NIC 650 is not limited to use wired communica-
tion, but may use wireless communication. The investigation
area determination device 10 configured as described above
can acquire an effect similar to that of the investigation area
determination device 10 in FIG. 1. This is because the CPU
610 of the investigation area determination device 10 can
implement a function similar to that of the investigation area
determination device 10 in FIG. 1 based on the program.

Second Example Embodiment

[0129] Next, the second example embodiment will be
described with reference to the drawings. FIG. 7 is a block
diagram illustrating an example of a configuration of an
investigation area determination system 82 according to the
second example embodiment. The investigation area deter-
mination system 82 includes the same configuration as the
investigation area determination system 80 except that an
investigation area determination device 12 is included
instead of the investigation area determination device 10.
Therefore, detailed description of configurations other than
the investigation area determination device 12 will be omit-
ted.

[0130] The investigation area determination device 12
includes an investigation area determination unit 132 instead
of the investigation area determination unit 130, and further
includes a disaster range prediction unit 150. The candidate
area extraction unit 110 and the ground surface information
acquisition unit 120 operate as in the first example embodi-
ment. The investigation area determination unit 132 operates
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as in the investigation area determination unit 130 except
that the prediction by the disaster range prediction unit 150
is used. Furthermore, the area output unit 140 operates as in
the area output unit 140 of the first example embodiment
except that the operation results of the investigation area
determination unit 132 and the disaster range prediction unit
150 are output. Therefore, the description similar to that of
the first example embodiment will be omitted as appropriate,
and the disaster range prediction unit 150 will be mainly
described below. The investigation area determination
device 12 may be configured using the hardware illustrated
in FIG. 6.

[0131] The disaster range prediction unit 150 predicts a
disaster range in a predetermined time using the history of
the change in the ground surface acquired by the ground
surface information acquisition unit 120. The history is time
series information. For example, in a case where a disaster
is a flood, a range in which a change in the ground surface
is larger than a threshold value can be generally regarded as
a disaster range in many cases. The disaster range is, for
example, a flood range. That is, a range in which the change
in the ground surface is larger than a predetermined thresh-
old value is often a disaster range. Therefore, the disaster
range prediction unit 150 predicts a change in the ground
surface at a predetermined time point using the history of the
change in the ground surface, and predicts a disaster range
at the time point using the predicted change in the ground
surface. The configuration for storing the history of the
change in the ground surface is any configurations. For
example, the disaster range prediction unit 150 may store the
change in the ground surface acquired by the ground surface
information acquisition unit 120 as a history. Alternatively,
a storage unit (not illustrated) may store a history of the
change in the ground surface. Alternatively, an external
device (not illustrated) may store a history of the change in
the ground surface.

[0132] Further, the disaster range prediction unit 150 may
predict the disaster range using the history of the sensor
information acquired by the candidate area extraction unit
110 in addition to the history of the change in the ground
surface or instead of the history of the change in the ground
surface. The configuration for storing the history of the
sensor information is any configurations. For example, the
disaster range prediction unit 150 may store the sensor
information acquired by the candidate area extraction unit
110 as a history. Alternatively, a storage unit (not illustrated)
may store the history of the sensor information. Alterna-
tively, an external device (not illustrated) may store the
history of the sensor information.

[0133] The method used by the disaster range prediction
unit 150 to predict the disaster range is not limited. For
example, the disaster range prediction unit 150 may predict
the disaster range by applying a predetermined statistical
prediction method to at least one of the history of the change
in the ground surface and the history of the sensor informa-
tion. The statistical prediction method is, for example, an
autoregressive model, a moving average method, or an
exponential average method. Alternatively, the disaster
range prediction unit 150 may use a prediction model
generated using machine training with at least one of the past
change in the ground surface and the sensor information as
teacher data. Furthermore, the disaster range prediction unit
150 may predict at least one of the occurrence time of the
secondary disaster and the range of the secondary disaster in
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addition to the disaster range based on at least one of the
history of the change in the ground surface and the history
of the sensor information.

[0134] The disaster range prediction unit 150 may predict
the disaster range using the history of the type of the ground
surface in addition to the history of the change in the ground
surface. The type of the ground surface is, for example, a
water surface. The disaster range is, for example, a flood
range. Alternatively, the disaster range prediction unit 150
may predict the disaster range using the disaster information
in addition to the history of the change in the ground surface.
Alternatively, the disaster range prediction unit 150 may use
information related to the land such as altitude, topography,
and geology of each place in the prediction.

[0135] The disaster range prediction unit 150 may change
the method used for predicting the disaster range according
to the type of a disaster. The type of a disaster is, for
example, a flood or an earthquake. For example, in the case
of a flood, the disaster range is a range flooded by the flood.
Therefore, the disaster range prediction unit 150 predicts the
disaster range based on the history of the change in the
ground surface (and the history of the type of the ground
surface when available). For example, a disaster range is a
flood range. On the other hand, regarding the damage on the
road surface in the case of the earthquake, the progress of the
disaster and the recovery are different in relation to not only
the change in the ground surface but also the disaster-
stricken state of the road surface in the earthquake. The
disaster-stricken state of the road surface is, for example, a
state of cracking and depressions. Therefore, in the case of
an earthquake, the disaster range prediction unit 150 may
predict the disaster range using the damage situation of the
road surface predicted based on the history of the sensor
information in addition to the prediction of the change in the
ground surface determined based on the history of the
change in the ground surface. The disaster range is, for
example, a disaster range of a road.

[0136] The investigation area determination unit 132
determines the investigation area at the time of prediction
using the predicted disaster range. More specifically, using
the predicted disaster range at a predicted predetermined
time point, the investigation area determination unit 132
determines the investigation area at that time point. The
investigation area determination unit 132 may determine the
investigation area using at least one of the predicted occur-
rence time of the secondary disaster and the range of the
secondary disaster.

[0137] FIG. 8 is a diagram for describing an investigation
area based on a prediction of a disaster range. FIG. 8
illustrates the disaster range predicted by the disaster range
prediction unit 150 after a predetermined time from FIG. 4.
After the predetermined time is, for example, 12 hours later.
The disaster range is, for example, a range in which a change
in the ground surface is large. As illustrated in FIG. 8, the
disaster range prediction unit 150 predicts that the disaster
range after the predetermined time is narrower than the
range in FIG. 4. As a result, the lower section of the road in
the up-down direction on the right side and the second
section from the right of the road in the left-right direction
on the lower side are out of the range where the change in
the ground surface is large. As a result, the investigation area
determination unit 132 determines the two sections as the
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investigation area. In FIG. 8, these two sections are referred
to as “prediction investigation areas” for easy understand-
ing.

[0138] In a case where the investigation area includes a
road, the disaster range prediction unit 150 may predict the
time for recovery of passage of the road using at least one
of the history of the change in the ground surface and the
history of the sensor information. For example, the disaster
range prediction unit 150 predicts the possibility of the
recovery status of the passage of the road based on the
prediction of the change in the ground surface predicted
using the history of the change in the ground surface and the
state of the road predicted using the history of the sensor
information. Then, the disaster range prediction unit 150
may set a time point at which the possibility of the prediction
is higher than a predetermined value as the time for recovery.
Further, the disaster range prediction unit 150 may acquire
information related to a road recovery work such as a
recovery plan by a local government from a predetermined
device, and predict a time for recovery of the road using the
acquired information related to the recovery work. The
recovery plan is not particularly limited. For example, when
the damage is a fallen tree, the recovery plan may be a tree
fall removal plan. Alternatively, when the damage is a crack
in the road, the recovery plan may be a road repair plan.
Alternatively, when the damage is the depression of the road,
the recovery plan may be a road repair plan.

[0139] The investigation area determination unit 132 may
create an acquisition plan for the sensor information based
on the predicted time for recovery of the road. For example,
in a case where there is an area where recovery of the road
is predicted in an area where the sensor information cannot
be acquired because the road is closed at the current time, the
investigation area determination unit 132 may create an
acquisition plan of the sensor information using the pre-
dicted time for recovery. When the disaster range prediction
unit 150 predicts the possibility of occurrence of a secondary
disaster, the investigation area determination unit 130 may
create an acquisition plan of sensor information in the
investigation area using the prediction of the secondary
disaster. For example, the investigation area determination
unit 130 may create an acquisition plan in such a way as to
avoid the secondary disaster. Furthermore, the investigation
area determination unit 132 may create another plan using
the predicted time for recovery of the road. The another plan
is, for example, a distribution plan for predetermined sup-
plies.

[0140] Next, an operation of the investigation area deter-
mination device 12 according to the second example
embodiment will be described with reference to the draw-
ings. FIG. 9 is a flowchart illustrating an example of the
operation of the investigation area determination device 12
according to the second example embodiment. The candi-
date area extraction unit 110 extracts a candidate area for
investigation of a disaster situation using the sensor infor-
mation acquired by the dashcam 20 (step S201). The ground
surface information acquisition unit 120 acquires a ground
surface change that is a result of an analysis using the
measurement result made by the SAR 30 in the candidate
area (step S202). The disaster range prediction unit 150
predicts a disaster range at a predetermined time point using
a history of the change in the ground surface (step S215).
The investigation area determination unit 132 determines an
investigation area at a predetermined time point using the
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predicted disaster range (step S216). Then, the area output
unit 140 outputs the investigation area at the predetermined
time point to a predetermined device (step S204). The
predetermined device is, for example, the display device 40.
As in the operation described with reference to FIG. 5, the
investigation area determination unit 132 may determine the
investigation area after step S202.

[0141] The investigation area determination device 12
according to the second example embodiment can provide
an investigation area at a predetermined time point in
addition to the effects of the first example embodiment. The
reason is as follows. Unlike the investigation area determi-
nation device 10, the investigation area determination device
12 includes an investigation area determination unit 132
instead of the investigation area determination unit 130, and
further includes the disaster range prediction unit 150. The
disaster range prediction unit 150 predicts a disaster range at
a predetermined time point in the future using a history of a
ground surface change. The investigation area determination
unit 132 determines an investigation area at a predetermined
time point using the predicted disaster range. In this manner,
the investigation area determination device 12 can predict
the investigation area at the predetermined time point using
the above configuration.

[0142] The disaster range prediction unit 150 may predict
the disaster range using the history of the sensor informa-
tion. In this case, the investigation area determination device
12 can make more accurate prediction using the history of
the sensor information. The disaster range prediction unit
150 may predict the occurrence time of a secondary disaster.
Further, the disaster range prediction unit 150 may predict
the range of the secondary disaster. Secondary disasters
affect disaster recovery. That is, the investigation area deter-
mination device 12 can provide information related to a
secondary disaster in the future as information related to
recovery from a disaster. The disaster range prediction unit
150 may predict a disaster range using disaster information.
In this case, the investigation area determination device 12
can make more accurate prediction related to the disaster.
[0143] The disaster range prediction unit 150 may predict
a time for recovery of passage of a road in the investigation
area. Further, the investigation area determination unit 132
may create an acquisition plan of the sensor information
using the time for recovery. In this case, the investigation
area determination device 12 can create an acquisition plan
of the sensor information in consideration of the predicted
time for recovery of the road. The investigation area deter-
mination unit 132 may create a distribution plan for prede-
termined supplies using the time for recovery. In this case,
the investigation area determination device 12 can create a
distribution plan for supplies in consideration of the time for
recovery.

[0144] The area output unit 140 may output the investi-
gation area and the predicted disaster range. In this case, the
investigation area determination device 12 can provide the
user or the like with the predicted disaster range in addition
to the investigation area. The area output unit 140 may
output the investigation area and the acquisition plan. In this
case, the investigation area determination device 12 can
provide the user or the like with an acquisition plan in
consideration of the predicted disaster range. The area
output unit 140 may output the investigation area and the
distribution plan. In this case, the investigation area deter-
mination device 12 can provide the user or the like with a
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distribution plan for predetermined supplies in consideration
of the predicted disaster range.

Third Example Embodiment

[0145] Instead of outputting the determined investigation
area, the investigation area determination device 10 may
store it in a storage unit (not illustrated) to output it in
response to a request from the user or the like. Alternatively,
the investigation area determination device 10 may include
a display unit (not illustrated) to display the investigation
area on the display unit. In these cases, the investigation area
determination device 10 may not include the area output unit
140. Therefore, as the third example embodiment, the above
case will be described.

[0146] FIG. 10 is a block diagram illustrating an example
of a configuration of an investigation area determination
device 13 according to the third example embodiment. The
investigation area determination device 13 includes the
candidate area extraction unit 110, the ground surface infor-
mation acquisition unit 120, and the investigation area
determination unit 130. The candidate area extraction unit
110 extracts a candidate area for investigation of a disaster
situation using the sensor information acquired by the sensor
information acquisition device. The sensor information
acquisition device is, for example, the dashcam 20. The
ground surface information acquisition unit 120 acquires a
ground surface change that is a result of an analysis using the
measurement result made by the ground surface measure-
ment device in the candidate area. The ground surface
measurement device is, for example, the SAR 30. The
investigation area determination unit 130 determines the
investigation area for investigation of the disaster situation
in the candidate area using the ground surface change. The
investigation area determination device 13 may be config-
ured using the hardware configuration illustrated in FIG. 6.
As in the investigation area determination device 10, the
investigation area determination device 13 configured as
described above can determine an appropriate investigation
area.

Fourth Example Embodiment

[0147] The investigation area determination system 80
may not include the information providing device 50. There-
fore, an example of such a case will be described as the
fourth example embodiment. FIG. 11 is a block diagram
illustrating an example of a configuration of an investigation
area determination system 84 according to the fourth
example embodiment. The investigation area determination
system 84 includes the investigation area determination
device 10, a sensor information acquisition device 21, a
ground surface measurement device 31, and the display
device 40. The investigation area determination device 10
includes a candidate area extraction unit 110, a ground
surface information acquisition unit 120, an investigation
area determination unit 130, and an area output unit 140. The
investigation area determination device 10 operates as in the
investigation area determination device 10 of the first
example embodiment except that information is not acquired
from the information providing device 50. The investigation
area determination device 10 according to the fourth
example embodiment may be configured using a hardware
configuration illustrated in FIG. 6. The sensor information
acquisition device 21 outputs the sensor information to the
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investigation area determination device 10. The ground
surface measurement device 31 outputs a measurement
result to the investigation area determination device 10. The
display device 40 acquires the investigation area from the
investigation area determination device 10 to display it.

[0148] In the investigation area determination system 84
configured as described above, the investigation area deter-
mination device 10 operates as described above. That is, the
investigation area determination device 10 extracts a candi-
date area for investigation of the disaster situation using the
sensor information acquired by the sensor information
acquisition device 21. The sensor information acquisition
device 21 is, for example, a dashcam 20. Then, the inves-
tigation area determination device 10 acquires a ground
surface change that is a result of an analysis using the
measurement result made by the ground surface measure-
ment device 31 in the candidate area. The ground surface
measurement device 31 is, for example, the SAR 30. Then,
the investigation area determination device 10 determines
the investigation area of the disaster situation in the candi-
date area using the ground surface change. Then, the inves-
tigation area determination device 10 outputs the investiga-
tion area. Then, the display device 40 displays the
investigation area. The investigation area determination sys-
tem 84 configured as described above can acquire an effect
similar to that of the investigation area determination system
80.

[0149] Some or all of the above example embodiments
may be described as the following Supplementary Notes, but
are not limited to the following.

(Supplementary Note 1)

[0150] An investigation area determination device includ-
ing

[0151] a candidate area extraction means configured to
extract a candidate area for investigation of a disaster
situation using sensor information acquired by a sensor
information acquisition device,

[0152] a ground surface information acquisition means
configured to acquire a ground surface change that is a result
of an analysis using a measurement result made by a ground
surface measurement device in the candidate area, and
[0153] an investigation area determination means config-
ured to determine an investigation area for investigation of
a disaster situation in the candidate area using the ground
surface change.

(Supplementary Note 2)

[0154] The investigation area determination device
according to Supplementary Note 1, wherein

[0155] the candidate area includes a non-acquisition area
where the sensor information used for extraction of the
candidate area is not acquired.

(Supplementary Note 3)

[0156] The investigation area determination device
according to Supplementary Note 2, wherein

[0157] the candidate area includes an area where the
sensor information cannot be acquired in the non-acquisition
area.
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(Supplementary Note 4)

[0158] The investigation area determination device
according to any one of Supplementary Notes 1 to 3,
wherein

[0159] the candidate area is an area where a mobile body
on which the sensor information acquisition device is
mounted is movable.

(Supplementary Note 5)

[0160] The investigation area determination device
according to Supplementary Note 4, wherein

[0161] the mobile body on which the sensor information
acquisition device is mounted is a vehicle.

(Supplementary Note 6)

[0162] The investigation area determination device
according to any one of Supplementary Notes 1 to 5,
wherein

[0163] the sensor information includes at least one of an
image, a speed, acceleration, and a distance.

(Supplementary Note 7)

[0164] The investigation area determination device
according to any one of Supplementary Notes 1 to 6,
wherein

[0165] the candidate area extraction means extracts the
candidate area using disaster information.

(Supplementary Note 8)

[0166] The investigation area determination device
according to Supplementary Note 7, wherein

[0167] the disaster information includes at least one of a
rainfall range, an amount of rainfall, rain cloud information,
a wind direction, a wind volume, a seismic source, seismic
intensity, a situation of an aftershock, a power outage, a
water outage, a map related to a disaster, a disaster range, a
secondary disaster, and past disaster information.

(Supplementary Note 9)

[0168] The investigation area determination device
according to any one of Supplementary Notes 1 to 8,
wherein

[0169] the investigation area determination means deter-
mines an investigatable area using the ground surface
change, and determines the investigation area based on the
investigatable area and the candidate area.

(Supplementary Note 10)

[0170] The investigation area determination device
according to any one of Supplementary Notes 1 to 9,
wherein

[0171] the investigation area determination means sets an
investigation priority in the investigation area using at least
one of the ground surface change and the sensor informa-
tion.

[0172] (Supplementary Note 11) The investigation area
determination device according to any one of Supplemen-
tary Notes 1 to 10, wherein

[0173] the investigation area determination means deter-
mines the investigation area using a type of a ground
surface.
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(Supplementary Note 12)

[0174] The investigation area determination device
according to any one of Supplementary Notes 1 to 11,
wherein

[0175] the investigation area determination means deter-
mines a hazardous area that is an area where it is better to
avoid investigation, using at least one of the ground surface
change and the sensor information.

(Supplementary Note 13)

[0176] The investigation area determination device
according to Supplementary Note 12, wherein

[0177] the hazardous area is at least one of an area where
the ground surface change is larger than a predetermined
value and an area where the sensor information includes
information related to danger.

(Supplementary Note 14)

[0178] The investigation area determination device
according to Supplementary Note 12 or 13, wherein
[0179] the investigation area determination means deter-
mines a risk level of the hazardous area using at least one of
the ground surface change and the sensor information.

(Supplementary Note 15)

[0180] The investigation area determination device
according to any one of Supplementary Notes 12 to 14,
wherein the investigation area determination means deter-
mines the hazardous area using a type of a ground surface.

(Supplementary Note 16)

[0181] The investigation area determination device
according to any one of Supplementary Notes 1 to 15,
wherein

[0182] the investigation area determination means deter-
mines a type of a disaster using at least one of the sensor
information and the ground surface change.

(Supplementary Note 17)

[0183] The investigation area determination device
according to any one of Supplementary Notes 1 to 16,
wherein

[0184] the investigation area determination means deter-
mines a disaster range using at least one of the sensor
information and the ground surface change acquired in the
investigation area.

(Supplementary Note 18)

[0185] The investigation area determination device
according to any one of Supplementary Notes 1 to 17,
further including

[0186] a disaster range prediction means configured to
predict a disaster range at a future predetermined time point
using a history of the ground surface change, wherein
[0187] the investigation area determination means deter-
mines the investigation area at the predetermined time point
using the predicted disaster range.

(Supplementary Note 19)

[0188] The investigation area determination device
according to Supplementary Note 18, wherein
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[0189] the disaster range prediction means predicts the
disaster range using a history of the sensor information.

(Supplementary Note 20)

[0190] The investigation area determination device
according to Supplementary Note 18 or 19, wherein
[0191] the disaster range prediction means predicts an
occurrence time of a secondary disaster.

(Supplementary Note 21)

[0192] The investigation area determination device
according to any one of Supplementary Notes 18 to 20,
wherein

[0193] the disaster range prediction means predicts a range
of a secondary disaster.

(Supplementary Note 22)

[0194] The investigation area determination device
according to any one of Supplementary Notes 18 to 21,
wherein

[0195] the disaster range prediction means predicts the
disaster range using disaster information.

(Supplementary Note 23)

[0196] The investigation area determination device
according to any one of Supplementary Notes 18 to 22,
wherein

[0197] the disaster range prediction means predicts a time
for recovery of passage of a road, and

[0198] the investigation area determination means creates
an acquisition plan of the sensor information using the time
for recovery.

(Supplementary Note 24)

[0199] The investigation area determination device
according to Supplementary Note 23, wherein

[0200] the investigation area determination means creates
a distribution plan for predetermined supplies using the time
for recovery.

(Supplementary Note 25)

[0201] The investigation area determination device
according to any one of Supplementary Notes 1 to 24,
further including
[0202] an area output means configured to output the
investigation area.

(Supplementary Note 26)

[0203] The investigation area determination device
according to any one of Supplementary Notes 12 to 15,
further including

[0204] an area output means configured to output the
investigation area and the hazardous area.

(Supplementary Note 27)

[0205] The investigation area determination device
according to Supplementary Note 10, further including
[0206] an area output means configured to output the
investigation area and the investigation priority of the inves-
tigation area.
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(Supplementary Note 28)

[0207] The investigation area determination device
according to Supplementary Note 2, further including
[0208] an area output means configured to output the
investigation area and the non-acquisition area.

(Supplementary Note 29)

[0209] The investigation area determination device
according to any one of Supplementary Notes 25 to 28,
wherein

[0210] the area output means outputs the sensor informa-
tion in the investigation area.

(Supplementary Note 30)

[0211] The investigation area determination device
according to any one of Supplementary Notes 25 to 29,
wherein

[0212] the area output means outputs the ground surface
change in the investigation area.

(Supplementary Note 31)

[0213] The investigation area determination device
according to any one of Supplementary Notes 25 to 30,
wherein
[0214] the area output means outputs the candidate area.

(Supplementary Note 32)

[0215] The investigation area determination device
according to any one of Supplementary Notes 25 to 31,
wherein

[0216] the area output means outputs a measurement time
of the measurement result used to analyze the ground
surface change used to determine the investigation area.

(Supplementary Note 33)

[0217] The investigation area determination device
according to any one of Supplementary Notes 25 to 32,
wherein

[0218] the area output means outputs disaster information
related to the investigation area.

(Supplementary Note 34)

[0219] The investigation area determination device
according to any one of Supplementary Notes 18 to 24,
further including

[0220] an area output means configured to output the
investigation area and the predicted disaster range.

(Supplementary Note 35)

[0221] The investigation area determination device
according to Supplementary Note 23, further including
[0222] an area output means configured to output the
investigation area, the predicted disaster range, and the
acquisition plan.

(Supplementary Note 36)

[0223] The investigation area determination device
according to Supplementary Note 24, further including
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[0224] an area output means configured to output the
investigation area, the predicted disaster range, and the
distribution plan.

(Supplementary Note 37)

[0225] An investigation area determination system includ-
ing
[0226] the investigation area determination device accord-

ing to any one of Supplementary Notes 1 to 36,

[0227] the sensor information acquisition device that out-
puts the sensor information to the investigation area deter-
mination device,

[0228] the ground surface measurement device that out-
puts the measurement result to the investigation area deter-
mination device, and

[0229] adisplay device that acquires the investigation area
from the investigation area determination device and dis-
plays the investigation area.

(Supplementary Note 38)

[0230] An investigation area determination method
including
[0231] extracting a candidate area for investigation of a

disaster situation using sensor information acquired by a
sensor information acquisition device,

[0232] acquiring a ground surface change that is a result of
an analysis using a measurement result made by a ground
surface measurement device in the candidate area, and
[0233] determining an investigation area for investigation
of a disaster situation in the candidate area using the ground
surface change.

(Supplementary Note 39)

[0234] An investigation area determination method
including
[0235] an investigation area determination device execut-

ing the method according to Supplementary Note 38,
[0236] the sensor information acquisition device output-
ting the sensor information to the investigation area deter-
mination device,

[0237] the ground surface measurement device outputting
the measurement result to the investigation area determina-
tion device, and

[0238] a display device acquiring the investigation area
from the investigation area determination device and dis-
playing the investigation area.

(Supplementary Note 40)

[0239] A recording medium that records a program for
causing a computer to execute the steps of

[0240] extracting a candidate area for investigation of a
disaster situation using sensor information acquired by a
sensor information acquisition device,

[0241] acquiring a ground surface change that is a result of
an analysis using a measurement result made by a ground
surface measurement device in the candidate area, and
[0242] determining an investigation area for investigation
of a disaster situation in the candidate area using the ground
surface change.

[0243] Although the present invention is described above
with reference to the example embodiments, the present
invention is not limited to the above example embodiments.
It will be understood by those of ordinary skill in the art that
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various changes in form and details may be made therein
without departing from the spirit and scope of the present
invention as defined by the claims.

REFERENCE SIGNS LIST

[0244] 10 investigation area determination device
[0245] 12 investigation area determination device
[0246] 13 investigation area determination device
[0247] 20 dashcam

[0248] 21 sensor information acquisition device
[0249] 30 SAR

[0250] 31 ground surface measurement device
[0251] 40 display device

[0252] 50 information providing device

[0253] 80 investigation area determination system
[0254] 82 investigation area determination system
[0255] 84 investigation area determination system
[0256] 110 candidate area extraction unit

[0257] 120 ground surface information acquisition unit
[0258] 130 investigation area determination unit
[0259] 132 investigation area determination unit
[0260] 140 area output unit

[0261] 150 disaster range prediction unit

[0262] 610 CPU

[0263] 620 ROM

[0264] 630 RAM

[0265] 640 storage device

[0266] 650 NIC

[0267] 810 computer

[0268] 820 dashcam

[0269] 830 SAR system

[0270] 840 terminal device

[0271] 850 vehicle

[0272] 880 network

What is claimed is:
1. An investigation area determination device comprising:
a memory configured to store instructions; and
one or more processors configured to execute the instruc-
tions to:
extract a candidate area for investigation of a disaster
situation using sensor information acquired by a sensor
information acquisition device;
acquire a ground surface change that is a result of an
analysis using a measurement result made by a ground
surface measurement device in the candidate area; and
determine an investigation area for investigation of a
disaster situation in the candidate area using the ground
surface change.
2. The investigation area determination device according
to claim 1, wherein
the candidate area includes a non-acquisition area where
the sensor information used for extraction of the can-
didate area is not acquired.
3. The investigation area determination device according
to claim 2, wherein
the candidate area includes an area where the sensor
information cannot be acquired in the non-acquisition
area.
4. The investigation area determination device according
to claim 1, wherein
the candidate area is an area where a mobile body on
which the sensor information acquisition device is
mounted is movable.
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5. The investigation area determination device according
to claim 4, wherein
the mobile body on which the sensor information acqui-
sition device is mounted is a vehicle.
6. The investigation area determination device according
to claim 1, wherein
the sensor information includes at least one of an image,
a speed, acceleration, and a distance.
7. The investigation area determination device according
to claim 1, wherein
the ground surface measurement device includes a syn-
thetic aperture radar.
8. The investigation area determination device according
to claim 1, wherein
the one or more processors are further configured to
execute the instructions to:
extract the candidate area using disaster information.
9. The investigation area determination device according
to claim 8, wherein
the disaster information includes at least one of a rainfall
range, an amount of rainfall, rain cloud information, a
wind direction, a wind volume, a seismic source, seis-
mic intensity, a situation of an aftershock, a power
outage, a water outage, a map related to a disaster, a
disaster range, a secondary disaster, and past disaster
information.
10. The investigation area determination device according
to claim 1, wherein
the one or more processors are further configured to
execute the instructions to:
determine an investigatable area using the ground surface
change, and determine the investigation area based on
the investigatable area and the candidate area.
11. The investigation area determination device according
to claim 1, wherein
the one or more processors are further configured to
execute the instructions to:
set an investigation priority in the investigation area using
at least one of the ground surface change and the sensor
information.
12. The investigation area determination device according
to claim 1, wherein
the one or more processors are further configured to
execute the instructions to:
determine the investigation area using a type of a ground
surface.
13. The investigation area determination device according
to claim 1, wherein
the one or more processors are further configured to
execute the instructions to:
determine a hazardous area that is an area where it is
better to avoid investigation, using at least one of the
ground surface change and the sensor information.
14. The investigation area determination device according
to claim 13, wherein
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the hazardous area is at least one of an area where the
ground surface change is larger than a predetermined
value and an area where the sensor information
includes information related to danger.

15. The investigation area determination device according
to claim 13, wherein

the one or more processors are further configured to

execute the instructions to:

determine a risk level of the hazardous area using at least

one of the ground surface change and the sensor
information.

16. The investigation area determination device according
to claim 13, wherein

the one or more processors are further configured to

execute the instructions to:

determine the hazardous area using a type of a ground

surface.

17. The investigation area determination device according
to claim 1, wherein

the one or more processors are further configured to

execute the instructions to:

determine a type of a disaster using at least one of the

sensor information and the ground surface change.

18. The investigation area determination device according
to claim 1, wherein

the one or more processors are further configured to

execute the instructions to:

determine a disaster range using at least one of the sensor

information and the ground surface change acquired in
the investigation area.

19-38. (canceled)

39. An investigation area determination method compris-
ing:

extracting a candidate area for investigation of a disaster

situation using sensor information acquired by a sensor
information acquisition device;

acquiring a ground surface change that is a result of an

analysis using a measurement result made by a ground
surface measurement device in the candidate area; and

determining an investigation area for investigation of a

disaster situation in the candidate area using the ground
surface change.

40. (canceled)

41. A non-transitory computer-readable recording
medium that records a program for causing a computer to
execute:

extracting a candidate area for investigation of a disaster

situation using sensor information acquired by a sensor
information acquisition device;

acquiring a ground surface change that is a result of an

analysis using a measurement result made by a ground
surface measurement device in the candidate area; and

determining an investigation area for investigation of a

disaster situation in the candidate area using the ground
surface change.



