LEARNING MODEL, SIGNAL PROCESSOR, FLYING OBJECT, AND PROGRAM

Technical Field

[0001] The present invention relates to a learning model, a signal processor, a
flying object, and a program.

Background Art

[0002] Observation of the state of the earth’s surface, both on the ground and at
sea, is widely conducted using flying objects such as satellites, aircrafts, and drone
devices. The observation methods by satellites include those with the acquisition of
optical images, with the acquisition of radar images obtained by using the synthetic
aperture radar (SAR) technique, so-called SAR images, or with the acquisition of
both optical and SAR images combined with each other. Patent Document 1
discloses a geophysical information deciphering image generation method for
generating a synthetic image in which a radar image such as a SAR image and an
optical image are combined in such a way that geographical objects can be easily
distinguished.

Citation List

Patent Document

[0003] Patent Document 1: Japanese Patent Application Laid-Open No. 2009-
047516

Summary

Technical Problem

[0004] A SAR images is generated on the basis of a signal (hereinafter, referred
to as “received signal”) corresponding to an electromagnetic wave reflected from an
observed object when a microwave (electromagnetic wave) is emitted from a satellite
equipped with a radar device to the observed object. The SAR image is generated

by applying a predetermined compression process to the received signal.



[0005] In the compression process of SAR image generation, the received signal
is filtered in the frequency domain to remove a part of the received signal data.
Filtering reduces the amount of data in the received signal to be compressed, thus
reducing the computational burden of the compression process. On the other hand,
the removal in the received signal by filtering may cause missing information
detectable from the received signal or false detection of information. Missing
information or false detection of information affects the precision or accuracy of the
observation of the situation of the observed object or of the environment around the

observed object.

[0006] Therefore, it is an object of the present invention to provide a learning
model, a signal processor, a flying object, and a program, which enable the
observation of a situation of an observed object or of an environment around the

observed object with high precision or high accuracy.

Solution to Problem

[0007] A learning model according to an aspect of the present invention is
learned by using teaching data with a first received signal as input, the first received
signal being based on a reflected electromagnetic wave that is an electromagnetic
wave emitted to a first target area and then reflected, and with first meta-information
as output, the first meta-information corresponding to the first received signal and
having a predetermined item, so as to input a second received signal based on a
reflected electromagnetic wave that is an electromagnetic wave emitted to a second
target area and then reflected, and to output second meta-information corresponding
to the second received signal and having a predetermined item.

[0008] According to this aspect, the learning model is learned to output meta-
information corresponding to the received signal for an input of the received signal,
and operates. The use of this learning model enables, for example, acquisition of

meta-information having an item “the total number of moving objects or constructions



in the target area” based on the received signal. Since the meta-information is able
to be acquired from the received signal without, for example, a SAR image, the
information contained in the received signal will not be missing. Therefore, the
meta-information indicating the situation of the observed object is able to be
observed with high precision or high accuracy.

[0009] In the above aspect, the learning model may be learned by using teaching
data with the first received signal and a first generated signal generated based on
the first received signal as input and with the first meta-information as output, so as
to input the second received signal and a second generated signal generated based
on the second received signal and to output the second meta-information.

[0010] According to this aspect, the teaching data in the learning model further
includes the first generated signal that has been generated on the basis of the first
received signal. The first generated signal is, for example, a signal (SAR signal) for
generating a SAR image based on the first received signal. In the case where an
input further includes data generated on the basis of the received signal like the SAR
signal and the meta-information of an object or the like is able to be observed more
appropriately with the SAR signal by using the learning model with the meta-
information as output, the situation of the observed object is able to be observed with
high precision or high accuracy.

[0011] In the above aspect, the learning model may be learned by using teaching
data with the first received signal and information indicating an environment in the
first target area as input and with the first meta-information as output, so as to input
the second received signal and information indicating an environment in the second
target area and to output the second meta-information.

[0012] According to this aspect, the teaching data in the learning model further
includes information indicating the environment in the first target area. The
information indicating the environment in the first target area is, for example, weather

conditions such as weather in the first target area, or environmental conditions



caused by human factors such as smoke. By using the input that includes the
information indicating the environment in the second target area in the output of the
second meta-information, the second meta-information is able to be observed with
high precision or high accuracy.

[0013] In the above aspect, the learning model may be learned by using the
teaching data with the first meta-information containing the information indicating the
environment in the first target area as output, so as to output the second meta-
information containing the information indicating the environment in the second
target area.

[0014] The use of the learning model according to this aspect enables
acquisition of information indicating the environment in the second target area, which
is the environment around the observed object. Therefore, the environment around
the observed object is able to be observed with high precision or high accuracy.
[0015] In another aspect, the signal processor includes a storage unit that stores
the learning model according to the above aspect, a signal acquisition unit that
acquires the second received signal, and an estimation unit that inputs the second
received signal to the learning model and then estimates the second meta-
information.

[0016] According to this aspect, the use of a signal processor alone enables
signal acquisition and estimation of the second meta-information with the learning
model. Thereby, for example, even in an environment with certain restrictions on
communication with the outside, such as, for example, the space above the earth,
meta-information is able to be estimated using the learning model, and the signal
processor is able to observe the situation of the observed object with high precision
or high accuracy.

[0017] In the above aspect, the signal processor may include: the estimation unit
that inputs the second received signal at time 1 and the second received signal at

time 2 to the learning model according to the above aspect and then estimates the



second meta-information at the time 1 corresponding to the second received signal
at the time 1 and the second meta-information at the time 2 corresponding to the
second received signal at the time 2; and a change determination unit that
determines a change in the second target area on the basis of the second meta-

information at the time 1 and the second meta-information at the time 2.

[0018] According to this aspect, in the case where the second meta-information
in the second target area at the time 1 has changed at the time 2, the presence or
absence of the change is detectable. Based on the meta-information, the signal
processor is able to determine the change in the second target area while observing
the situation of the observed object or the environment around the observed object

with high precision or high accuracy.

[0019] In the above aspect, the signal processor may further include a change
information output unit that outputs change information indicating the change in the

case where the determined change satisfies a predetermined condition.

[0020] According to this aspect, the signal processor outputs the contents of the
change as change information in addition to the presence or absence of the change
in the case where the change satisfies the predetermined condition. This enables
an external device to acquire the details of the change. With the output of the
change information, as necessary, from the signal processor based on the
conditions, the amount of communication between the signal processor and the
outside and the power consumption required for communication in the signal
processor are able to be reduced.

[0021] In another aspect, a flying object includes a storage unit that stores the
learning model according to the above aspect, a signal acquisition unit that acquires
the second received signal, an estimation unit that inputs the second received signal

to the learning model and then estimates the second meta-information, and a signal



output unit that outputs an output signal based on the second meta-information to
the outside.

[0022] According to this aspect, the flying object is able to estimate the second
meta-information using a learning model by itself. Thereby, the flying object, which
is placed in an environment with certain restrictions on communication with the
outside, is able to estimate the second meta-information without communication with
the outside. This reduces the amount of communication of the flying object and the
power consumption required for the communication. Moreover, based on the
second meta-information, the flying object is able to output the output information
including, for example, the second meta-information itself or the information
indicating the change of the second meta-information to the outside. This enables
transmission of the second meta-information equivalent to the meta-information
observed on the basis of the SAR data to the outside without transmitting large
capacity data such as SAR data to the outside. This enables a reduction in the
amount of communication between the flying object and the outside and the power

consumption required for communication by the flying object.

[0023] In another aspect, the program may cause the computer to perform a
signal acquisition process for acquiring the second received signal that is input to the
storage unit that stores the learning model according to the above aspect, and an
estimation process for inputting the second received signal into the learning model
and then estimating the second meta-information. This enables the computer to
observe meta-information indicating the situation of the observed object with high

precision or high accuracy.

[0024] In the above aspect, the program may cause the computer to further
perform a signal output process for outputting the output signal based on the second
meta-information to the outside. This enables, for example, a flying object having a

computer, in which the program is recorded, to reduce the amount of communication



between the flying object and the outside and the power consumption required for

communication by the flying object.

Advantageous Effects of Invention
[0025] The present invention provides a learning model, a signal processor, a
flying object, and a program that enable appropriate observation of the situation of
an observed object or the environment around the observed object.
Brief Description of Drawings
[0026] Fig. 1 is a block diagram of an observation system according to the
present embodiment.

Fig. 2 is a diagram for describing a learning model according to the present
embodiment.

Fig. 3 is a diagram for describing learning of the learning model according to
the present embodiment.

Fig. 4 is a diagram for describing an example of information used for learning
the learning model according to the present embodiment.

Fig. 5 is a diagram for describing an example of information used for learning of
the learning model according to the present embodiment.

Fig. 6 is a diagram for describing correspondence of teaching data used for
learning of the learning model according to the present embodiment.

Fig. 7 is a flowchart for describing a process in a flying object according to the
present embodiment.

Fig. 8 is a diagram for describing estimation of meta-information by a signal
processor according to the present embodiment.

Fig. 9 is a diagram for describing an example of the meta-information estimated
by the signal processor according to the present embodiment.

Fig. 10 is a diagram for describing determination of a change in the meta-
information by the signal processor according to the present embodiment.

Fig. 11 is a flowchart for describing the processing of determining the change
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by the signal processor according to the present embodiment.

Fig. 12 is a diagram for describing another aspect of learning and estimation of
a learning model.

Fig. 13 is a block diagram illustrating another aspect of the observation system.
Description of Embodiments
[0027] With reference to the accompanying drawings, preferred embodiments of
the present invention are described. In the drawings, those with the same
reference numerals have the same or similar configurations.
[0028] Fig. 1 illustrates a block diagram of an observation system 10 according
to the present embodiment. The observation system 10 includes a flying object 100
and an observation device 200. The flying object 100 is placed in a space above
the earth, and the observation device 200 is placed on the earth. In this
embodiment, the flying object 100 observes a target area D on the surface of the
earth by radar, and an observation signal O processed by the flying object 100 is
transmitted to the observation device 200. The observation signal O is, for
example, a received signal acquired by the flying object 100 or meta-information
corresponding to the received signal, described later.
[0029] The flying object 100 includes a communication antenna 101, a radar
device 102, and a signal processor 103. The flying object 100, which is a satellite
capable of acquiring and processing received signals, is placed in outer space and
orbits around the earth. The flying object 100 may be a geostationary satellite.
The flying object 100 need only be an aircraft, a helicopter, a drone device, or any
other device that is able to be positioned above the earth.
[0030] The communication antenna 101 is an antenna for the flying object 100 to
communicate with external devices provided on the earth or in outer space.
[0031] The radar device 102 irradiates a target area D on the earth’s surface
with, for example, an electromagnetic wave (EM1), which is a microwave, and

acquires a reflected electromagnetic wave EM2 that is an electromagnetic wave



EM1 reflected by an observed object in the target area D. The radar device 102 is,
for example, a synthetic aperture radar (SAR). The reflected electromagnetic wave
EM2 is processed and recorded by the radar device 102 as a received signal (RAW
data) based on electromagnetic wave fluctuations able to be handled by the flying
object 100. The received signal is recorded, for example, as a signal intensity for
each predetermined coordinate of the target area D. The radar device 102
transmits the observation signal O to the observation device 200 through the
communication antenna 101.

[0032] The radar device 102 includes a processor for controlling the process of
acquiring received signals and a storage device in which programs necessary for the
control are stored.

[0033] The signal processor 103 is an information processor that processes the
received signals acquired by the radar device 102. The signal processor 103 is a
computer that has a memory or other storage areas to perform a predetermined
process by the processor executing a program stored in the storage area.

[0034] The signal processor 103 has a storage unit 104 and a control unit 105.
The storage unit 104 is, for example, a semiconductor memory such as RAM or an
optical disk. The storage unit 104 stores various information used for processing in
the signal processor 103.

[0035] The storage unit 104 stores a learning model 1041. The learning model
1041 is a program that has been learned to take a received signal as input and to
output the meta-information corresponding to the received signal. The details of the
meta-information and the learning model 1041 are described later.

[0036] The control unit 105 performs signal processing in the signal processor
103. The control unit 105 also controls the transmission of processing results of
received signals through the flying object 100. The control unit 105 has a signal
acquisition unit 1051, an estimation unit 1052, a signal output unit 1053, a change

determination unit 1054, and a change information output unit 1055.



[0037] The signal acquisition unit 1051 acquires a received signal from the radar
device 102.

[0038] The estimation unit 1052 inputs the received signal acquired by the signal
acquisition unit 1051 to the learning model 1041 to acquire meta-information
corresponding to the received signal.

[0039] The signal output unit 1053 outputs the meta-information acquired by the
estimation unit 1052 as an observation signal O to the observation device 200
through the communication antenna 101. The signal output unit 1053 may also
output the received signal corresponding to the meta-information as the observation
signal O together with the meta-information.

[0040] The change determination unit 1054 determines a change in a situation of
an observed object in the target area D or a change in an environment around the
observed object, on the basis of a plurality of pieces of meta-information
corresponding to received signals acquired from the target area D at different times.
[0041] The change information outputting unit 1055 outputs change information
indicating a change determined by the change determination unit 1054, in the case
where the change satisfies a predetermined condition. The change information is,
for example, information from which the changed meta-information is extracted or
information indicating the range of an area in the target area D where a change has
occurred, out of the meta-information. The processes by the change determination
unit 1054 and the change information output unit 1055 are described later.

[0042] The observation device 200 transmits a control signal to the flying object
100 to control the observation of the target area D by the flying object 100 and
acquires an observation signal O from the flying object 100. The observation
device 200 has a communication unit 201 including an antenna and a control unit
that controls communication by the antenna. Information is transmitted to and

received from the flying object 100 through the communication unit 201.
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[0043] A signal processing unit 202 processes the observation signal O received
from the flying object 100. The signal processing unit 202 performs processing of
visualizing, for example, the observation result in the target area D by means of
images, on the basis of the observation signal O acquired from the flying object 100.
[0044] Referring to Figs. 2 to 6, the learning of the learning model 1041
according to the present embodiment is described.

[0045] Fig. 2 is a diagram for schematically describing the learning and
estimation of the learning model 1041. The learning model 1041 is learned using
learning data LD as teaching data. The learning data LD contains a pair of a
received signal RO (first received signal) that has been acquired by irradiating a
certain target area (first target area) with an electromagnetic wave and meta-
information MDO (first meta-information) corresponding to the received signal RO.
The learning model 1041 is learned with the received signal RO as input and the
meta-information MDO as output.

[0046] For the correspondence of the meta-information MDO to the received
signal RO, the received signal RO is converted to SAR data. Only after a
predetermined conversion process, the received signal RO is able to be information
that the user of the observation device 200 is able to understand. The conversion
process of SAR data is performed, for example, by the observation device 200.

The user is able to understand the observation result based on the received signal
RO through the analysis and visualization processes based on the SAR data.

[0047] The SAR data has multiple levels depending on the contents of the
conversion of the received signal RO. For example, there is a first level of SAR data
obtained by performing range compression and single-look azimuth compression on
the received signal RO, as SAR data. The first-level SAR data is complex number
information and includes the amplitude information and the phase information of the

reflected electromagnetic wave EM2 in the target area D. By visualizing the first
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level of SAR data as a SAR image, the user is able to understand the contents of the
received signal RO.

[0048] Another SAR data is the second level of SAR data, which is obtained by
performing range compression and multi-look azimuth compression on the received
signal RO. The second level of SAR data enables visualization of the received
signal RO with geometrically corrected SAR images.

[0049] Still another SAR data is the third level of SAR data, which is obtained by
performing range compression, single-look azimuth compression, and ortho
correction on the received signal RO. Applying the ortho correction enables
acquisition of a SAR image that is able to be superimposed on an optical image.
[0050] As described above, the user is able to understand the observation result
in the target area D by converting the received signal RO to SAR data and visualizing
the SAR data as the SAR image. The user is able to associate meta-information
MDO with the received signal RO as information indicating the meaning of the
observation result. Alternatively, a computer may be used to associate the meta-
information with the received signal after associating the meta-information with the
SAR image by using a learning model that associates the SAR image with the meta-
information.

[0051] The meta-information MO is, for example, information about a ship and
oceanographic conditions in the case of an observation of the ship at sea.
Specifically, information corresponding to the items of position, total length, and type
of the ship is acquired from the SAR image, as information of the ship. In addition,
the ship’s speed is able to be acquired by using phase information based on the
SAR data with complex components. Furthermore, the wind direction and the wind
speed at sea is able to be acquired on the basis of the SAR data, as information on
oceanographic conditions. The wind direction and wind speed at sea are estimated
on the basis of the backscattering coefficient of the SAR data and the correlation

calculated based on the actually-measured wind direction and wind speed data.
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The backscattering coefficient is a coefficient based on the intensity of the
electromagnetic wave that returns in the irradiation direction out of irradiated
electromagnetic waves scattered on the surface of the target area.

[0052] Additional information other than SAR data may be used to associate
meta-information MDO with the received signal RO. For example, the meta-
information MDO about a ship may include AIS information, which is the information
such as position, ship name, ship registry, and total length, acquired from an
automatic identification system (AIS). The meta-information MDO may be
generated on the basis of the AlS information obtained at the time when the received
signal RO is acquired. As for information on the oceanographic conditions, the
meta-information MDO may include the wind direction, wind speed, and weather
acquired from buoys located in offshore areas.

[0053] Meta-information MDO has various items depending on the observed
target. Meta-information for a land-based moving object, such as an automobile
and an animal, includes information on the movement locus of the moving object.
This information is acquired from a change in SAR data due to a change in
interference of the reflected electromagnetic wave caused by the moving object. In
this case, the meta-information may include the movement locus based on a GPS
device attached to the moving object.

[0054] In the case where an inundated area at the time of a disaster is the
observed target, the range of the inundated area may be acquired as a low
brightness area in the SAR image as meta-information. In this case, the meta-
information may include the range of the inundated area based on an optical image
acquired by an aircraft or a satellite.

[0055] The meta-information used for crop management may be the degree of
crop growth as meta-information. The degree of crop growth is estimated on the
basis of the backscattering coefficient of the SAR data and a correlation calculated

based on the actually-observed degree of crop growth. In this case, the meta-
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information may include the spectral reflectance characteristics from optical
measurements and the height of the crop actually measured.

[0056] In the detection of buildings, information on a new building may be used
as meta-information. The information on the new building is estimated on the basis
of the backscattering coefficient of the SAR data and the correlation calculated
based on the information on the new building actually observed. In this case, the
information on the new building may be acquired from the building information
detected from optical images or from map information. In addition, information on
the building type may be acquired on the basis of a map or the like, and may be
used as meta-information.

[0057] Simulation of electromagnetic waves may also be used to associate
meta-information with received signals. In the simulation model, irradiation and
reflection of electromagnetic waves are able to be simulated to generate received
signals and SAR data. In this case, meta-information such as the conditions in the
simulation model such as, for example, the number of ships, the shapes of ships,
and the trajectory of the position of a moving object is meta-information to be
associated with the generated received signals and SAR data.

[0058] Upon the input of a received signal R1 (second received signal) acquired
by the flying object 100 based on the electromagnetic wave applied by the flying
object 100 to another target area (second target area) into the learned learning
model 1041, the learning model 1041 outputs meta-information MD1 (second meta-
information) corresponding to the received signal R1.

[0059] In addition to the received signal R1, the learning model 1041 may
receive additional information obtained when the received signal R1 is acquired and
then output the meta-information MD1. For example, in the above example of a
ship, AIS information and information from buoys at sea may be additional
information. In this specification, it is assumed that the learning model 1041 has

been learned using meta-information MDO based on the SAR data and on the

14



additional information including the AlS information and the information from the
buoys at sea. In this case, either the AIS information or the information from the
buoys at sea is input to the learning model 1041 as additional information when
estimating the meta-information MD1 using the learning model 1041. The
additional information may be added to the SAR data in the input to the learning
model 1041, so that the meta-information is observed with higher precision or higher
accuracy.

[0060] Referring to Figs. 3 to 6, the relationship between the received signal RO
and the meta-information MDO is described. This embodiment is described by
giving an example of a learning model that enables estimation of ships at sea and
the oceanographic conditions, namely, the environment around the ships.

[0061] In the example illustrated in Fig. 3, a SAR image IG1 in the target area D
is generated on the basis of the received signal RO corresponding to the target area
D. Inthe SAR image IG1, ships S31, S32, and S33 are detected. In this case, as
illustrated in Fig. 4, the meta-information MDO1, which includes first ship information
about the ship and first oceanographic information about the oceanographic
conditions, is acquired from the SAR image IG1. The meta-information MDO1 is
associated with the received signal RO. Note that the item “ship ID” in the first ship
information and the second ship information described later is arbitrary information
used to identify a ship in the meta-information MDO1.

[0062] In addition, based on the AIS information in the target area D obtained
when the received signal RO corresponding to the target area D is acquired, the
meta-information MDO2 is acquired as illustrated in Fig. 5. The meta-information
MDO02 includes the second ship information about a ship and the second
oceanographic information about oceanographic conditions. The second ship
information and the second oceanographic information have different items from
those of the first ship information and the second oceanographic information. The

meta-information MDO02 is associated with the received signal RO.
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[0063] In the case of being based on the AlS information, the meta-information
MDO02 indicates that the ship S34 is present in the target area D in addition to the
ships S31 to S33, as illustrated in the correct image 1G2 in Fig. 3.

[0064] The meta-information MDO, which is associated with the received signal
RO as the learning data LD, is prepared based on the meta-information MD1 and the
meta-information MD2. The meta-information MDO includes the third ship
information on the basis of the first ship information so as to have the same items as
those of the first ship information with respect to the ship. Meta-information MDO
also includes the third oceanographic information on the basis of the second
oceanographic information so as to have the same items as those of the second
oceanographic information with respect to the oceanographic conditions. Thus, the
meta-information MDO used for generating a model is able to be generated by
combining the meta-information MDO1 based on the SAR image and the meta-
information MDO02 based on information from other devices. In addition, the meta-
information MDO may directly be either of the meta-information MD0O1 and the meta-
information MDO2.

[0065] The learning model 1041 is learned by using the learning data LD
prepared as described above, for example, by a general machine learning method
such as a method using a neural network. The learning model 1041 may be
composed of a single learning model or a combination of multiple learning models.
[0066] Referring to Figs. 7 to 9, the processing by the flying object 100 is
described.

[0067] In step S701 of Fig. 7, the radar device 102 irradiates the target area D
with the electromagnetic wave EM1. The timing of the irradiation may be controlled
by the observation device 200 or specified in advance by the flying object 100.
[0068] In step S702, the signal acquisition unit 1051 acquires the received signal
R1 based on the reflected electromagnetic wave EM2 detected by the radar device

102 from the radar device 102.
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[0069] In step S703, the estimation unit 1052 inputs the received signal R1 to the
learning model 1041. In addition to the received signal R1, the estimation unit 1052
may input additional information obtained when the received signal R1 is acquired
into the learning model 1041.

[0070] In step S704, the estimation unit 1052 acquires the meta-information MD1
corresponding to the received signal R1 from the learning model 1041.

[0071] In step S705, the signal output unit 1053 outputs an output signal based
on the meta-information MD1 to the observation device 200. The output signal
based on the meta-information MD1 is a signal that conveys all or a part of the meta-
information MD1. Alternatively, the output signal may be a signal that conveys
information of the result of information processing to the meta-information.

[0072] Referring to Fig. 8, the estimation of meta-information by the learning
model 1041 is described. In this specification, description will be made on a case of
using the learning model 1041 learned with the learning data LD having the
correspondence as illustrated in Fig. 6.

[0073] The received signal R1 is information that may be converted into SAR
data indicating the state illustrated in the SAR image IG3. The meta-information
generated based on the SAR image 1G3 includes information on ships S81 to S83.
On the other hand, the actual situation is assumed to be the one illustrated in the
correct image IG4. In other words, the information about the ship S84 is missing
due to the conversion of the received signal R1 into SAR data.

[0074] In this case, the signal processor 103 is able to input the received signal
R1 to the learning model 1041 to acquire the meta-information MD1 as illustrated in
Fig. 9. The meta-information MD1 contains information indicating four ships. In
other words, the signal processor 103 is able to detect meta-information that cannot
be detected from the SAR data.

[0075] By using the received signal and the learning model 1041, the meta-

information is able to be estimated without being affected by the conversion to the
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SAR data. Although not illustrated, this enables appropriate estimation of meta-
information, for example, even in the case of false detection, such as detection of a
false image of an object that should not be detected in the SAR image.

[0076] Referring to Figs. 10 and 11, the detection of changes in meta-information
by the flying object 100 is described.

[0077] In Fig. 10, description is made on the detection of changes in meta-
information about buildings. At a certain time T1 (time 1), buildings are placed as
illustrated in the placement image IG5. At another time T2 (time 2), buildings are
placed in the same area as illustrated in the placement image 1G6. The placement
images IG5 and |G6 are, for example, optical or SAR images of the buildings
observed from above from the air or outer space. The arrangement images IG5
and 1G6 have predetermined areas of AO1 to A04. As illustrated in the placement
image 1G6, a new building NB is constructed in the area A03 at time T2.

[0078] The following describes an example where the above changes are
detected by using the learning model 1041. It is assumed here that the learning
model 1041 has learned to output building information, which is the number of
buildings in each area, as meta-information in response to an input of a received
signal.

[0079] Fig. 11 illustrates a flowchart of the processing by the flying object 100.
[0080] In step S1101, the radar device 102 irradiates the target area with an
electromagnetic wave at time T1.

[0081] In step S1102, the signal acquisition unit 1051 acquires a received signal
R3 based on the reflected electromagnetic wave detected by the radar device 102
from the radar device 102. The received signal R3 may be stored in the storage
unit 104.

[0082] In step S1103, the estimation unit 1052 inputs the received signal R3 to

the learning model 1041.
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[0083] In step S1104, the estimation unit 1052 acquires meta-information MD3
corresponding to the received signal R3 from the learning model 1041. The meta-
information MD3 may be stored in the storage unit 104.

[0084] In step S1105, the radar device 102 irradiates the target area with an
electromagnetic wave at time T2.

[0085] In step S1106, the signal acquisition unit 1051 acquires the received
signal R4 based on the reflected electromagnetic wave detected by the radar device
102 from the radar device 102.

[0086] In step S1107, the estimation unit 1052 inputs the received signal R4 to
the learning model 1041.

[0087] In step S1108, the estimation unit 1052 acquires meta-information MD4
corresponding to the received signal R4 from the learning model 1041.

[0088] In step S1109, the change determination unit 1054 determines the
change in the target area on the basis of the meta-information MD3 and the meta-
information MD4. In the case of Fig. 10, the meta-information MDO04 indicates that
the number of buildings in the area AO3 has increased to four. Therefore, the
change determination unit 1054 determines that a change has occurred in the
number of buildings.

[0089] In step S1110, the change information output unit 1055 determines
whether the change satisfies a predetermined condition. Here, the predetermined
condition is a result of determination of whether or not there is a change or a
condition related to the specific content of the change. For example, in the example
illustrated in Fig. 10, the condition may be that there is a change in a certain area or
that a change in which the number of buildings increases or decreases occurs in one
of the areas, as the specific content of the change.

[0090] In this specification, it is assumed that the condition is that a change in

which the number of buildings increases occurs in one of the areas. In this case,
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the change information output unit 1055 determines that the change satisfies the
predetermined condition.

[0091] If it is determined that the change satisfies the predetermined condition, in
step S1111, the change information output unit 1055 outputs the information
indicating the change, as an output signal, to the observation device 200. Unless
the predetermined condition is satisfied, the processing is terminated. The output
signal is, for example, a signal for conveying the meta-information MD3 and MDA4.
Alternatively, the output signal is a signal for extracting meta-information about the
area AO3 where a change has occurred and conveying the extracted meta-
information. Alternatively, the output signal may be a signal for conveying
information about the coordinates indicating a part where the change has occurred in
more details, out of the area A03 that has been determined to have a change.

[0092] The flying object 100 is able to detect a change in the target area on the
basis of meta-information with good precision or good accuracy based on the
received signal. Therefore, the precision or accuracy of change detection also
increases.

[0093] The flying object 100 determines a change and transmits the meta-
information itself or the information indicating the range of the change to the
observation device 200 only for the area where the change has occurred, thereby
reducing the amount of communication to the observation device 200. This allows
the flying object 100 to reduce the power consumption. This is an advantage for the
flying object 100, which is limited in available power due to the environment of the
space above the earth.

[0094] Fig. 12 schematically illustrates the learning and estimation of the learning
model 1041A. The learning model 1041A includes, as the learning data LD, the
SAR data (the first generated signal) generated on the basis of the received signal
RO and additional information, in addition to the received signal RO and the meta-

information MDO.
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By preparing the learning data LD in this way, the learning model 1041A is able to
estimate the meta-information MD1 using the received signal R1, the SAR data
generated based on the received signal R1 (the second generated signal), and the
additional information corresponding to the received signal R1 as input.

[0095] For example, as additional information, the weather of the target area is
able to be used as information indicating the environment in the target area when the
received signal RO is acquired. When estimating the meta-information MD1 using
the learning model 1041A, information indicating the environment in the target area
when the received signal R1 is acquired may be acquired from other devices and be
included into the input of the learning model 1041A. This enables estimation of the
meta-information MD1 with higher precision or higher accuracy.

[0096] Fig. 13 illustrates a block diagram of the observation system 10A as
another embodiment. As illustrated in Fig. 13, the signal processor 103 may also
be provided so as to be contained in an observation device 200A. The control unit
1301 of a flying object 100A transmits the received signals acquired by the radar
device 102 to the observation device 200A. The signal processor 103 of the
observation device 200A may be configured to perform the above processing.
[0097] The embodiments described above are intended to facilitate
understanding of the present invention and are not intended to be construed as
limiting the present invention. The elements of the embodiments and their
conditions are not limited to those illustrated in the examples, but may be changed
as necessary. Additionally, it is also possible to partially replace or combine
different configurations.

Reference Signs List

[0098] 10 observation system

100 flying object

101 communication antenna

102 radar device

21



103 signal processor

104 storage unit

1041

learning model

105 control unit

1051
1052
1053
1054
1055

signal acquisition unit
estimation unit

signal output unit

change determination unit

change information output unit

200 observation device

201 communication unit

202 signal processing unit
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-CLAIMS-

1. Asignal processor, comprising:

a storage unit that stores a learning model, wherein:

the learning model is learned by using teaching data with a first synthetic
aperture radar received signal as input, the first synthetic aperture radar received
signal being based on a reflected electromagnetic wave that is an electromagnetic
wave emitted to a first target area and then reflected, and with first meta-information
as output, the first meta-information corresponding to the first synthetic aperture
radar received signal and having a predetermined item; and
the learning model outputs second meta-information having the

predetermined item in response to a second synthetic aperture radar received signal
as input, the second synthetic aperture radar received signal based on a reflected
electromagnetic wave that is an electromagnetic wave emitted to a second target
area and then reflected;

a signal acquisition unit that acquires the second synthetic aperture received
signal;

an estimation unit that inputs the second synthetic aperture radar received
signal at time 1 and the second synthetic aperture radar received signal at time 2 to
the learning model and then estimates the second meta-information at the time 1
corresponding to the second synthetic aperture radar received signal at the time 1
and the second meta-information at the time 2 corresponding to the second synthetic
aperture radar received signal at the time 2; and

a change determination unit that determines a change in the second target
area on the basis of the second meta-information at the time 1 and the second meta-
information at the time 2.
2. The signal processor according to claim 1, wherein:

the learning model is learned by using teaching data with the first synthetic

aperture received signal and a first generated signal generated based on the first
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synthetic aperture received signal as input and with the first meta-information as
output; and

the learning model outputs the second meta-information in response to the
second received signal and a second generated signal generated based on the
second received signal .
3.  The signal processor according to claim 1, wherein:

the learning model is learned by using teaching data with the first synthetic
aperture received signal and information indicating an environment in the first target
area as input and with the first meta-information as output; and

the learning model outputs the second meta-information in response to the
second received signal and information indicating an environment in the second
target area as input.
4. The signal processor according to claim 1, wherein:

the learning model is learned by using the teaching data with the first meta-
information containing the information indicating the environment in the first target
area as output; and

the learning model outputs the second meta-information containing the
information indicating the environment in the second target area.
5.  The signal processor according to claim 1, further comprising a change
information output unit that outputs change information indicating the change in the
case where the determined change satisfies a predetermined condition.
6. Aflying object comprising the signal processor according to claim 1, the signal
processor further comprising a signal output unit that outputs an output signal based
on the second meta-information to the outside.
7. A non-transitory computer-readable medium storing program causing a
computer to perform:

a signal acquisition process for acquiring a second synthetic aperture received

signal that is input to the storage unit that stores a learning model wherein:
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the learning model is learned by using teaching data with a first synthetic
aperture received signal as input, the first received synthetic aperture signal being
based on a reflected electromagnetic wave that is an electromagnetic wave emitted
to a first target area and then reflected, and with first meta-information as output, the
first meta-information corresponding to the first synthetic aperture received signal
and having a predetermined item; and
the learning model outputs second meta-information having the

predetermined item in response to a second synthetic aperture radar received signal
as input, the second synthetic aperture received signal based on a reflected
electromagnetic wave that is an electromagnetic wave emitted to a second target
area and then reflected;

an estimation process for inputting the second synthetic aperture received
signal at time 1 and the second synthetic aperture received signal at time 2 to the
learning model and then estimates the second meta-information at the time 1
corresponding to the second synthetic aperture received signal at the time 1 and the
second meta-information at the time 2 corresponding to the second synthetic
aperture received signal at the time; and

a change determination process for determining a change in the second target
area on the basis of the second meta-information at the time 1 and the second meta-
information at the time 2.
8.  The non-transitory computer-readable medium storing program according to
claim 7, causing the computer to further perform a signal output process for

outputting the output signal based on the second meta-information to the outside.
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