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Description

Title of Invention: IMAGE MATCHING APPARATUS, IMAGE
MATCHING METHOD, TRAINING APPARATUS, TRAINING
METHOD, AND NON-TRANSITORY COMPUTER-READABLE

[0001]

[0002]

[0003]

[0004]

[0005]

MEDIUM
Technical Field

The present disclosure generally relates to an image matching apparatus, an image
matching method, a training apparatus, a training method, and a non-transitory

computer-readable medium.

Background Art

A computer system that performs ground-to-aerial cross-view matching (matching
between a ground-view image and an aerial-view image) has been developed. For
example, NPL1 discloses a system comprising a set of CNNs (Convolutional Neural
Networks) to match a ground-view image against an aerial-view image. Specifically,
one of the CNNs acquires a set of a ground-view image and orientation maps that
indicate orientations (azimuth and altitude) for each location captured on the ground-
view image, and extracts features therefrom. The other one acquires a set of an aerial-
view image and orientation maps that indicate orientations (azimuth and range) for
each location captured on the aerial-view image, and extracts features therefrom. Then,
the system determines whether the ground-view image matches the aerial-view image

based on the extracted features.
Citation List

Non Patent Literature

NPLI: Liu Liu and Hongdong Li, "Lending Orientation to Neural Networks for
Cross-view Geo-localization", [online], March 29, 2019, [retrieved on 2021-09-24],
retrieved from <arXiv, https://arxiv.org/pdf/1903.12351>
Summary of Invention

Technical Problem

NPLI does not mention resolution of images. An objective of the present
disclosure is to provide a novel technique to determine whether or not a ground-view
image and an aerial-view image match each other.
Solution to Problem

The present disclosure provides an image matching apparatus comprising at least
one memory that is configured to store instructions and at least one processor that is

configured to execute the instructions to: acquire a first-view image and a second-view
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[0006]

[0007]

[0008]

image; compute a feature value of the first-view image; compute a feature value of the
second-view image; and determine whether the first-view image and the second-view
image match each other based on the feature value of the first-view image and the
feature value of the second-view image.

The computation of the feature value of the first-view image includes: enhancing a
resolution of the first-view image to generate a resolution-enhanced first-view image;
and computing a feature value of the resolution-enhanced first-view image as the
feature value of the first-view image.

The first-view image and the second-view image are respectively a ground-view
image and an aerial-view image, or the first-view image and the second-view image
are respectively an aerial-view image and a ground-view image.

The present disclosure further provides an image matching method that is
performed by a computer. The image matching method comprises: acquiring a first-
view image and a second-view image; computing a feature value of the first-view
image; computing a feature value of the second-view image; and determining whether
the first-view image and the second-view image match each other based on the feature
value of the first-view image and the feature value of the second-view image.

The computation of the feature value of the first-view image includes: enhancing a
resolution of the first-view image to generate a resolution-enhanced first-view image;
and computing a feature value of the resolution-enhanced first-view image as the
feature value of the first-view image.

The first-view image and the second-view image are respectively a ground-view
image and an aerial-view image, or the first-view image and the second-view image
are respectively an aerial-view image and a ground-view image.

The present disclosure further provides a non-transitory computer-readable
medium storing a program that cause a computer to execute: acquiring a first-view
image and a second-view image; computing a feature value of the first-view image;
computing a feature value of the second-view image; and determining whether the
first-view image and the second-view image match each other based on the feature
value of the first-view image and the feature value of the second-view image.

The computation of the feature value of the first-view image includes: enhancing a
resolution of the first-view image to generate a resolution-enhanced first-view image;
and computing a feature value of the resolution-enhanced first-view image as the
feature value of the first-view image.

The first-view image and the second-view image are respectively a ground-view
image and an aerial-view image, or the first-view image and the second-view image
are respectively an aerial-view image and a ground-view image.

The present disclosure further provides a training apparatus comprising at least one
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memory that is configured to store instructions and at least one processor that is
configured to execute the instructions to: acquire a target image; and perform training
of one or more models.

The training of the one or more models includes: reducing a resolution of the
acquired target image to generate a resolution-reduced target image; inputting the
resolution-reduced target image into a resolution enhancing model to generate a
resolution-reenhanced target image; computing a loss using the acquired target image
and the resolution-reenhanced target image; and updating the resolution enhancing
model based on the loss.

The target image is a ground-view image or an aerial-view image.
[0009] The present disclosure further provides a training method that is performed by a

computer. The training method comprises: acquiring a target image; and performing
training of one or more models.

The training of the one or more models includes: reducing a resolution of the
acquired target image to generate a resolution-reduced target image; inputting the
resolution-reduced target image into a resolution enhancing model to generate a
resolution-reenhanced target image; computing a loss using the acquired target image
and the resolution-reenhanced target image; and updating the resolution enhancing
model based on the loss.

The target image is a ground-view image or an aerial-view image.

[0010] The present disclosure further provides a non-transitory computer-readable
medium storing a program that causes a computer to execute: acquiring a target image;
and performing training of one or more models.

The training of the one or more models includes: reducing a resolution of the
acquired target image to generate a resolution-reduced target image; inputting the
resolution-reduced target image into a resolution enhancing model to generate a
resolution-reenhanced target image; computing a loss using the acquired target image
and the resolution-reenhanced target image; and updating the resolution enhancing
model based on the loss.

The target image is a ground-view image or an aerial-view image.

[0011] According to the present disclosure, it is possible to provide a novel technique to
determine whether a ground-view image and an aerial-view image match each other.
Brief Description of Drawings

[0012] [Fig.1]Fig. 1 illustrates an overview of an image matching apparatus.

[Fig.2]Fig. 2 illustrates an example of the ground-view image and the aerial-view
image.

[Fig.3]Fig. 3 illustrates an overview of the image matching apparatus that handles the
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[0013]

second-view image with the resolution of the first level.
[Fig.4]Fig. 4 is a block diagram showing an example of the functional configuration of
the image matching apparatus
[Fig.5]Fig. 5 is a block diagram illustrating an example of the hardware configuration
of a computer 1000 realizing the image matching apparatus.
[Fig.6]Fig. 6 is a flowchart illustrating an example flow of processing performed by
the image matching apparatus.
[Fig.7]Fig. 7 illustrates a geo-localization system that includes the image matching
apparatus.
[Fig.8]Fig. 8 illustrates an example structure of the first feature extracting unit.
[Fig.9]Fig. 9 illustrates a first example of a structure of the second feature extracting
unit.
[Fig.10]Fig. 10 illustrates a second example of a structure of the second feature ex-
tracting unit.
[Fig.11]Fig. 11 is a diagram illustrating an example of functional configuration of the
training apparatus.
[Fig.12]Fig. 12 is a flowchart illustrating an example flow of processing performed by
the training apparatus.
[Fig.13]Fig. 13 illustrates a first example way of training the first feature extracting
unit.
[Fig.14]Fig. 14 illustrates an image matching apparatus that handles the first-view
image with the resolution of the second level and the second-view image with the
resolution of the second level.
[Fig.15]Fig. 15 illustrates an additional training performed on the feature extracting
model.
[Fig.16]Fig. 16 illustrates an example way of training the resolution enhancing model
separately from the feature extracting model.
[Fig.17]Fig. 17 illustrates a first example way of training the second feature extracting
unit.
[Fig.18]Fig. 18 illustrates an additional training performed on the feature extracting
model.
[Fig.19]Fig. 19 illustrates an example way of training the resolution enhancing model
separately from the feature extracting model.
Description of Embodiments

Example embodiments according to the present disclosure will be described
hereinafter with reference to the drawings. The same numeral signs are assigned to the

same elements throughout the drawings, and redundant explanations are omitted as
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necessary. In addition, predetermined information (e.g., a predetermined value or a
predetermined threshold) is stored in advance in a storage device to which a computer
using that information has access unless otherwise described.

FIRST EXAMPLE EMBODIMENT

<Overview>

Fig. 1 illustrates an overview of an image matching apparatus 2000. The image
matching apparatus 2000 functions as a discriminator that performs matching between
a ground-view image and an aerial-view image (so-called ground-to-aerial cross-view
matching). Fig. 2 illustrates an example of the ground-view image 10 and the aerial-
view image 15.

The ground-view image 10 is a digital image that includes a ground view of a
place, e.g., an RGB or gray-scale image of ground scenery. For example, the ground-
view image is generated by a ground camera that is held by a pedestrian or installed in
a car. The ground-view image may be panoramic (having 360-degree field of view), or
may have limited (less than 360-degree) field of view.

The aerial-view image 15 is a digital image that includes a top view of a place,
e.g., an RGB or gray-scale image of aerial scenery. For example, the aerial-view image
is generated by an aerial camera installed in a drone, an air plane, or a satellite.

As images to be compared with each other, the image matching apparatus 2000
acquires a first-view image 20 and a second-view image 30. One of them is a ground-
view image 10 and the other one of them is an aerial-view image 15. In other words,
when the image matching apparatus 2000 is configured to acquire a ground-view
image 10 as the first-view image 20, the image matching apparatus 2000 is configured
to acquire an aerial-view image 15 as the second-view image 30. On the other hand,
when the image matching apparatus 2000 is configured to acquire an aerial-view image
15 as the first-view image 20, the image matching apparatus 2000 is configured to
acquire a ground-view image 10 as the second-view image 30.

The image matching apparatus 2000 is used under a situation where the first-view
image 20 has a resolution of a first level while the second-view image 30 has a
resolution of a first level or a second level. The first level of resolution may include
only a specific image resolution or may include image resolutions within a specific
rage. The same applies to the second level of resolution.

The first level and the second level of resolution are defined so that the resolution
of the second level is higher than the resolution of the first level. Suppose that the
resolution is quantified so that the higher a resolution of an image is, the smaller a
value representing the resolution of the image is. An example of this case is a case
where a unit of "cm/pixel" is used to represent the resolution of the image.

In this case, if the first level and the second level of resolution are respectively
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[0021]

[0022]

[0023]

[0024]

[0025]

defined by specific real numbers rl and r2, the numbers rl and 12 satisfy a condition of
"r1>12". For example, the first level of resolution is defined as "50cm/pixel” while the
second level of resolution is defined as "25cm/pixel". If the first level and the second
level of resolution are respectively defined by rages R1 and R2, the ranges R1 and R2
satisfy a condition of "the supremum of the rage R2 is less than the infimum of the
rage R1". For example, the first level of resolution is defined as a rage of
(45[cm/pixel], SS[cm/pixel]) while the second level of resolution is defined as a range
of (20[cm/pixel], 30[cm/pixel]).

It is noted that the levels of the resolution of first-view image and the levels of the
resolution of second-view image may be defined separately from each other. It means
that the first level of the resolution of first-view image is not necessarily equivalent to
the first level of the resolution of second-view image. Similarly, the second level of the
resolution of first-view image is not necessarily equivalent to the second level of the
resolution of second-view image.

Since the resolution of the first-view image 20 is of the first level, the image
matching apparatus 2000 performs resolution enhancement on the first-view image 20
to increase the level of the resolution of the first-view image 20 to the second level. A
first-view image that is obtained as a result of the resolution enhancement is called
"resolution-enhanced first-view image 40". The image matching apparatus 2000
computes a feature value of the resolution-enhanced first-view image 40 as the feature
value of the first-view image 20.

Regarding the second-view image 30, the image matching apparatus 2000 does not
perform resolution enhancement on the second-view image 30 when the resolution of
the second-view image 30 is of the second level. In this case, the image matching
apparatus 2000 computes the feature value of the second-view image 30 directly
therefrom. Fig. 1 illustrates this case.

On the other hand, when the resolution of the second-view image 30 is of the first
level, the image matching apparatus 2000 performs resolution enhancement on the
second-view image 30 to increase the level of the resolution of the second-view image
30 to the second level. Fig. 3 illustrates an overview of the image matching apparatus
2000 that handles the second-view image 30 with the resolution of the first level. A
second-view image that is obtained as a result of the resolution enhancement is called
"resolution-enhanced second-view image 50". The image matching apparatus 2000
computes a feature value of the resolution-enhanced second-view image 50 as the
feature value of the second-view image 30.

<Example of Advantageous Effect>
As described above, the image matching apparatus 2000 acquires the first-view

image 20 and the second-view image 30, and determine whether the first-view image
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20 and the second-view image 30 match each other by comparing their feature values.
To compute the feature value of the first-view image 20, the first-view image 20 is
converted into the resolution-enhanced first-view image 40 by performing resolution
enhancement on the first-view image 20. The feature value of the resolution-enhanced
first-view image 40 is used as the feature value of the first-view image 20.

Since the image matching apparatus 2000 has a mechanism of enhancing the
resolution of the first-view image 20 before computing the feature value thereof, the
image matching apparatus 2000 can handle first-view images whose resolution is not
high enough to determine whether the first-view image matches the second-view
image 30. Furthermore, in the case where the image matching apparatus 2000 has a
mechanism of enhancing the resolution of the second-view image 30 before computing
the feature value thereof, the image matching apparatus 2000 can handle second-view
images whose resolution is not sufficiently high.

The image matching apparatus 2000 is useful in various situations. One of such the
situations is a situation in which it is difficult to make it sure to acquire a first-view
image with high resolution. Suppose that the first-view image 20 is a ground-view
image provided by a user. The user may use her/his smartphone to take a picture
around her/him, and that picture may be provided as the first-view image 20.

In this case, the resolution of the first-view image 20 depends on the performance
of the smartphone. Thus, there may be some smartphones that provide the first-view
image with low resolution to the image matching apparatus 2000. The image matching
apparatus 2000 can determine whether the first-view image 20 and the second-view
image 30 match each other even in this case.

Hereinafter, more detailed explanation of the image matching apparatus 2000 will
be described.

<Example of Functional Configuration>

Fig. 4 is a block diagram showing an example of the functional configuration of
the image matching apparatus 2000. The image matching apparatus 2000 includes an
acquiring unit 2020, a first feature extracting unit 2040, a second feature extracting
unit 2060, and a determining unit 2080. The acquiring unit 2020 acquires the first-view
image 20 and the second-view image 30. The first feature extracting unit 2040
computes the feature value of the first-view image 20. Specifically, the first feature ex-
tracting unit 2040 enhances the resolution of the first-view image 20 to generate the
resolution-enhanced first-view image 40. Then, the first feature extracting unit 2040
computes the feature value of the resolution-enhanced first-view image 40 as the
feature value of the first-view image 20.

The second feature extracting unit 2060 computes the feature value of the second-

view image 30. The determining unit 2080 determines whether the first-view image 20
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and the second-view image 30 match each other based on the feature value of the first-
view image 20 and the feature value of the second-view image 30.

It is noted that, in a case where the image matching apparatus 2000 is configured
to acquire the second-view image with the resolution of the first level, the second
feature extracting unit 2060 is configured to enhance the resolution of the second-view
image 30 to generate the resolution-enhanced second-view image 50. The second
feature extracting unit 2060 is also configured to compute the feature value of the
resolution-enhanced second-view image 50 as the second-view image 30.

<Example of Hardware Configuration>

The image matching apparatus 2000 may be realized by one or more computers.
Each of the one or more computers may be a special-purpose computer manufactured
for implementing the image matching apparatus 2000, or may be a general-purpose
computer like a personal computer (PC), a server machine, or a mobile device.

The image matching apparatus 2000 may be realized by installing an application in
the one or more computers. The application is implemented with a program that causes
the one or more computers to function as the image matching apparatus 2000. In other
words, the program is an implementation of the functional units of the image matching
apparatus 2000.

Fig. 5 is a block diagram illustrating an example of the hardware configuration of
a computer 1000 realizing the image matching apparatus 2000. In Fig. 5, the computer
1000 includes a bus 1020, a processor 1040, a memory 1060, a storage device 1080, an
input/output (I/O) interface 1100, and a network interface 1120.

The bus 1020 is a data transmission channel in order for the processor 1040, the
memory 1060, the storage device 1080, and the 1/0 interface 1100, and the network
interface 1120 to mutually transmit and receive data. The processor 1040 is a
processer, such as a CPU (Central Processing Unit), GPU (Graphics Processing Unit),
FPGA (Field-Programmable Gate Array), or DSP (Digital Signal Processor). The
memory 1060 is a primary memory component, such as a RAM (Random Access
Memory) or a ROM (Read Only Memory). The storage device 1080 is a secondary
memory component, such as a hard disk, an SSD (Solid State Drive), or a memory
card. The I/O interface 1100 is an interface between the computer 1000 and peripheral
devices, such as a keyboard, mouse, or display device. The network interface 1120 is
an interface between the computer 1000 and a network. The network may be a LAN
(Local Area Network) or a WAN (Wide Area Network).

The storage device 1080 may store the program mentioned above. The processor
1040 reads the program from the storage device 1080, and executes the program to
realize each functional unit of the image matching apparatus 2000.

The hardware configuration of the computer 1000 is not restricted to that shown in
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Fig. 5. For example, as mentioned-above, the image matching apparatus 2000 may be
realized by plural computers. In this case, those computers may be connected with
each other through the network.

<Flow of Processing>

Fig. 6 is a flowchart illustrating an example flow of processing performed by the
image matching apparatus 2000. The acquiring unit 2020 acquires the first-view image
20 and the second-view image 30 (S102). The first feature extracting unit 2040
computes the feature value of the first-view image 20 (S104). The second feature ex-
tracting unit 2060 computes the feature value of the second-view image 30 (S106). The
determining unit 2080 determines whether the first-view image 20 and the second-
view image 30 match each other based on the feature value of the first-view image 20
and the feature value of the second-view image 30 (S108).

It is noted that a flow of processing performed by the image matching apparatus
2000 is not limited to that illustrated by Fig. 6. For example, the computation of the
feature value of the first-view image 20 (i.e., Step S104) and the computation of the
feature value of the second-view image 30 (i.e., Step S106) may be performed in
parallel with each other or in an order opposite to the order illustrated by Fig. 6.

<Example Application of Image Matching Apparatus 2000>

There are various possible applications of the image matching apparatus 2000. For
example, the image matching apparatus 2000 can be used as a part of a system
(hereinafter, a geo-localization system) that performs image geo-localization. Image
geo-localization is a technique to determine the place at which an input image is
captured. The geo-localization system 500 may be implemented by one or more
arbitrary computers such as ones depicted by Fig. 5. It is noted that the geo-localization
system is merely an example of the application of the image matching apparatus 2000,
and the application of the image matching apparatus 2000 is not restricted to being
used in the geo-localization system.

Fig. 7 illustrates a geo-localization system 500 that includes the image matching
apparatus 2000. The geo-localization system 500 includes the image matching
apparatus 2000 and the location database 600. The location database 600 includes a
plurality of aerial-view images to each of which location information is attached. An
example of the location information may be GPS (Global Positioning System) co-
ordinates of the place captured on the center of the corresponding aerial-view image.

The geo-localization system 500 receives a query that includes a ground-view
image from a client (e.g., user terminal). Then, the geo-localization system 500
searches the location database 600 for the aerial-view image that matches the ground-
view image in the received query, thereby determining the place at which the ground-

view image is captured. Specifically, until the aerial-view image that matches the
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ground-view image in the query is detected, the geo-localization system 500 repeatedly
executes: acquiring one of the aerial-view images from the location database 600;
inputting the ground-view image acquired from the query and the aerial-view acquired
from the location database 600 into the image matching apparatus 2000; and de-
termining whether the output of the image matching apparatus 2000 indicates that the
ground-view image and the aerial-view image match each other. It is noted that, as
mentioned above, the image matching apparatus 2000 may be configured to handle the
ground-view image and the aerial-view image as the first-view image 20 and the
second-view image 30, respectively, or may be configured to handle the ground-view
image and the aerial-view image as the second-view image 30 and the first-view image
20, respectively.

By repeatedly executing the above-mentioned processes, the geo-localization
system 500 can find the aerial-view image that includes the place at which the ground-
view image is captured. Since the detected aerial-view image is associated with the
location information such as the GPS coordinates, the geo-localization system 500 can
determine that where the ground-view image is captured is the place that is indicated
by the location information associated with the aerial-view image that matches the
ground-view image.

It is noted that the ground-view image and the aerial-view image are used in an
opposite way in the geo-localization system 500. In this case, the location database 600
stores a plurality of ground-view images to each of which the location information is
attached. The geo-localization system 500 receives a query including an aerial-view
image, and searches the location database 600 for the ground-view image that matches
the aerial-view image in the query, thereby determining the location of the place that is
captured on the aerial-view image.

<Acquisition of Data: S102>

The acquiring unit 2020 acquires the first-view image 20 and the second-view
image 30 (S102). There are various ways to acquire those data. In some imple-
mentations, the acquiring unit 2020 may receive the first-view image 20, the second-
view image 30, or both sent from another computer. In other implementations, the
acquiring unit 2020 may retrieve the first-view image 20, the second-view image 30, or
both from a storage device to which the acquiring unit 2020 has access.

The first-view image 20 and the second-view image 30 may be acquired in the
manner same as each other or may be acquired in different manners from each other.
For example, the acquiring unit 2020 receives the first-view image 20 from another
computer while the acquiring unit 2020 retrieves the second-view image 30 from a
storage device, or vice versa.

<Computation of Feature Value of First-View Image: S104>
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The first feature extracting unit 2040 computes the feature value of the first-view
image 20 (S104). As described above, resolution enhancement is performed on the
first-view image 20 to generate the resolution-enhanced first-view image 40. Then, the
first feature extracting unit 2040 computes a feature value of the resolution-enhanced
first-view image 40 as the feature value of the first-view image 20.

Fig. 8 illustrates an example structure of the first feature extracting unit 2040. The
first feature extracting unit 2040 may include two machine learning-based models
(e.g., neural networks) called "resolution enhancing model 100" and "feature extracting
model 110".

The resolution enhancing model 100 is configured to take an image as input, and
output another image whose size is the same as the input image. In addition, the
resolution enhancing model 100 is pre-trained to, in response to a first-view image
with a resolution of the first level being input thereinto, enhance the resolution of the
input first-view image to the second level and thereby generate a first-view image with
a resolution of the second level. How to train the resolution enhancing model 100 will
be explained later.

The feature extracting model 110 is configured to take an image as input, and
output a value (e.g., vector or tensor) that is computed based on the input image. In
addition, the feature extracting model 110 is pre-trained to, in response to a first-view
image with a resolution of the second level being input thereinto, compute a feature
value of that input image. How to train the first feature extracting model 110 will be
explained later.

The first feature extracting unit 2040 inputs the first-view image 20 acquired by
the acquiring unit 2020 into the resolution enhancing model 100. As a result, the
resolution enhancing model 100 outputs the resolution-enhanced first-view image 40.
Then, the resolution-enhanced first-view image 40 is fed into the feature extracting
model 110. As a result, the feature extracting model 110 outputs the feature value of
the resolution-enhanced first-view image 40. The feature value of the resolution-
enhanced first-view image 40 is handled as the feature value of the first-view image 20
by the determining unit 2080.

<Computation of Feature Value of Second-View Image: S106>

The second feature extracting unit 2060 computes the feature value of the second-
view image 30 (S106). Fig. 9 illustrates a first example of a structure of the second
feature extracting unit 2060. In the example illustrated by Fig. 9, it is assumed that the
second-view image 30 has a resolution of the second level. Thus, the second feature
extracting unit 2060 does not have a function of enhancing the second-view image 30.
Specifically, the second feature extracting model 2060 may include a machine

learning-based model (e.g., neural network) called "feature extracting model 120".
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The feature extracting model 120 is configured to take an image as input, and
output a value (e.g., vector or tensor) that is computed based on the input image. In
addition, the feature extracting model 120 is pre-trained to, in response to a second-
view image with a resolution of the second level being input thereinto, compute a
feature value of that input image. How to train the second feature extracting model 120
will be explained later.

The second feature extracting unit 2060 inputs the second-view image 30 acquired
by the acquiring unit 2020 into the feature extracting model 120, thereby acquiring the
feature value of the second-view image 30 that is output by the feature extracting
model 120.

When the second-view image 30 has a resolution of the first level, the second
feature extraction unit 2060 further includes a function of enhancing a resolution of the
second-view image 30 to the second level to generate the resolution-enhanced second-
view image 50. Fig. 10 illustrates a second example of a structure of the second feature
extracting unit 2060. In the example illustrated by Fig. 10, it is assumed that the
second-view image 30 has a resolution of the first level. The second feature extracting
unit 2060 includes a resolution enhancing model 130 as well as the feature extracting
model 120.

The resolution enhancing model 130 is configured to take an image as input, and
output another image whose size is the same as the input image. In addition, the
resolution enhancing model 130 is pre-trained to, in response to a second-view image
with a resolution of the first level being input thereinto, enhance the resolution of the
input second-view image to the second level and thereby generate a second-view
image with a resolution of the second level. How to train the resolution enhancing
model 130 will be explained later.

In the case where the image matching apparatus 2000 is configured to handle the
second-view image 30 with the resolution of the first level, the second feature ex-
tracting unit 2060 inputs the second-view image 30 acquired by the acquiring unit
2020 into the resolution enhancing model 130. As a result, the resolution enhancing
model 130 outputs the resolution-enhanced second-view image 50. Then, the
resolution-enhanced second-view image 50 is fed into the feature extracting model
120. As a result, the feature extracting model 120 outputs the feature value of the
resolution-enhanced second-view image 50. The feature value of the resolution-
enhanced second-view image 50 is handled as the feature value of the second-view
image 30 by the determining unit 2080.

<Matching: S108>
The determining unit 2080 determines whether the first-view image 20 and the

second-view image 30 match each other (S108). Specifically, the determining unit
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2080 performs the determination by comparing the feature value of the first-view
image 20 and the feature value of the second-view image 30.

The determining unit 2080 may compute a similarity score, which represents a
degree of similarity between the feature value of the first-view image 20 and the
feature value of the second-view image 30. There are various metrics to quantify a
degree of similarity between feature values, and any one of them can be used to
compute the similarity score. For example, the similarity score may be computed as
one of various types of distance (e.g., L2 distance), correlation, cosine similarity, or
neural network (NN) based similarity between the feature value of the first-view image
20 and the feature value of the second-view image 30. The NN based similarity is the
degree of similarity computed by a neural network that is trained to compute the
degree of similarity between two input data (in this disclosure, the feature value of the
first-view image 20 and the feature value of the second-view image 30).

The determining unit 2080 determines whether the first-view image 20 and the
second-view image 30 match each other based on the similarity score computed for
them. Conceptually, the higher the degree of similarity between the feature value of the
first-view image 20 and the feature value of the second-view image 30 is, the higher
the possibility of that the first-view image 20 and the second-view image 30 match
each other. Therefore, for example, the determining unit 2080 determines whether the
similarity score is equal to or larger than a predefined threshold. If the similarity score
is equal to or larger than the predefined threshold, the determining unit 2080 de-
termines that the first-view image 20 and the second-view image 30 match each other.
On the other hand, if the similarity score is less than a predefined threshold, the de-
termining unit 2080 determines that the first-view image 20 and the second-view
image 30 do not match each other.

It is noted that, in the case mentioned above, the similarity score is assumed to
become larger as the degree of similarity between the feature values becomes higher.
Thus, if a metric (e.g., distance) with which a value computed for the compared feature
values becomes less as the degree of similarity between the compared feature values
becomes higher is used, the similarity score may be defined as a reciprocal of the value
computed for the compared feature values.

In another example, in the case where the similarity score becomes less as the
degree of similarity between the compared feature values becomes higher, the de-
termining unit 2080 may determine whether the similarity score is equal to or less than
a predefined threshold. If the similarity score is equal to or less than the predefined
threshold, the determining unit 2080 determines that the first-view image 20 and the
second-view image 30 match each other. On the other hand, if the similarity score is

larger than the predefined threshold, the determining unit 2080 determines that the
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first-view image 20 and the second-view image 30 do not match each other.
<Output from Image Matching Apparatus>

The image matching apparatus 2000 may output information (hereinafter, output
information) related to a result of the determination. For example, the output in-
formation may indicate whether the first-view image 20 and the second-view image 30
match each other. In addition, as explained with referring to Fig. 7, the output in-
formation may further include the location information that indicates the location at
which the queried image is captured. The queried image is either the first-view image
20 or the second-view image 30. In other words, the queried image is either the
ground-view image or the aerial-view image.

There are various ways to output the output information. For example, the image
matching apparatus 2000 may put the output information into a storage device. In
another example, the image matching apparatus 2000 may output the output in-
formation to a display device so that the display device displays the contents of the
output information. In another example, the image matching apparatus 2000 may
output the output information to another computer, such as one included in the geo-
localization system 500 shown in Fig. 7.

<Training of Models>

As described above, machine learning-based models may be used to compute the
feature value of the first-view image 20 and the feature value of the second-view image
30. Those models are trained in advance of being used by the image matching
apparatus. Hereinafter, an apparatus that performs training of those models are called
"training apparatus".

Fig. 11 is a diagram illustrating an example of functional configuration of the
training apparatus 3000. The training apparatus 3000 includes an acquiring unit 3020, a
computing unit 3040, and an updating unit 3060. The acquiring unit 3020 acquires a
training data. The computing unit 3020 applies the training data to a model to be
trained, and computes a loss based on data output by the model. The updating unit
3060 updates the model based on the loss.

It is noted that models can be updated by updating their trainable parameter based
on the loss. When the model is a neural network, trainable parameters may include
weights assigned to edges and biases.

The training apparatus 3000 may have hardware configuration similar to the
hardware configuration of the image matching apparatus 2000. For example, like the
hardware configuration of the image matching apparatus 2000, the hardware con-
figuration of the training apparatus 3000 may be illustrated by Fig. 5. However, the
storage device of the training apparatus 3000 includes a program that implements the

functions of the training apparatus 3000.
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Fig. 12 is a flowchart illustrating an example flow of processing performed by the
training apparatus 3000. The acquiring unit 3020 acquires the training data (S202). The
computing unit 3040 inputs the training data to the model to be trained (S204). The
computing unit 3040 computes a loss based on data output by the model (S206). The
updating unit 3060 updates the model based on the loss (S208).

It is noted that the processing illustrated by Fig. 12 is repeatedly performed until
the model is sufficiently trained.

Hereinafter, example ways of training the models will be described. Specifically,
example ways of training the models in the first feature extracting unit 2040 will be
described first. Then, example ways of training the models in the second feature ex-
tracting unit 2060 will be described.

<<Training of First Feature Extracting unit 2040>>

As depicted by Fig. 8, the first feature extracting unit 2040 may include the
resolution enhancing model 100 and the feature extracting model 110. Fig. 13 il-
lustrates a first example way of training the first feature extracting unit 2040. First, the
acquiring unit 3020 acquires a first-view image 150 as a training data. The first-view
image 150 is a first-view image with the resolution of the second level.

Then, the computing unit 3040 preforms resolution reduction on the first-view
image 150 to generate a resolution-reduced first-view image 160, which is a first-view
image with the resolution of the first level. For example, the computing unit 3040
performs down-sampling on the first-view image 150 and resizes the obtained image to
the size same as the first-view image 150. By doing so, the computing unit 3040 can
obtain, as the resolution-reduced first-view image 160, a first-view image whose size is
the same as the first-view image 150 and whose resolution is lower than the first-view
image 150.

The computing unit 3040 inputs the resolution-reduced first-view image 160 into
the resolution enhancing model 100, thereby obtaining a resolution-reenhanced first-
view image 170. The resolution-reenhanced first-view image 170 is supposed to be
equivalent to the first-view image 150 when the resolution enhancing model 100 is
already trained sufficiently.

Then, the resolution-reenhanced first-view image 170 is fed into the feature ex-
tracting model 110. As aresult, a feature value of the resolution-reenhanced first-view
image 170 is output by the feature extracting model 110.

The computing unit 3040 also computes a feature value of the first-view image
150. Specifically, the computing unit 3040 inputs the first-view image 150 into a pre-
trained feature extracting model 180, which is a machine learning-based model that is
trained in advance to compute a feature value of a first-view image with the resolution

of the second level.
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The feature value of the resolution-reenhanced first-view image 170 and the
feature value of the first-view image 150 are supposed to be equivalent to each other
when the resolution enhancing model 100 and the feature extracting model 110 are
already trained sufficiently. Thus, the training apparatus 3000 computes a loss that
represents a degree of difference between the feature value of the first-view image 150
and the feature value of the resolution-reenhanced first-view image 170.

The updating unit 3060 uses the computed loss to update the resolution enhancing
model 100 and the feature extracting model 110. Specifically, the updating unit 3060
updates trainable parameters of the resolution enhancing model 100 and trainable pa-
rameters of the feature extracting model 110 based on the loss.

According to the training apparatus 3000 that performs the training depicted by
Fig. 13, it is possible to train the resolution enhancing model 100 so that the resolution
enhancing model 100 can accurately enhance the resolution of a first-view image from
the first level to the second level. In addition, it is possible to train the feature ex-
tracting model 110 so that the feature extracting model 110 can accurately extract the
feature value of a first-view image with the resolution of the second level.

As mentioned above, the pre-trained feature extracting model 180 is trained in
advance. For example, the pre-trained feature extracting model 180 is trained to be
used a part of another image matching apparatus, which is configured to take a first-
view image with the resolution of the second level and a second-view image with the
resolution of the second level, and to determine whether the acquired first-view image
and the acquired second-view image match each other.

Fig. 14 illustrates an image matching apparatus 400 that handles the first-view
image with the resolution of the second level and the second-view image with the
resolution of the second level. The image matching apparatus 400 acquires a first-view
image 410 and a second-view image 420, whose resolutions are of the second level.
The image matching apparatus 400 has a feature extracting model 430 and a feature
extracting model 440. The feature extracting model 430 takes the first-view image 410
as input, and computes a feature value of the first-view image 410. The feature ex-
tracting model 440 takes the second-view image 420 as input, and computes a feature
value of the second-view image 420. The image matching apparatus 400 determines
whether the first-view image 410 and the second-view image 420 match each other by
comparing their feature values.

What the feature extracting model 430 performs is to compute a feature value of
the first-view image whose resolution is of the second level, and this is the same as
what the pre-trained feature extracting model 180 performs. Thus, the feature ex-
tracting model 430 may be employed in the training apparatus 3000 to be used as the

pre-trained feature extracting model 180.
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In some embodiments, after finishing the training of the first feature extracting unit
2040 depicted by Fig. 13, the training apparatus 3000 may further perform additional
training on the feature extracting model 110. Fig. 15 illustrates an additional training
performed on the feature extracting model 110. The acquiring unit 3020 acquires a
first-view image 200 and a second-view image 210 as training data. The first-view
image 200 is a first-view image with the resolution of the first level while the second-
view image 210 is a second-view image with the resolution of the second level.

The computing unit 3040 inputs the first-view image 200 into the resolution
enhancing model 100 that has been trained in the way depicted by Fig. 13, thereby
obtaining a resolution-enhanced first-view image 220. Then, the resolution-enhanced
first-view image 220 is fed into the feature extracting model 110 that has been trained
in the way depicted by Fig. 13. As aresult, a feature value of the resolution-enhanced
first-view image 220 is obtained.

Also, the computing unit 3040 inputs the second-view image 210 into a pre-trained
feature extracting model 230, thereby obtaining a feature value of the second-view
image 210. It is noted that the feature extracting model 440 depicted by Fig. 14 can be
used as the pre-trained feature extracting model 230.

The computing unit 3040 computes a loss that represents a degree of difference
between the feature value of the first-view image 200 and the feature value of the
second-view image 210, and update the feature extracting model 110 based on the loss.
It is noted that the feature extracting model 110 may be trained so that the loss
becomes smaller when the first-view image 200 and the second-view image 210 are
supposed to match each other. On the other hand, the feature extracting model 110 may
be trained so that the loss becomes larger when the first-view image 200 and the
second-view image 210 are supposed not to match each other.

More specifically, the training apparatus 3000 may use, as training data, a set of
the first-view image 200, a positive example of the second-view image 210, and a
negative example of the second-view image 210. The positive example of the second-
view image 210 is a second-view image 210 that is supposed to match the first-view
image 200. On the other hand, the negative example of the second-view image 210 is a
second-view image 210 that is supposed not to match the first-view image 200. In this
case, the training apparatus 3000 may compute a triplet loss based on the feature value
of the first-view image 200, the feature value of the positive example of the second-
view image 210, and the feature value of the negative example of the second-view
image 210, and update the feature extracting model 110 based on the triplet loss.

According to the training depicted by Fig. 15, it is possible to train the feature ex-
tracting model 110 so that the feature extracting model 110 can accurately compute the

feature value of the first-view image from the viewpoint of matching between the first-
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view image and the second-view image.

In some embodiments, the resolution enhancing model 100 may be trained
separately from the feature extracting model 110. Fig. 16 illustrates an example way of
training the resolution enhancing model 100 separately from the feature extracting
model 110.

The acquiring unit 3020 acquires a first-view image 240 as a training data. The
first-view image 240 is a first-view image with the resolution of the second level. The
computing unit 3040 preforms resolution reduction on the first-view image 240 to
generate a resolution-reduced first-view image 250, which is a first-view image with
the resolution of the first level. The computing unit 3040 inputs the resolution-reduced
first-view image 250 into the resolution enhancing model 100, thereby obtaining a
resolution-reenhanced first-view image 260.

The resolution-reenhanced first-view image 260 is supposed to be equivalent to
the first-view image 240 when the resolution enhancing model 100 is already trained
sufficiently. Thus, the computing unit 3040 computes a loss that represents a degree of
difference between the first-view image 240 and the resolution-reenhanced first-view
image 260, and updates the resolution enhancing model 100 based on the loss.

<<Training of Second Feature Extracting Unit 2060>>

As illustrated by Fig. 9, when the resolution of the second-view image 30 is of the
second level, the second feature extracting unit 2060 may include the feature extracting
model 120 and not include the resolution enhancing model 130. In this case, the feature
extracting model 440 depicted by Fig. 14 may be used as the feature extracting model
120.

On the other hand, when the resolution of the second-view image 30 is of the first
level, the second feature extracting unit 2060 may include the resolution enhancing
model 130 and the feature extracting model 120. In this case, the second extracting
model 2060 may be trained in the same manner as the manner of training the first
feature extracting unit 2040.

Fig. 17 illustrates a first example way of training the second feature extracting unit
2060. The acquiring unit 3020 acquires a second-view image 270 as a training data.
The second-view image 270 is a second-view image with the resolution of the second
level.

The computing unit 3040 preforms resolution reduction on the second-view image
270 to generate a resolution-reduced second-view image 280, which is a second-view
image with the resolution of the first level. The computing unit 3040 inputs the
resolution-reduced second-view image 280 into the resolution enhancing model 130,
thereby obtaining a resolution-reenhanced second-view image 290.

The resolution-reenhanced second-view image 290 is fed into the feature ex-
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tracting model 120. As aresult, a feature value of the resolution-reenhanced second-
view image 290 is output by the feature extracting model 120.

The computing unit 3040 also computes a feature value of the second-view image
270. Specifically, the computing unit 3040 inputs the second-view image 270 into a
pre-trained feature extracting model 300, which is a machine learning-based model that
is trained in advance to compute a feature value of a second-view image with the
resolution of the second level. The feature extracting model 340 depicted by Fig. 14
may be used as the pre-trained feature extracting model 300.

The feature value of the resolution-reenhanced first-view image 170 and the
feature value of the first-view image 150 are supposed to be equivalent to each other
when the resolution enhancing model 130 and the feature extracting model 120 are
already trained sufficiently. Thus, the computing unit 3040 computes a loss that
represents a degree of difference between the feature value of the second-view image
270 and the feature value of the resolution-reenhanced second-view image 290.

The updating unit 3060 uses the computed loss to update the resolution enhancing
model 130 and the feature extracting model 120. Specifically, the updating unit 3060
updates trainable parameters of the resolution enhancing model 130 and trainable pa-
rameters of the feature extracting model 120 based on the loss.

According to the training apparatus 3000 that performs the training depicted by
Fig. 17, it is possible to train the resolution enhancing model 130 so that the resolution
enhancing model 130 can accurately enhance the resolution of a second-view image
from the first level to the second level. In addition, it is possible to train the feature ex-
tracting model 120 so that the feature extracting model 120 can accurately extract the
feature value of a second-view image with the resolution of the second level.

In some embodiments, after finishing the training of the second feature extracting
unit 2060 depicted by Fig. 17, the training apparatus 3000 may further perform ad-
ditional training on the feature extracting model 120. Fig. 18 illustrates an additional
training performed on the feature extracting model 120. The acquiring unit 3020
acquires a first-view image 310 and a second-view image 320 as training data. The
first-view image 310 is a first-view image with the resolution of the second level while
the second-view image 320 is a second-view image with the resolution of the first
level.

The computing unit 3040 inputs the second-view image 320 into the resolution
enhancing model 130 that has been trained in the way depicted by Fig. 17, thereby
obtaining a resolution-enhanced second-view image 330. Then, the resolution-
enhanced second-view image 330 is fed into the feature extracting model 120 that has
been trained in the way depicted by Fig. 17. As a result, a feature value of the

resolution-enhanced second-view image 330 is obtained.
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Also, the computing unit 3040 inputs the first-view image 310 into a pre-trained
feature extracting model 340, thereby obtaining a feature value of the first-view image
310. It is noted that the feature extracting model 430 depicted by Fig. 14 can be used as
the pre-trained feature extracting model 340.

The computing unit 3040 computes a loss that represents a degree of difference
between the feature value of the first-view image 310 and the feature value of the
second-view image 320, and update the feature extracting model 120 based on the loss.
It is noted that the feature extracting model 120 may be trained so that the loss
becomes smaller when the first-view image 310 and the second-view image 320 are
supposed to match each other. On the other hand, the feature extracting model 120 may
be trained so that the loss becomes larger when the first-view image 310 and the
second-view image 320 are supposed not to match each other.

More specifically, the training apparatus 3000 may use, as training data, a set of
the first-view image 310, a positive example of the second-view image 320, and a
negative example of the second-view image 320. The positive example of the second-
view image 320 is a second-view image 320 that is supposed to match the first-view
image 310. On the other hand, the negative example of the second-view image 320 is a
second-view image 320 that is supposed not to match the first-view image 310. In this
case, the training apparatus 3000 may compute a triplet loss based on the feature value
of the first-view image 310, the feature value of the positive example of the second-
view image 320, and the feature value of the negative example of the second-view
image 320, and update the feature extracting model 120 based on the triplet loss.

According to the training depicted by Fig. 18, it is possible to train the feature ex-
tracting model 120 so that the feature extracting model 120 can accurately compute the
feature value of the second-view image from the viewpoint of matching between the
first-view image and the second-view image.

In some embodiments, the resolution enhancing model 130 may be trained
separately from the feature extracting model 120. Fig. 19 illustrates an example way of
training the resolution enhancing model 130 separately from the feature extracting
model 120.

The acquiring unit 3020 acquires a second-view image 350 as a training data. The
second-view image 350 is a second-view image with the resolution of the second level.
The computing unit 3040 preforms resolution reduction on the second-view image 350
to generate a resolution-reduced second-view image 360, which is a second-view
image with the resolution of the first level. The computing unit 3040 inputs the
resolution-reduced second-view image 360 into the resolution enhancing model 130,
thereby obtaining a resolution-reenhanced second-view image 370.

The resolution-reenhanced second-view image 370 is supposed to be equivalent to
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the second-view image 350 when the resolution enhancing model 130 is already
trained sufficiently. Thus, the computing unit 3040 computes a loss that represents a
degree of difference between the second-view image 350 and the resolution-
reenhanced second-view image 370, and updates the resolution enhancing model 130
based on the loss.

The program can be stored and provided to a computer using any type of non-
transitory computer readable media. Non-transitory computer readable media include
any type of tangible storage media. Examples of non-transitory computer readable
media include magnetic storage media (such as floppy disks, magnetic tapes, hard disk
drives, etc.), optical magnetic storage media (e.g., magneto-optical disks), CD-ROM
(compact disc read only memory), CD-R (compact disc recordable), CD-R/W
(compact disc rewritable), and semiconductor memories (such as mask ROM, PROM
(programmable ROM), EPROM (erasable PROM), flash ROM, RAM (random access
memory), etc.). The program may be provided to a computer using any type of
transitory computer readable media. Examples of transitory computer readable media
include electric signals, optical signals, and electromagnetic waves. Transitory
computer readable media can provide the program to a computer via a wired commu-
nication line (e.g., electric wires, and optical fibers) or a wireless communication line.

While the present disclosure has been particularly shown and described with
reference to example embodiments thereof, the present disclosure is not limited to
these example embodiments. It will be understood by those of ordinary skill in the art
that various changes in form and details may be made therein without departing from
the spirit and scope of the present disclosure as defined by the claims. And each em-
bodiment can be appropriately combined with at least one of embodiments.

Each of the drawings or figures is merely an example to illustrate one or more
example embodiments. Each figure may not be associated with only one particular
example embodiment, but may be associated with one or more other example em-
bodiments. As those of ordinary skill in the art will understand, various features or
steps described with reference to any one of the figures can be combined with features
or steps illustrated in one or more other figures, for example, to produce example em-
bodiments that are not explicitly illustrated or described. Not all of the features or steps
illustrated in any one of the figures to describe an example embodiment are necessarily
essential, and some features or steps may be omitted. The order of the steps described
in any of the figures may be changed as appropriate.

The whole or part of the example embodiments disclosed above can be described
as, but not limited to, the following supplementary notes.

<Supplementary notes>
(Supplementary Note 1)
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An image matching apparatus comprising:

at least one memory that is configured to store instructions; and

at least one processor that is configured to execute the instructions to:

acquire a first-view image and a second-view image;

compute a feature value of the first-view image;

compute a feature value of the second-view image; and

determine whether the first-view image and the second-view image match each
other based on the feature value of the first-view image and the feature value of the
second-view image,

wherein the computation of the feature value of the first-view image includes:

enhancing a resolution of the first-view image to generate a resolution-enhanced
first-view image; and

computing a feature value of the resolution-enhanced first-view image as the feature
value of the first-view image,

wherein the first-view image and the second-view image are respectively a ground-
view image and an aerial-view image, or the first-view image and the second-view
image are respectively an aerial-view image and a ground-view image.
(Supplementary Note 2)

An image matching apparatus according to supplementary note 1,

wherein the computation of the feature value of the second-view image includes:

enhancing a resolution of the second-view image to generate a resolution-enhanced
second-view image; and

computing a feature value of the resolution-enhanced second-view image as the
feature value of the second-view image.
(Supplementary Note 3)

An image matching method performed by a computer, comprising:

acquiring a first-view image and a second-view image;

computing a feature value of the first-view image;

computing a feature value of the second-view image; and

determining whether the first-view image and the second-view image match each
other based on the feature value of the first-view image and the feature value of the
second-view image,

wherein the computation of the feature value of the first-view image includes:

enhancing a resolution of the first-view image to generate a resolution-enhanced
first-view image; and

computing a feature value of the resolution-enhanced first-view image as the feature
value of the first-view image,

wherein the first-view image and the second-view image are respectively a ground-
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view image and an aerial-view image, or the first-view image and the second-view
image are respectively an aerial-view image and a ground-view image.
(Supplementary Note 4)

The image matching method according to supplementary note 3,

wherein the computation of the feature value of the second-view image includes:

enhancing a resolution of the second-view image to generate a resolution-enhanced
second-view image; and

computing a feature value of the resolution-enhanced second-view image as the
feature value of the second-view image.
(Supplementary Note 5)

A non-transitory computer-readable medium storing a program that cause a
computer to execute:

acquiring a first-view image and a second-view image;

computing a feature value of the first-view image;

computing a feature value of the second-view image; and

determining whether the first-view image and the second-view image match each
other based on the feature value of the first-view image and the feature value of the
second-view image,

wherein the computation of the feature value of the first-view image includes:

enhancing a resolution of the first-view image to generate a resolution-enhanced
first-view image; and

computing a feature value of the resolution-enhanced first-view image as the feature
value of the first-view image,

wherein the first-view image and the second-view image are respectively a ground-
view image and an aerial-view image, or the first-view image and the second-view
image are respectively an aerial-view image and a ground-view image.
(Supplementary Note 6)

The medium according to supplementary note 5,

wherein the computation of the feature value of the second-view image includes:

enhancing a resolution of the second-view image to generate a resolution-enhanced
second-view image; and

computing a feature value of the resolution-enhanced second-view image as the
feature value of the second-view image.
(Supplementary Note 7)

A training apparatus comprising:

at least one memory that is configured to store instructions; and

at least one processor that is configured to execute the instructions to:

acquire a target image; and
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perform training of one or more models,

wherein the training of the one or more models includes:

reducing a resolution of the acquired target image to generate a resolution-reduced
target image;

inputting the resolution-reduced target image into a resolution enhancing model to
generate a resolution-reenhanced target image;

computing a loss using the acquired target image and the resolution-reenhanced
target image; and

updating the resolution enhancing model based on the loss,

wherein the target image is a ground-view image or an aerial-view image.
(Supplementary Note 8)

The training apparatus according to supplementary note 7,

wherein the reduction of the resolution of the acquired target image includes:

down-sampling the acquired target image; and

increase a size of an image that is acquired by the down-sampling to a size of the
acquired target image, thereby generating the resolution-reduced target image.
(Supplementary Note 9)

The training apparatus comprising according to supplementary note 7 or §,

wherein the loss is computed so as to represent a degree of difference between the
acquired target image and the resolution-reenhanced target image.
(Supplementary Note 10)

The training apparatus comprising according to supplementary note 7 or §,

wherein the training of the one or more models further includes:

inputting the resolution-reenhanced target image into a feature extracting model to
compute a feature value of the resolution-reenhanced target image;

computing a feature value of the acquired target image;

computing the loss that represents a degree of difference between the feature value
of the acquired target image and the feature value of the resolution-reenhanced target
image; and

updating the resolution-reenhanced target image and the feature extracting model
based on the loss.
(Supplementary Note 11)

A training method performed by a computer, comprising:

acquiring a target image; and

performing training of one or more models,

wherein the training of the one or more models includes:

reducing a resolution of the acquired target image to generate a resolution-reduced

target image;
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inputting the resolution-reduced target image into a resolution enhancing model to
generate a resolution-reenhanced target image;

computing a loss using the acquired target image and the resolution-reenhanced
target image; and

updating the resolution enhancing model based on the loss,

wherein the target image is a ground-view image or an aerial-view image.
(Supplementary Note 12)

The training method according to supplementary note 11,

wherein the reduction of the resolution of the acquired target image includes:

down-sampling the acquired target image; and

increase a size of an image that is acquired by the down-sampling to a size of the
acquired target image, thereby generating the resolution-reduced target image.
(Supplementary Note 13)

The training method comprising according to supplementary note 11 or 12,

wherein the loss is computed so as to represent a degree of difference between the
acquired target image and the resolution-reenhanced target image.
(Supplementary Note 14)

The training method comprising according to supplementary note 11 or 12,

wherein the training of the one or more models further includes:

inputting the resolution-reenhanced target image into a feature extracting model to
compute a feature value of the resolution-reenhanced target image;

computing a feature value of the acquired target image;

computing the loss that represents a degree of difference between the feature value
of the acquired target image and the feature value of the resolution-reenhanced target
image; and

updating the resolution-reenhanced target image and the feature extracting model
based on the loss.
(Supplementary Note 15)

A non-transitory computer-readable medium storing a program that causes a
computer to execute:

acquiring a target image; and

performing training of one or more models,

wherein the training of the one or more models includes:

reducing a resolution of the acquired target image to generate a resolution-reduced
target image;

inputting the resolution-reduced target image into a resolution enhancing model to
generate a resolution-reenhanced target image;

computing a loss using the acquired target image and the resolution-reenhanced
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[0115]

[0116]

target image; and

updating the resolution enhancing model based on the loss,

wherein the target image is a ground-view image or an aerial-view image.
(Supplementary Note 16)

The medium according to supplementary note 15,

wherein the reduction of the resolution of the acquired target image includes:

down-sampling the acquired target image; and

increase a size of an image that is acquired by the down-sampling to a size of the
acquired target image, thereby generating the resolution-reduced target image.
(Supplementary Note 17)

The medium according to supplementary note 15 or 16,

wherein the loss is computed so as to represent a degree of difference between the
acquired target image and the resolution-reenhanced target image.
(Supplementary Note 18)

The medium according to supplementary note 15 or 16,

wherein the training of the one or more models further includes:

inputting the resolution-reenhanced target image into a feature extracting model to
compute a feature value of the resolution-reenhanced target image;

computing a feature value of the acquired target image;

computing the loss that represents a degree of difference between the feature value
of the acquired target image and the feature value of the resolution-reenhanced target
image; and

updating the resolution-reenhanced target image and the feature extracting model

based on the loss.
Some or all of elements specified in any of Supplementary Notes may be applied

to various types of hardware, software, and recording means for recording software,
systems, and methods.
Reference Signs List
10 ground-view image
15 aerial-view image
20 first-view image
30 second-view image
40 resolution-enhanced first-view image
50 resolution-enhanced second-view image
100 resolution enhancing model
110 feature extracting model

120 feature extracting model
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130 resolution-enhancing model

150 first-view image

160 resolution-reduced first-view image
170 resolution-reenhanced first-view image
180 feature extracting model

200 first-view image

210 second-view image

220 resolution-enhanced first-view image
230 feature extracting model

240 first-view image

250 resolution-reduced first-view image
260 resolution-reenhanced first-view image
270 second-view image

280 resolution-reduced second-view image
290 resolution-reenhanced second-view image
300 feature extracting model

310 first-view image

320 second-view image

330 resolution-enhanced second-view image
340 feature extracting model

350 second-view image

360 resolution-reduced second-view image
370 resolution-reenhanced second-view image
400 image matching apparatus

410 first-view image

420 second-view image

430 feature extracting model

440 feature extracting model

500 geo-localization system

600 location database

1000 computer

1020 bus

1040 processor

1060 memory

1080 storage device

1100 input/output interface

1120 network interface

2000 image matching apparatus
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2020 acquiring unit
2040 first feature extracting unit

2060 second feature extracting unit
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Claims

An image matching apparatus comprising:

at least one memory that is configured to store instructions; and

at least one processor that is configured to execute the instructions
to:

acquire a first-view image and a second-view image;

compute a feature value of the first-view image;

compute a feature value of the second-view image; and

determine whether the first-view image and the second-view image
match each other based on the feature value of the first-view image and
the feature value of the second-view image,

wherein the computation of the feature value of the first-view image
includes:

enhancing a resolution of the first-view image to generate a
resolution-enhanced first-view image; and

computing a feature value of the resolution-enhanced first-view
image as the feature value of the first-view image,

wherein the first-view image and the second-view image are re-
spectively a ground-view image and an aerial-view image, or the first-
view image and the second-view image are respectively an aerial-view
image and a ground-view image.

An image matching apparatus according to claim 1,

wherein the computation of the feature value of the second-view
image includes:

enhancing a resolution of the second-view image to generate a
resolution-enhanced second-view image; and

computing a feature value of the resolution-enhanced second-view
image as the feature value of the second-view image.

An image matching method performed by a computer, comprising:

acquiring a first-view image and a second-view image;

computing a feature value of the first-view image;

computing a feature value of the second-view image; and

determining whether the first-view image and the second-view image
match each other based on the feature value of the first-view image and
the feature value of the second-view image,

wherein the computation of the feature value of the first-view image

includes:
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enhancing a resolution of the first-view image to generate a
resolution-enhanced first-view image; and
computing a feature value of the resolution-enhanced first-view
image as the feature value of the first-view image,
wherein the first-view image and the second-view image are re-
spectively a ground-view image and an aerial-view image, or the first-
view image and the second-view image are respectively an aerial-view
image and a ground-view image.
[Claim 4] The image matching method according to claim 3,
wherein the computation of the feature value of the second-view
image includes:
enhancing a resolution of the second-view image to generate a
resolution-enhanced second-view image; and
computing a feature value of the resolution-enhanced second-view
image as the feature value of the second-view image.
[Claim 5] A non-transitory computer-readable medium storing a program that
cause a computer to execute:
acquiring a first-view image and a second-view image;
computing a feature value of the first-view image;
computing a feature value of the second-view image; and
determining whether the first-view image and the second-view image
match each other based on the feature value of the first-view image and
the feature value of the second-view image,
wherein the computation of the feature value of the first-view image
includes:
enhancing a resolution of the first-view image to generate a
resolution-enhanced first-view image; and
computing a feature value of the resolution-enhanced first-view
image as the feature value of the first-view image,
wherein the first-view image and the second-view image are re-
spectively a ground-view image and an aerial-view image, or the first-
view image and the second-view image are respectively an aerial-view
image and a ground-view image.
[Claim 6] The medium according to claim 5,
wherein the computation of the feature value of the second-view
image includes:
enhancing a resolution of the second-view image to generate a

resolution-enhanced second-view image; and
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[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]
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computing a feature value of the resolution-enhanced second-view
image as the feature value of the second-view image.

A training apparatus comprising:

at least one memory that is configured to store instructions; and

at least one processor that is configured to execute the instructions
to:

acquire a target image; and

perform training of one or more models,

wherein the training of the one or more models includes:

reducing a resolution of the acquired target image to generate a
resolution-reduced target image;

inputting the resolution-reduced target image into a resolution
enhancing model to generate a resolution-reenhanced target image;

computing a loss using the acquired target image and the resolution-
reenhanced target image; and

updating the resolution enhancing model based on the loss,

wherein the target image is a ground-view image or an aerial-view
image.

The training apparatus according to claim 7,

wherein the reduction of the resolution of the acquired target image
includes:

down-sampling the acquired target image; and

increase a size of an image that is acquired by the down-sampling to
a size of the acquired target image, thereby generating the resolution-
reduced target image.

The training apparatus comprising according to claim 7 or 8§,

wherein the loss is computed so as to represent a degree of difference
between the acquired target image and the resolution-reenhanced target
image.

The training apparatus comprising according to claim 7 or 8§,

wherein the training of the one or more models further includes:

inputting the resolution-reenhanced target image into a feature ex-
tracting model to compute a feature value of the resolution-reenhanced
target image;

computing a feature value of the acquired target image;

computing the loss that represents a degree of difference between the
feature value of the acquired target image and the feature value of the

resolution-reenhanced target image; and
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updating the resolution-reenhanced target image and the feature ex-
tracting model based on the loss.
[Claim 11] A training method performed by a computer, comprising:
acquiring a target image; and
performing training of one or more models,
wherein the training of the one or more models includes:
reducing a resolution of the acquired target image to generate a
resolution-reduced target image;

inputting the resolution-reduced target image into a resolution
enhancing model to generate a resolution-reenhanced target image;

computing a loss using the acquired target image and the resolution-
reenhanced target image; and

updating the resolution enhancing model based on the loss,

wherein the target image is a ground-view image or an aerial-view
image.
[Claim 12] The training method according to claim 11,
wherein the reduction of the resolution of the acquired target image
includes:

down-sampling the acquired target image; and

increase a size of an image that is acquired by the down-sampling to
a size of the acquired target image, thereby generating the resolution-
reduced target image.

[Claim 13] The training method comprising according to claim 11 or 12,
wherein the loss is computed so as to represent a degree of difference

between the acquired target image and the resolution-reenhanced target
image.
[Claim 14] The training method comprising according to claim 11 or 12,
wherein the training of the one or more models further includes:
inputting the resolution-reenhanced target image into a feature ex-
tracting model to compute a feature value of the resolution-reenhanced
target image;

computing a feature value of the acquired target image;

computing the loss that represents a degree of difference between the
feature value of the acquired target image and the feature value of the
resolution-reenhanced target image; and

updating the resolution-reenhanced target image and the feature ex-
tracting model based on the loss.

[Claim 15] A non-transitory computer-readable medium storing a program that
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[Claim 16]

[Claim 17]

[Claim 18]
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causes a computer to execute:

acquiring a target image; and

performing training of one or more models,

wherein the training of the one or more models includes:

reducing a resolution of the acquired target image to generate a
resolution-reduced target image;

inputting the resolution-reduced target image into a resolution
enhancing model to generate a resolution-reenhanced target image;

computing a loss using the acquired target image and the resolution-
reenhanced target image; and

updating the resolution enhancing model based on the loss,

wherein the target image is a ground-view image or an aerial-view
image.

The medium according to claim 15,

wherein the reduction of the resolution of the acquired target image
includes:

down-sampling the acquired target image; and

increase a size of an image that is acquired by the down-sampling to
a size of the acquired target image, thereby generating the resolution-
reduced target image.

The medium according to claim 15 or 16,

wherein the loss is computed so as to represent a degree of difference
between the acquired target image and the resolution-reenhanced target
image.

The medium according to claim 15 or 16,

wherein the training of the one or more models further includes:

inputting the resolution-reenhanced target image into a feature ex-
tracting model to compute a feature value of the resolution-reenhanced
target image;

computing a feature value of the acquired target image;

computing the loss that represents a degree of difference between the
feature value of the acquired target image and the feature value of the
resolution-reenhanced target image; and

updating the resolution-reenhanced target image and the feature ex-

tracting model based on the loss.
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