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Description

Title of Invention: LEARNING APPARATUS, LEARNING
RESULT USING APPARATUS, LEARNING METHOD AND
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LEARNING PROGRAM
Technical Field

The present invention relates to a learning apparatus, a learning result using
apparatus, a learning method, and a learning program.

CROSS-REFERENCES TO RELATED APPLICATIONS

This application claims priority to Japanese Patent Application No.2017-038492 filed

March 1, 2017, the entire contents of which are incorporated herein by reference.

Background Art

In recent years, studies related to machine learning have been widely performed. In
particular, due to the development of techniques called deep learning, learning
modules that exhibit performance equivalent to or higher than the recognizing ca-
pability of humans have become available.

As an application example of machine learning, JP 2016-99165A describes a cal-
culation apparatus that uses a pressure sensor that directly acquires a body weight and
an image capturing apparatus that indirectly acquires a body weight and improves the
accuracy of measurement by machine learning that uses measurement values of the
pressure sensor and measurement values of the image capturing apparatus. JP
2016-99165A is an example of background art.

Summary of Invention

The apparatus described in JP 2016-99165A aims to acquire an accurate mea-
surement result even if the measurement target moves by complementing the mea-
surement value of the pressure sensor with the measurement value of the image
capturing apparatus. However, with the apparatus described in JP 2016-99165A, it is
necessary to install multiple types of measurement devices for machine learning in the
environment in which the apparatus is used, and there are disadvantages such as the
burden of installing multiple types of measurement devices, an increase in cost, and an
increase in the size of the apparatus.

In view of this, it is an object of the present invention to provide a technique for
acquiring a desired learning result in which multiple types of training data are in-
corporated without increasing the types of devices for obtaining training data.

A learning apparatus according to one aspect of the present invention has a first
learning control unit that trains a first learning module based on first training data and

second training data associated with the first training data so as to output first output
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data corresponding to features of the first training data and the second training data,
and a second learning control unit that trains a second learning module by supervised
learning in which supervisor data is the first output data that is output from the first
learning module in a case where the first training data is input to the first learning
module, based on the first training data, so as to output second output data.

According to this aspect, the first output data corresponding to the features of the first
training data and the second training data is output by the first learning module that
accepts the first training data and the second training data as input data, and the second
output data is output by the second learning module that accepts the first training data
as input data. The second learning module is trained by supervised learning in which
supervisor data is the first output data, and thus the feature of the second training data
is indirectly included in the second learning module. Therefore, the first learning
module having a desired performance is generated by using both the first training data
and the second training data, whereas the second learning module having the same per-
formance as the first learning module is generated by using the first training data and
the first output data from the first learning module (i.e., without using the second
training data). That is, although training of the first learning module requires a device
for obtaining the first training data (the first training data obtaining device) and a
device for obtaining the second training data (the second training data obtaining
device), training of the second learning module does not require the second training
data obtaining device. As a result, it is possible to acquire a desired learning result in
which multiple types of training data are incorporated without increasing types of
devices for obtaining training data, and thus it is possible to reduce the number of
items of hardware that are used and the processing load of the hardware processor due
to a reduction in the data amount.

In the above aspect, the second learning control unit may train the second learning
module after training of the first learning module.

According to this aspect, the second learning module can be trained using the first
output data of the first learning module as supervisor data, after the first learning
module learns the features of the first training data and the second training data, and
thus the feature of the second training data is more accurately incorporated in the
learning of the second learning module.

In the above aspect, the first training data may be data in the same form as input data
that is input to a trained second learning module, which is acquired as a result of
training performed by the second learning control unit, or a copy of the trained second
learning module, and the second training data may be data temporally related to the
first training data, and may be data in a form different from input data that is input to

the trained second learning module or the copy of the trained second learning module.
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According to this aspect, the first learning module can perform multilateral learning
based on the first training data in the same form as the input data that is input to the
trained second learning module and the second training data that complements or re-
inforces the first training data. In addition, if the first output data of the first learning
module that performs multilateral learning serves as supervisor data, the second
learning module can perform supervised learning that extracts a feature that is
sometimes not extracted by training based only the first training data.

In the above aspect, the first learning control unit may train the first learning module
by unsupervised learning based on the first training data and the second training data
so as to output the first output data.

According to this aspect, the first output data corresponding to the features of the first
training data and the second training data can be autonomously generated by the first
learning module, making it possible to perform more objective feature extraction. In
addition, it is not necessary to prepare supervisor data, and thus there is no processing
load or communication load for generating and collecting supervisor data, and it is not
necessary to secure the storage capacity for storing supervisor data.

In the above aspect, the first learning control unit may train the first learning module
by supervised learning that uses supervisor data including attribute information of the
first training data and the second training data, based on the first training data and the
second training data, so as to output the first output data.

According to this aspect, it is possible to generate the first output data corresponding
to the features of the first training data and the second training data in consideration of
existing attribute information. In addition, it is not necessary to assign meaning to the
first output data, and thus it is not necessary to perform calculation or communication
in order to interpret the first output data, whereby the processing load and the commu-
nication load are suppressed.

In the above aspect, the first learning module and the second learning module may
each include a neural network, and a scale of the neural network included in the second
learning module may be smaller than a scale of the neural network included in the first
learning module.

According to this aspect, high-load processing is performed in the learning apparatus
that is relatively rich in calculation resources, and it is possible to suppress the scale of
a neural network that is set in a learning result using apparatus to a small scale, and to
suppress the processing load and the communication load of the learning result using
apparatus.

In the above aspect, the first training data may include image data of a target, the
second training data may include sensing data acquired by measuring the target using a

sensor when the image data is shot, and the first output data and the second output data
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may include data related to the target.

According to this aspect, the second learning module that outputs the second output
data corresponding to a feature of the image data can indirectly learn a feature that is
included in the sensing data and cannot be extracted from the image data, and the
second learning module that outputs more accurate second output data is acquired.

In the above aspect, the first training data may include image data acquired by
shooting a person, the second training data may include vital data of the person when
the image data is shot, and the first output data and the second output data may be data
corresponding to a human emotion.

According to this aspect, the second learning module that outputs the second output
data corresponding to a feature of the person that was shot can indirectly learn a
feature that is included in vital data and cannot be extracted from the image data, and
the second learning module that outputs more accurate second output data is acquired.

In the above aspect, the first training data may include image data acquired by
shooting a vehicle, the second training data may include sensing data acquired by
performing measurement using a sensor provided in the vehicle when the image data is
shot, and the first output data and the second output data may be data corresponding to
an operation of the vehicle.

According to this aspect, the second learning module that outputs the second output
data corresponding to a feature of the shot vehicle can indirectly learn a feature that
cannot be extracted from the image data and is included in the sensing data, and the
second learning module is acquired, which outputs the second output data that is more
accurate.

The learning result using apparatus according to one aspect of the present invention
has a learning module setting unit that acquires the trained second learning module
acquired as a result of training performed by the second learning control unit provided
in the learning apparatus of the above aspect or a copy of the trained second learning
module, and sets the trained second learning module or the copy of the trained second
learning module as a third learning module, an input unit for inputting data having the
same form as the first training data to the third learning module, and an output unit for
outputting output data from the third learning module.

According to this aspect, output data corresponding to a feature of input data is
output by the third learning module that accepts the data having the same form as the
first training data as the input data. The third learning module is set by the trained
second learning module or the copy of the trained second learning module, and thus
the third learning module indirectly includes a feature of the second training data.
Therefore, it is possible to acquire a desired learning result in which multiple types of

training data are incorporated without increasing types of devices for obtaining training
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training, by a control unit configured to control machine learning, a first learning
module based on first training data and second training data associated with the first
training data so as to output first output data corresponding to features of the first
training data and the second training data, and training, by the control unit, a second
learning module by supervised learning in which supervisor data is the first output data
that is output from the first learning module in a case where the first training data is
input to the first learning module, based on the first training data, so as to output
second output data.

According to this aspect, the first output data corresponding to the features of the first
training data and the second training data is output by the first learning module that
accepts the first training data and the second training data as input data, and the second
output data is output by the second learning module that accepts the first training data
as input data. The second learning module performs supervised learning in which su-
pervisor data is the first output data, and thus data indirectly includes the feature of the
second training data. Therefore, the second learning module in which the second
training data is incorporated is acquired without using the second training data
obtaining device.

A method for producing a trained learning module or a copy of the trained learning
module according to one aspect of the present invention includes outputting a trained
second learning module acquired as a result of training the second learning module by
the learning method of the above aspect or a copy of the trained second learning
module.

According to this aspect, the second learning module or a copy of the second
learning module in which the second training data is incorporated is acquired without
using the second training data obtaining device.

A trained learning module or a copy of the trained learning module according to one
aspect of the present invention is acquired as a result of training the second learning
module by the learning method of the above aspect.

According to this aspect, the trained learning module or the copy of the trained
learning module in which the second training data is incorporated is acquired without
using the second training data obtaining device.

A learning program according to one aspect of the present invention includes in-
structions which, when the program is executed by a computer, cause the computer to
function as perform a method including training a first learning module based on first
training data and second training data associated with the first training data so as to

output first output data corresponding to features of the first training data and the
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second training data, and training a second learning module by supervised learning in
which supervisor data is the first output data that is output from the first learning
module in a case where the first training data is input to the first learning module,

based on the first training data, so as to output second output data.
According to this aspect, the first output data corresponding to the features of the first

training data and the second training data is output by the first learning module that
accepts the first training data and the second training data as input data, and the second
output data is output by the second learning module that accepts the first training data
as input data. The second learning module performs supervised learning in which su-
pervisor data is the first output data, and thus the second output data indirectly includes
the feature of the second training data. Therefore, the second learning module in which
the second training data is incorporated is acquired without using the second training
data obtaining device.

According to the present invention, a technique is obtained that makes it possible to
acquire a desired learning result in which multiple types of training data are in-
corporated without increasing types of devices for obtaining training data
Brief Description of Drawings
[fig.1]Fig. 1 is a diagram showing the network configuration of a learning apparatus
and a learning result using apparatus according to an embodiment of the present
invention.

[fig.2]Fig. 2 is a diagram showing the physical configuration of the learning apparatus
according to the embodiment of the present invention.

[fig.3]Fig. 3 is a functional block diagram of the learning apparatus according to the
embodiment of the present invention.

[fig.4]Fig. 4 is a functional block diagram of the learning result using apparatus
according to the embodiment of the present invention.

[fig.5]Fig. 5 is a conceptual diagram showing the input/output relationship of a first
neural network of the learning apparatus according to the embodiment of the present
invention.

[fig.6]Fig. 6 is a conceptual diagram showing the input/output relationship of a second
neural network of the learning apparatus according to the embodiment of the present
invention.

[fig.7]Fig. 7 is a conceptual diagram showing the input/output relationship of a third
neural network of the learning result using apparatus according to the embodiment of
the present invention.

[fig.8]Fig. 8 is a flowchart of processing executed by the learning apparatus according

to the embodiment of the present invention.
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[fig.9]Fig. 9 is a flowchart of processing executed by the learning result using
apparatus according to the embodiment of the present invention.
Description of Embodiments

Embodiments of the present invention will be described below with reference to the
attached drawings. Note that in the figures, the same or similar constituent elements
are denoted by the same reference numerals.

Fig. 1 is a diagram showing the network configuration of a learning apparatus 10 and
a learning result using apparatus 20 according to an embodiment of the present
invention. The learning apparatus 10 according to this embodiment is connected to the
learning result using apparatus 20, one or more sensors 30 and a sensing data storage
DB via a communication network N. The communication network N may be either a
wired communication network or a wireless communication network constituted by a
wired or wireless line, or may be the Internet or a LAN (Local Area Network). Note
that in Fig. 1, the sensing data storage DB, the learning apparatus 10 and the learning
result using apparatus 20 are configured separately, but may be configured integrally.
Specifically, the sensing data storage DB, the learning apparatus 10 and the learning
result using apparatus 20 may all be configured to be integrated, or two out of the
sensing data storage DB, the learning apparatus 10 and the learning result using
apparatus 20 may be selectively configured to be integrated. Here, in the case where
the sensing data storage DB, the learning apparatus 10 and the learning result using
apparatus 20 are configured to be integrated, the elements thereof are connected to
each other via an internal bus.

The learning apparatus 10 trains a first learning module and a second learning
module based on training data including at least one of sensing data acquired from the
sensor 30 and sensing data stored in the sensing data storage DB. The learning
apparatus 10 according to this embodiment is provided with the first learning module
and the second learning module, but the first learning module and the second learning
module may be provided in an apparatus separated from the learning apparatus 10.
Note that a learning module includes a unit of dedicated or general-purpose hardware
or software having a learning capability, or a combination of units of such hardware
and software. Here, the learning capability refers to the ability to improve a capability
of processing a certain task based on experience acquired from training data.

The learning result using apparatus 20 outputs output data corresponding to the
feature of input data using a learning result of the learning apparatus 10. The learning
apparatus 10 according to this embodiment acquires, from the learning apparatus 10,
the trained second learning module or a copy of the trained second learning module,

and sets the trained second learning module or the copy of the trained second learning



WO 2018/159666 PCT/JP2018/007476

[0041]

module as a third learning module. Note that a copy of a trained learning module
includes a unit of dedicated or general-purpose hardware or software that can
reproduce a function of the trained learning module, or a combination of units of such
hardware or software. A copy of a trained learning module does not necessarily need to
have a learning capability. In addition, the configuration of a trained learning module
and the configuration of a copy of the trained learning module do not necessarily need
to match each other. In addition, a copy of a trained learning module includes a trained
learning module or a copy of the trained learning module that has completed trained
and also performed additional training. In the case of the second learning module
according to this embodiment, a copy of the trained second learning module includes a
learning module acquired as a result of causing the trained second learning module or a
copy of the trained second learning module to perform additional training based on ad-
ditional training data in the same form as first training data so as to output additional
output data. A copy of the trained second learning module also includes a learning
module acquired as a result of causing the trained second learning module or a copy of
the trained second learning module to perform additional training based on first
training data so as to output additional output data. A copy of a trained learning
module further includes a learning module acquired by so-called distillation.
Specifically, a copy of a trained learning module includes another trained learning
module that has a structure different from that of the trained learning module and has
been trained so as to have a function of the trained learning module. Here, the structure
of the other learning module may be simpler than the structure of the trained learning
module, may be more suitable for being deployed, and output data of the trained
learning module may be used for the training of the other learning module. Note that a
copy of a trained learning module includes a trained learning module that is acquired
by changing a method for normalization for preventing overfitting, changing a learning
rate of back propagation, or changing an updating algorithm of a weight coefficient, in
the training process of the learning module. In addition, acquiring the trained second
learning module or a copy of the trained second learning module refers to acquiring in-
formation required to reproduce, in the learning result using apparatus 20, a function of
the trained second learning module. For example, if the second learning module
includes a neural network, acquiring the trained second learning module or a copy of
the trained second learning module refers to acquiring at least information regarding
the number of layers of the neural network, the number of nodes for each of the layers,
weight parameters of links connecting nodes, bias parameters for the nodes, and the
functional types of activation functions the nodes.

The sensor 30 may be either a physical quantity sensor that detects a physical

quantity or an information sensor that detects information. Examples of the physical
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quantity sensor include cameras that detect light and output image data or moving
image data, and vital sensors such as heartbeat sensors that detect heartbeat of a person
and output heartbeat data, blood pressure sensors that detect blood pressure of a person
and output blood pressure data, and body temperature sensors that detect human body
temperature and output body temperature data, and also include any other sensors that
detect a physical amount and output an electric signal. Examples of the information
sensor include sensors that detect a specific pattern from statistical data, and also
include any other sensors that detect information.

The sensing data storage DB stores sensing data that has been output by the sensor
30. In the figure, the sensing data storage DB is shown as a single storage, but the
sensing data storage DB may be constituted by one or more file servers.

Fig. 2 is a diagram showing the physical configuration of the learning apparatus 10
according to the embodiment of the present invention. The learning apparatus 10 has a
CPU (Central Processing Unit) 10a equivalent to a hardware processor, a RAM
(Random Access Memory) 10b equivalent to a memory, a ROM (Read only Memory)
10c equivalent to a memory, a communication interface 10d, an input unit 10e and a
display unit 10f. These constituent elements are connected via a bus so as to be able to
exchange data with each other. Note that the type of the hardware processor is not
limited to a CPU. For example, a CPU, a GPU (Graphics Processing Unit), an FPGA
(Field-programmable Gate Array), a DSP (Digital Signal Processor), and an ASIC
(Application Specific Integrated Circuit) can be used independently or in combination
as a hardware processor.

The CPU 10a performs execution of a program stored in the RAM 10b or the ROM
10c and calculation and processing of data. The CPU 10a is a calculation apparatus
that executes an application for generating metadata. The CPU 10a receives various
types of input data from the input unit 10e or the communication interface 10d, and
displays calculation results of the input data on the display unit 10f, and stores the cal-
culation results in the RAM 10b or the ROM 10c.

The RAM 10b is a data-rewritable storage, and is constituted by a semiconductor
storage element, for example. The RAM 10b stores programs such as applications
executed by the CPU 10a and data.

The ROM 10c is a data-read-only storage, and is constituted by a semiconductor
storage element, for example. The ROM 10c stores programs such as firmware and
data, for example.

The communication interface 10d is a hardware interface that connects the learning
apparatus 10 to the communication network N.

The input unit 10e accepts input of data from the user, and is constituted by a

keyboard, a mouse, or a touch panel, for example.
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The display unit 10f visually displays a result of calculation performed by the CPU
10a, and is constituted by an LCD (Liquid Crystal Display), for example.

The learning apparatus 10 may be configured by a learning program according to this
embodiment being executed by the CPU 10a of a general personal computer. The
learning program may be stored in a computer-readable storage medium such as the
RAM 10b or the ROM 10c and provided, or may be provided via the communication
network N connected by the communication interface 10d.

Note that these physical configurations are examples, and do not necessarily need to
be independent configurations. For example, the learning apparatus 10 may have an
LSI (Large-Scale Integration) in which the CPU 10a and the RAM 10b or the ROM
10c are integrated.

Note that the learning result using apparatus 20 also has a physical configuration
similar to that of the learning apparatus 10. The learning result using apparatus 20 may
be configured by a learning result using program being executed by a CPU of a general
personal computer. The learning result using program may be stored in a computer-
readable storage medium such as a RAM or a ROM and provided, or may be provided
via the communication network N connected by a communication interface.

Fig. 3 is a functional block diagram of the learning apparatus 10 according to the em-
bodiment of the present invention. The learning apparatus 10 has a communication unit
11, a first learning control unit 12, a first learning result extraction unit 13, a first
neural network 100, a first learning result output unit 14, a second learning control unit
15, a second learning result extraction unit 16, a second neural network 200 and a
second learning result output unit 17. Here, the first learning control unit 12 and the
second learning control unit 15 are control units that control machine learning. In
addition, the first neural network 100 is an example of the first learning module, and
the second neural network 200 is an example of the second learning module. The
learning apparatus 10 may have a learning module other than a neural network.

The first learning control unit 12 trains the first neural network 100 based on first
training data and second training data associated with the first training data so as to
output first output data corresponding to the features of the first training data and the
second training data. The first training data may be image data of a target, for example,
and the second training data may be sensing data acquired by a sensor measuring the
target or performing measurement with regard to the target when the image data was
shot. In this case, the first output data is data corresponding to the features of the image
data and the sensing data, and is data regarding the target that is shot. The first neural
network 100 may be a CNN (Convolutional Neural Network) that is sometimes used
for learning of image data, or an RNN (Recurrent Neural Network) that is sometimes

used for learning of time series data. A learning result of the first neural network 100 is
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extracted by the first learning result extraction unit 13, and is output to the second
learning control unit 15 by the first learning result output unit 14.

The first learning control unit 12 may train the first neural network 100 by unsu-
pervised learning based on first training data and second training data so as to output
first output data. By training the first neural network 100 by unsupervised learning, the
first output data that is based on the features of the first training data and the second
training data can be autonomously generated by the first neural network 100, and
feature extraction with higher objectivity can be performed. In addition, it is not
necessary to prepare supervisor data, and thus there is no processing load or commu-
nication load for generating and collecting supervisor data, and it is not necessary to
secure storage capacity for storing supervisor data.

The first learning control unit 12 may train the first neural network 100 by supervised
learning that uses supervisor data including attribute information of first training data
and second training data, so as to output first output data based on the first training
data and the second training data. Here, attribute information of training data is in-
formation indicating a feature of the training data, and may include information
regarding the type of a physical amount measured by a sensor, the type of the sensor,
the type of sensing data and a target measured by the sensor. By training the first
neural network 100 by supervised learning, it is possible to generate the first output
data corresponding to the features of the first training data and the second training data
in consideration of the existing attribute information. In addition, it is not necessary to
assign a meaning such as a label and an annotation to the first output data, and thus it is
not necessary to perform calculation or communication in order to interpret the first
output data, and the processing load and the communication load are suppressed.

The second learning control unit 15 trains the second neural network 200 by su-
pervised learning in which the supervisor data is the first output data that is output
from the first neural network 100 in the case where the first training data is input to the
first neural network 100, based on the first training data, so as to output second output
data. By performing the supervised learning using the first output data as the su-
pervisor data, the second neural network 200 shares the learning objective with the first
neural network 100 and acquires the same type of capability as the first neural network
100. Specifically, both of the second output data output from the second neural
network 200 and the first output data output from the first neural network 100 are data
relating to the same subject and expressed in the same form. The same type of ca-
pability may include the capability for performing at least one of analysis, estimation,
control with respect to the same (or substantially the same) target, state or operation,
and the capability for performing determination, identification, recognition with

respect to the same (or substantially the same) requirement. The data relating to the
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same subject and expressed in the same form includes, for example, data indicating
control values for the same variables in the same unit, and data indicating scores for
the same determination (the quality of an item, presence of an object, or the like)
according the the same rule. If the first training data is image data of a target, and the
second training data is sensing data in the same time series as the image data, the su-
pervisor data is the first output data that is output from the trained first neural network
100 in the case where the image data is input to the trained first neural network 100,
and the second output data that is output from the second neural network 200 in the
case where the image data is input to the second neural network 200 is data relating to
the same subject and expressed in the same form as the first output data, that is, data
corresponding to the feature of the image data, and is data regarding the target that is
shot. A learning result of the second neural network 200 is extracted by the second
learning result extraction unit 16, and is output to the outside via the communication
unit 11 by the second learning result output unit 17.

Note that in this embodiment, the first training data used for learning performed by
the first neural network 100 and the first training data used for learning performed by
the second neural network 200 are the same data, but the present invention is not
limited to this example.

As long as the first training data used for learning performed by the first neural
network 100 and the first training data used for learning performed by the second
neural network 200 have the same form (or the same type), both data may differ in
contents. Specifically, the first training data used for learning performed by the first
neural network 100 and the first training data used for learning performed by the
second neural network 200 are data in the same form, but may be data in which part of
all of the content is different. For example, a configuration may be adopted in which,
in the case where image data of a first group as the first training data and sensing data
as the second training data were used in learning performed by the first neural network
100, when the second neural network 200 performs learning, image data of a second
group is input to the trained first neural network 100 as the first training data, and the
second neural network 200 performs learning based on the image data of the second
group with the first output data that is output from the trained first neural network 100
serving as supervisor data. A form of data indicates, for example, the form of images
(e.g., colour images, infrared images, and range images) or the form of numerical
values (e.g., binary, and continuous values). Data in the same form may include data
obtained by the same type of data obtaining devices such as cameras, sensors, and
measurement devices, and data in the different forms may include data obtained by the
different types of data obtaining devices. In addition, data in the same form may

include data obtained for the same target such as a subject of images and a sensing
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target object, by the same type of data obtaining device, and data in the different form
may include data obtained for the different targets. In this embodiment, the image data
of the first group and the image data of the second group are both image data (i.e., the
data in the same form), and the image data of the second group may or may not include
the same pieces of image data as the image data of the first group.

With the learning apparatus 10 according to this embodiment, the first output data
corresponding to the features of the first training data and the second training data is
output by the first neural network 100 that accepts the first training data and the second
training data as input data, and the second output data corresponding to the feature of
the first training data is output by the second neural network 200 that accepts the first
training data as input data. The second neural network 200 performs supervised
learning in which supervisor data is the first output data, and thus the second output
data indirectly includes the feature of the second training data. Therefore, a neural
network having a desired performance without increasing types of measurement
devices for obtaining training data is acquired. Specifically, with the learning apparatus
10 according to this embodiment, a neural network is acquired which provides the
same performance as that in a case where a plurality of types of measurement devices
that obtain the first training data and the second training data are used without using a
measurement device for the second training data. A neural network in which a desired
measurement result is incorporated without using a measurement device for the second
training data is acquired, and thus it is possible to reduce the number of items of
hardware of the learning result using apparatus 20 that uses the trained neural network,
and to further reduce the processing load of the hardware processor due to a reduction
in data amount.

After the first neural network 100 was trained, the second learning control unit 15
trains the second neural network 200. Accordingly, after the first neural network 100
learned the features of the first training data and the second training data, the second
neural network 200 can be trained using, as supervisor data, the first output data that is
output from the first neural network 100, and thus the feature of the second training
data is more accurately reflected on the training of the second neural network 200.

Fig. 4 is a functional block diagram of the learning result using apparatus 20
according to the embodiment of the present invention. The learning result using
apparatus 20 has a learning result input unit 231, a neural network setting unit 232, a
third neural network 233, a control unit 234, an input unit 235, a communication unit
236, a data acquiring unit 237 that acquires data to be input to the third neural network
233, and an output unit 238. Here, the third neural network 233 is an example of a
learning module, and the learning result using apparatus 20 may have a learning

module other than a neural network, and in that case, the neural network setting unit



14

WO 2018/159666 PCT/JP2018/007476

[0062]

[0063]

[0064]

232 will be replaced by a constituent element that sets a learning module other than a
neural network. Note that the data acquiring unit 237 may acquire data via the commu-
nication unit 236, or may acquire data via communication other than communication
using the communication unit 236.

The learning result input unit 231 accepts input of a learning result. The learning
result input unit 231 accepts, via the communication unit 236, a learning result that is
output by the second learning result output unit 17 of the learning apparatus 10. The
neural network setting unit 232 acquires the trained second neural network 200
acquired as a result of training by the second learning control unit 15 provided in the
learning apparatus 10 or a copy of the trained second neural network 200, and sets the
trained second neural network 200 or the copy of the trained second neural network
200 as the third neural network 233. The control unit 234 controls the data acquiring
unit 237 and the input unit 235 so as to input designated input data to the third neural
network 233 and to output output data. The input unit 235 inputs data having the same
form as the first training data to the third neural network 233. The output unit 238
outputs the output data from the third neural network 233. The output data from the
third neural network 233 is output by the output unit 238 via the communication unit
236.

With the learning result using apparatus 20 according to this embodiment, output
data corresponding to the feature of input data is output by the third neural network
233 that accepts, as input data, data having the same form as the first training data. The
third neural network 233 is set by the trained second neural network 200 or a copy of
the trained second neural network 200, and thus the third neural network 233 indirectly
includes the feature of the second training data. Therefore, a learning module having a
desired performance is acquired without increasing types of measurement devices. As
a result, in the environment in which the third neural network 233 is used, a desired
learning result can be acquired even without using a measurement device used for
obtaining sensing data (second training data), and it is possible to reduce the number of
items of hardware that constitute the learning result using apparatus 20, and to further
reduce the processing load of the hardware processor due to a reduction in the data
amount.

In this embodiment, the first training data may be data in the same form as input data
that is input to the trained second neural network 200 acquired as a result of training by
the second learning control unit 15 of the learning apparatus 10 or a copy of the trained
second neural network 200. In addition, the second training data may be data
temporally related to the first training data. Further, the second training data may be
data in a form different from that of the input data that is input to the trained second

neural network 200 or the copy of the trained second neural network 200. The second
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training data is data that complements or reinforces the first training data, and is data
for extracting a feature that cannot be extracted through training that is based only on
the first training data. Each piece of the second training data may be obtained at the
same time as or in proximity to when the corresponding piece of the second training
data is obtained.. The second training data temporally related to the first training data
includes the second training data obtained within the predetermined period of time
before or after the corresponding first training data is obtained. Accordingly, the first
neural network 100 can perform multilateral learning based on the first training data in
the same form as the input data that is input to the trained second neural network 200,
and the second training data that complements or reinforces the first training data. In
addition, if the first output data of the first neural network 100 that performed mul-
tilateral learning serves as supervisor data, the second neural network 200 can perform
supervised learning that extracts a feature that is sometimes not extracted through
learning that is based only on the first training data.

In addition, in the learning apparatus 10 according to this embodiment, the scale of
the second neural network 200 is smaller than the scale of the first neural network 100.
Here, the scale of a neural network is a scale measured based on the number of nodes,
the number of links, the number of layers and the like included in the neural network.
Due to the scale of the second neural network 200 being smaller than the scale of the
first neural network 100, the learning apparatus 10 that is relatively rich in calculation
resources performs high-load processing, and thus the scale of the third neural network
233 that is set in the learning result using apparatus 20 can be suppressed to a small
scale, and the processing load and communication load of the learning result using
apparatus 20 can be suppressed.

Fig. 5 is a conceptual diagram showing the input/output relationship of the first
neural network 100 of the learning apparatus 10 according to the embodiment of the
present invention. In the example shown in the figure, first training data is image data
acquired by shooting a person, and second training data is vital data of the person at
the time when the image data was shot. Note that the time when the image data was
shot is a concept that includes the same time as the shooting of the image data and the
temporal vicinity before and after. In addition, the first training data includes first
image data 301, second image data 302 and third image data 303. Also, the second
training data includes first vital data 401, second vital data 402 and third vital data 403.
Here, the first vital data 401 is vital data of a subject person at the time when the first
image data 301 was shot. Accordingly, the first vital data 401 is data that is the same as
the first image data 301 in time series. Similarly, the second vital data 402 is vital data
of the subject person at the time when the second image data 302 was shot, and the

third vital data 403 is vital data of the subject person at the time when the third image
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data 303 was shot. Note that vital data is any biological data such as a heart rate, a
blood pressure, a body temperature, a blood component amount, a urine component
amount, or a brain wave.

The learning apparatus 10 trains the first neural network 100 based on first training
data and second training data so as to output first output data corresponding to the
features of the first training data and the second training data. In the case of this
example, the first output data includes first data 501, second data 502 and third data
503, each of which is numeric data. The first data 501 is output data that is output in
the case where the first image data 301 and the first vital data 401 are input as input
data to the first neural network 100, and is a three-dimensional numeric vector "(0.9,
0.05, 0.05)" in the case of this example. Similarly, the second data 502 is output data
that is output in the case where the second image data 302 and the second vital data
402 are input as input data to the first neural network 100, and is a three-dimensional
numeric vector "(0.05, 0.9, 0.05)". In addition, the third data 503 is output data that is
output in the case where the third image data 303 and the third vital data 403 are input
as input data to the first neural network 100, and is a three-dimensional numeric vector
"(0.05, 0.05, 0.9)". The first output data is data corresponding to a human emotion, and
each component indicates a degree of correspondence corresponding to a prede-
termined emotion. The larger the numeric value of the component is, the higher the re-
liability that is determined to indicate an emotion corresponding to the component is.

If the first learning control unit 12 trains the first neural network 100 by unsupervised
learning, the user of the learning apparatus 10 compares input data and output data of
the first neural network 100, and assigns meanings to the output data. In this example,
a meaning "anger" is assigned to the first data 501, a meaning "relaxation" is assigned
to the second data 502, and a meaning "smile/laughter" is assigned to the third data
503.

If the first learning control unit 12 trains the first neural network 100 by supervised
learning that uses supervisor data including attribute information of first training data
and second training data, the user of the learning apparatus 10 does not need to assign
meanings to the output data. The first neural network 100 autonomously learns that a
first component included in the three dimensional vector that is output as the output
data is an amount indicating a degree of anger, a second component is an amount in-
dicating a degree of relaxation, and a third component is an amount indicating a degree
of smile/laughter.

The learning apparatus 10 can acquire a learning result that makes it possible to
estimate a human emotion more accurately than in a case of using only image data as
training data, by training the first neural network 100 using both image data and vital

data as training data. Here, the image data is data that can be acquired by a camera,
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which is a common sensor, and is data that can be acquired without mounting a sensor
to a person to be shot. On the other hand, the vital data is data that cannot be acquired
unless a dedicated sensor is used, and is data that cannot be acquired unless a sensor is
mounted to the person to be shot. Generally, the learning apparatus 10 may train the
first neural network 100 by combining first training data that is relatively easy to
acquire and second training data that is relatively difficult to acquire, but complements
or reinforces the first training data.

Fig. 6 is a conceptual diagram showing the input/output relationship of the second
neural network 200 of the learning apparatus 10 according to the embodiment of the
present invention. First training data shown in this figure is the same as the first
training data shown in Fig. 5, and includes first image data 301, second image data 302
and third image data 303.

The learning apparatus 10 trains the second neural network 200 by supervised
learning in which the supervisor data is the first output data that is output from the first
neural network 100 in the case where first training data is input to the first neural
network 100, based on the first training data, so as to output second output data. In the
case of this example, the second output data includes fourth data 601, fifth data 602
and sixth data 603, each of which is numeric data. The fourth data 601 is output data
that is output in the case where the first image data 301 is input as input data to the
second neural network 200, and is a three-dimensional numeric vector "(0.96, 0.02,
0.02)" in the case of this example. Similarly, the fifth data 602 is output data that is
output in the case where the second image data 302 is input as input data to the second
neural network 200, and is a three-dimensional numeric vector "(0.02, 0.96, 0.02)". In
addition, the sixth data 603 is output data that is output in the case where the third
image data 303 is input as input data to the second neural network 200, and is a three-
dimensional numeric vector "(0.02, 0.02, 0.96)". Similarly to the first output data, the
second output data is data corresponding to a human emotion.

The second learning control unit 15 trains the second neural network 200 by su-
pervised learning in which the supervisor data is the first output data that is output
from the trained first neural network 100 in the case where the first training data is
input to the trained first neural network 100, and thus the user of the learning apparatus
10 does not have to assign meanings to the second output data. The second neural
network 200 autonomously learns that the first component included in the three di-
mensional vector that is output as the second output data is an amount indicating the
degree of anger, the second component is an amount indicating the degree of re-
laxation, and the third components is an amount indicating the degree of smile/
laughter.

The learning apparatus 10 trains the second neural network 200 using, as supervisor
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data, output data that is output from the trained first neural network 100 in the case
where the first training data is input to the trained first neural network 100, and thereby
can acquire a learning result that includes vital data, using only image data as training
data, and can acquire a learning result that makes it possible to estimate a human
emotion more accurately. Here, the image data is data that can be acquired by a
camera, which is a common sensor, and thus the trained second neural network 200
can exhibit, using only image data that is relatively easy to acquire as input data, iden-
tification performance similar to that in the case where sensing data that is relatively
difficult to acquire is used for complementation.

The second neural network 200 is trained using, as supervisor data, the first output
data of the first neural network 100 that was trained based on image data and sensing
data, so as to output second output data, and thereby the second neural network 200
can indirectly learn a feature that cannot be extracted from only the image data, and the
second neural network 200 in which the sensing data is incorporated is acquired. As a
result, in an environment using the second neural network as the second learning
module, a desired learning result can be acquired even without using a measurement
device used for obtaining the sensing data (the second training data), and it is possible
to reduce the number of items of hardware that is used, and to further reduce the
processing load of the hardware processor due to a reduction in the data amount.

In addition, the second neural network 200 is trained using, as supervisor data, the
first output data of the first neural network 100 that was trained based on image data
and vital data of a human, so as to output second output data, and thereby the second
neural network 200 can indirectly learn a feature that cannot be extracted from only the
image data, and the second neural network 200 that can estimate a human emotion
more accurately is acquired. As a result, in an environment using the second neural
network as the second learning module, a desired learning result can be acquired
without using a measurement device used for obtainingthe vital data (second training
data), and it is possible to reduce the number of items of hardware that is used, and to
further reduce the processing load of the hardware processor due to a reduction in the
data amount.

Note that in this example, in order to simplify the description, a case has been
described in which the number of types of the features of the first training data is three,
but generally, a large number of features, namely, four or more features are included in
first training data. For example, if thousands of types of features are included in first
training data, the first neural network 100 and the second neural network 200 are
trained so as to classify the thousands of types of the features of the first training data,
determine which of the thousands of types of classifications input data is close to, and

output output data corresponding to the features of the input data.
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Note that in this example, the learning apparatus 10 has been described which has the
first neural network 100 and the second neural network 200, and performs training
using first training data and second training data, but the configuration of the learning
apparatus 10 is not limited to this example. Accordingly, the learning apparatus 10
may have three or more neural networks, and may be configured to perform training
using training data of three types or more. For example, the learning apparatus 10 may
have a first neural network that is trained based on first training data, second training
data and third training data so as to output first output data corresponding to the
features of the first training data, the second training data and the third training data,
and a second neural network that performs supervised learning in which supervisor
data is the first output data, based on the first training data, so as to output second
output data. In addition, for example, the learning apparatus 10 may have a first neural
network that is trained based on first training data, second training data and third
training data so as to output first output data corresponding to the features of the first
training data, the second training data and the third training data, a second neural
network that performs supervised learning in which supervisor data is the first output
data, based on the first training data and the second training data, so as to output
second output data, and a third neural network that performs supervised learning in
which supervisor data is the second output data, based on the first training data, so as
to output third output data. In addition, for example, the learning apparatus 10 may
have a first neural network that is trained based on first training data and second
training data so as to output first output data corresponding to the features of the first
training data and the second training data, and a plurality of second neural networks
that perform supervised learning in which supervisor data is the first output data, based
on the first training data, so as to output second output data. Here, the plurality of
second neural networks may each have a different neural network structure regarding
the number of layers, the number of units and the number of links, and may each
output different second output data.

Fig. 7 is a conceptual diagram showing the input/output relationship of the third
neural network 233 of the learning result using apparatus 20 according to the em-
bodiment of the present invention. Input data shown in the figure includes fourth image
data 310.

The learning result using apparatus 20 acquires the trained second neural network
200 acquired as a result of training by the second learning control unit 15 provided in
the learning apparatus 10 or a copy of the trained second neural network 200, and sets,
as the third neural network 233, the trained second neural network 200 or the copy of
the trained second neural network 200. The third neural network 233 accepts, as input

data, data having the same form as first training data. In the case of this example, the
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data having the same form as the first training data is image data. In addition, the third
neural network 233 outputs output data corresponding to the feature of the input data.
In the case of this example, the output data is seventh data 701, and the seventh data
701 is numeric data. The seventh data 701 is output data that is output in the case
where the fourth image data 310 is input as input data to the third neural network 233,
and is a three-dimensional numeric vector "(0.02, 0.02, 0.96)" in the case of this
example. The output data of the third neural network 233 is data corresponding to a
human emotion, and the output data in this example is data corresponding to "smile/
laughter”.

The learning result using apparatus 20 acquires the trained second neural network
200 or a copy of the trained second neural network 200, and sets, as the third neural
network 233, the trained second neural network 200 or the copy of the trained second
neural network 200, and thereby a learning result including vital data can be used even
if input data is image data only, and a human emotion can be estimated more ac-
curately. Here, the image data is data that can be acquired by a camera, which is a
common sensor, and thus the third neural network 233 of the learning result using
apparatus 20 can exhibit an identification performance similar to that in the case where
only image data that is relatively easy to acquire is used as input data, and sensing data
that is relatively hard to acquire is used for complementation.

First training data and second training data are not limited to image data and vital
data of a person. For example, vital data of a person may be used as first training data,
and image data of the person may be used as second training data. Accordingly, the
image data of a person may be used as data for complementing or reinforcing the vital
data. By setting the vital data of a person as the first training data and setting the image
data of the person as the second training data, a neural network is acquired which can
estimate an emotion and a mental state of the person more accurately in consideration
of the image data even in the case where input data is the vital data only.

In addition, for example, first training data may include image data acquired by
shooting a vehicle, and second training data may include sensing data measured by a
sensor provided in the vehicle at the time when the image data was shot. More
specifically, image data of a second vehicle that was shot by a camera provided in a
first vehicle in the state where the first vehicle was following the second vehicle may
be used as the first training data, and sensing data measured by a sensor provided in the
second vehicle may be used as the second training data. Here, the sensor provided in
the second vehicle may be a sensor that measures an operation of the accelerator pedal
of the second vehicle, an operation of the brake pedal, a steering operation, a winker
operation, and the state of the driver.

In this case, the first neural network 100 is trained based on the image data of the
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second vehicle that has been shot from the first vehicle and the sensing data related to a
measured operation of the second vehicle, and first output data of the first neural
network 100 will be data corresponding to the operation of the vehicle. Note that the
data corresponding to the operation of the vehicle includes a speed, acceleration, a
traveling direction vector, probability of course change, and the like. In addition, the
second neural network 200 performs supervised learning in which the supervisor data
is the first output data that is output from the trained first neural network 100 in the
case where the image data of the second vehicle shot from the first vehicle is input to
the trained first neural network 100, based on the image data of the second vehicle shot
from the first vehicle, and second output data of the second neural network 200 is data
corresponding to the operation of the vehicle, similar to the first output data.

Note that the second training data may include information regarding the relative
distance between the first vehicle and the second vehicle. Operations of vehicles
changes in a large amount according to the distance between a leading vehicle and a
following vehicle. Therefore, if the second training data includes information regarding
the relative distance, it is possible to improve the accuracy of operation estimation of
the vehicle, which will be described later. At this time, the relative distance can be
acquired by the following method. For example, on a test course on which a mea-
surement apparatus that identifies the position of a vehicle is provided, the relative
distance between the first vehicle and the second vehicle can be measured while
shooting the second vehicle using a camera provided in the first vehicle. In addition,
the distance between the first vehicle and the second vehicle can be acquired by
attaching a focus detection apparatus (e.g., a laser radar) at the front of the first vehicle
or the rear of the second vehicle. The information regarding the relative distance may
be estimated based on an image from a camera provided on a general road. In addition,
a configuration may be adopted in which the first vehicle and the second vehicle built
as physical models run in a virtual space, and image data as the first training data,
sensor data as the second training data and the relative distance are acquired from the
virtual space.

The second neural network 200 is trained using, as supervisor data, the first output
data of the first neural network 100 that was trained based on the image data and the
sensing data of the vehicle, so as to output the second output data, in this manner, and
thereby the second neural network 200 can indirectly learn a feature that cannot be
extracted from only the image data of the vehicle, and the second neural network 200
that can perform operation estimation of the vehicle more accurately is acquired. In
addition, it is relatively difficult for a following vehicle to acquire sensing data
acquired by measuring an operation of a leading vehicle, but with the learning result

using apparatus 20 according to this embodiment, by acquiring the trained second
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neural network 200 or a copy of the trained second neural network 200, setting, as the
third neural network 233, the trained second neural network 200 or the copy of the
trained second neural network 200, and inputting image data of the leading vehicle to
the third neural network 233, it is possible to perform operation estimation of the
vehicle.

First training data and second training data may be data other than the above. For
example, the first neural network 100 and the second neural network 200 may perform
learning based on image data acquired by shooting a person and sensing data that has
been output from a sensor that detects action of the person, the image data serving as
first training data and the sensing data serving as second training data, so as to output
data corresponding to the action of the person as first output data and second output
data. In this case, the sensor that detects action of a person may be a momentum sensor
or an acceleration sensor that is mounted to a person, or a sensor that is provided on a
target that is operated by a person and detects an operation performed by the person.
Accordingly, it is possible to output the second output data for predicting the next
action of the person in the case where the image data acquired by shooting the person
is input to the second neural network 200.

In addition, for example, the first neural network 100 and the second neural network
200 may be trained based on image data acquired by shooting a fruit and sensing data
that has been output from a sensor that measures the degree of maturation of the fruit,
the image data serving as first training data and the sensing data serving as second
training data, so as to output data corresponding to the degree of the maturation of the
fruit as first output data and second output data. In this case, the sensor that measures
the degree of maturation of a fruit may be a weight sensor, a hardness sensor, a sugar
content sensor or the like. Accordingly, it is possible to output the second output data
that estimates the degree of maturation of the fruit in the case where the image data
acquired by shooting the fruit is input to the second neural network 200.

In addition, for example, the first neural network 100 and the second neural network
200 may perform learning based on image data acquired by shooting the appearance of
a substrate onto which electric parts are fixed by soldering and sensing data that has
been output from a sensor that measures the state of the soldering (e.g., an air content
of the soldering, denaturation due to overheat, and an unjoined state due to heating
shortage), the image data serving as first training data and the sensing data serving as
second training data, so as to output, as first output data and second output data, data
corresponding to whether or not a soldering inspection criteria is met. Accordingly, it
is possible to output the second output data that estimates the state of the soldering in
the case where the image data acquired by shooting the appearance of the substrate is

input to the second neural network 200. If the second neural network 200 that was
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trained in this manner is used in a substrate inspection apparatus for checking the state
of soldering between a substrate and electric parts placed on the substrate, data corre-
sponding to whether or not the soldering inspection criteria is met can be acquired
without using the sensor that measures the state of soldering, and thus it is possible to
reduce the number of items of hardware of the substrate inspection apparatus, and to
further reduce the processing load of the hardware processor due to a reduction in data
amount.

Fig. 8 is a flowchart of processing executed by the learning apparatus 10 according to
the embodiment of the present invention. The learning apparatus 10 designates first
training data and second training data based on an instruction accepted from the user
(step S10). After that, the learning apparatus 10 determines whether or not supervised
learning is to be performed (step S11). Here, whether or not supervised learning is to
be performed may be determined based on the instruction accepted from the user.

If the learning apparatus 10 determines that supervised learning is to be performed
(step S11: Yes), the learning apparatus 10 designates supervisor data based on an in-
struction accepted from the user (step S12). The learning apparatus 10 trains the first
neural network 100 by supervised learning based on the designated first training data,
second training data and supervisor data (step S13).

On the other hand, if the learning apparatus 10 determines that supervised learning is
not to be performed (step S11: No), the learning apparatus 10 trains the first neural
network 100 by unsupervised learning based on the designated first training data and
second training data (step S14).

In both cases, the learning apparatus 10 trains the second neural network 200 by su-
pervised learning in which supervisor data is first output data that has been output from
the first neural network 100, based on the designated first training data (step S15). The
processing performed by the learning apparatus 10 then ends.

The trained second neural network 200 or a copy of the trained second neural
network 200 can be generated by using the learning apparatus 10 according to this em-
bodiment. Specifically, the trained second neural network 200 or a copy of the trained
second neural network 200 can be generated by the first learning control unit 12
training the first neural network 100 based on first training data and second training
data, so as to output first output data corresponding to the features of the first training
data and the second training data, the second learning control unit 15 training the
second neural network 200 by supervised learning in which the supervisor data is the
first output data that is output from the first neural network 100 in the case where the
first training data is input to the first neural network 100, based on the first training
data, so as to output the second output data, and the second learning result output unit

17 outputting the trained second neural network 200 or the copy of the trained second
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[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

neural network 200.

Fig. 9 is a flowchart of processing executed by the learning result using apparatus 20
according to the embodiment of the present invention. The learning result using
apparatus 20 acquires the trained second neural network 200 or a copy of the trained
second neural network 200, using the learning apparatus 10, and sets the third neural
network 233 (step S20). The learning result using apparatus 20 then designates input
data that is to be input to the third neural network 233 based on an instruction accepted
from the user (step S21). Here, the input data is data having the same form as the first
training data.

The learning result using apparatus 20 inputs the designated input data to the third
neural network 233, and outputs output data corresponding to the feature of the input
data (step S22). The processing performed by the learning result using apparatus 20
then ends.

The foregoing embodiment is for the purpose of facilitating understanding of the
present invention, and is not to be interpreted as limiting the present invention. Con-
stituent elements of the embodiment and arrangement, materials, conditions, shapes
and sizes thereof are not limited to those exemplified, and can be changed as ap-
propriate. In addition, configurations described in different embodiments can be
partially substituted or combined.

In addition, a portion or the entirety of the above-described embodiment can be
described as Additional Remark below, but is not limited thereto.

Additional Remark 1

A learning apparatus including at least one memory and at least one item of hardware
processor connected to the memory,

wherein the hardware processor trains a first learning module based on first training
data and second training data associated with the first training data, so as to output first
output data corresponding to the features of the first training data and the second
training data, and

the hardware processor trains a second learning module by supervised learning in
which supervisor data is the first output data that is output from the first learning
module in the case where the first training data is input to the first learning module,
based on the first training data, so as to output second output data.

Additional Remark 2

A learning method:

wherein at least one item of hardware processor trains a first learning module based
on first training data and second training data associated with the first training data, so
as to output first output data corresponding to the features of the first training data and

the second training data, and
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the hardware processor trains a second learning module by supervised learning in
which the supervisor data is the first output data that is output from the first learning
module in the case where the first training data is input to the first learning module,

based on the first training data, so as to output second output data.
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Claims

A learning apparatus comprising:

a first learning control unit configured to train a first learning module
based on first training data and second training data associated with the
first training data so as to output first output data corresponding to
features of the first training data and the second training data; and

a second learning control unit configured to train a second learning
module by supervised learning in which supervisor data is the first
output data that is output from the first learning module in a case where
the first training data is input to the first learning module, based on the
first training data, so as to output second output data.

The learning apparatus according to claim 1,

wherein the second learning control unit trains the second learning
module after training of the first learning module.

The learning apparatus according to claim 1 or 2,

wherein the first training data is data in the same form as input data that
is input to a trained second learning module, which is acquired as a
result of training performed by the second learning control unit, or a
copy of the trained second learning module, and

the second training data is data temporally related to the first training
data, and is data in a form different from input data that is input to the
trained second learning module or the copy of the trained second
learning module.

The learning apparatus according to any one of claims 1 to 3,

wherein the first learning control unit trains the first learning module by
unsupervised learning based on the first training data and the second
training data so as to output the first output data.

The learning apparatus according to any one of claims 1 to 3,

wherein the first learning control unit trains the first learning module by
supervised learning that uses supervisor data including attribute in-
formation of the first training data and the second training data, based
on the first training data and the second training data, so as to output
the first output data.

The learning apparatus according to any one of claims 1 to 5,

wherein the first learning module and the second learning module each
include a neural network, and

a scale of the neural network included in the second learning module is
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smaller than a scale of the neural network included in the first learning
module.

The learning apparatus according to any one of claims 1 to 6,

wherein the first training data includes image data of a target,

the second training data includes sensing data acquired by measuring
the target using a sensor when the image data is shot, and

the first output data and the second output data include data related to
the target.

The learning apparatus according to claim 7,

wherein the first training data includes image data acquired by shooting
a person,

the second training data includes vital data of the person when the
image data is shot, and

the first output data and the second output data are data corresponding
to a human emotion.

The learning apparatus according to claim 7,

wherein the first training data includes image data acquired by shooting
a vehicle,

the second training data includes sensing data acquired by performing
measurement using a sensor provided in the vehicle when the image
data is shot, and

the first output data and the second output data are data corresponding
to an operation of the vehicle.

A learning result using apparatus, comprising;

a learning module setting unit configured to acquire a trained second
learning module acquired as a result of training performed by the
second learning control unit provided in the learning apparatus
according to any one of claims 1 to 9 or a copy of the trained second
learning module, and sets the trained second learning module or the
copy of the trained second learning module as a third learning module;
an input unit configured to input data having the same form as the first
training data to the third learning module; and

an output unit configured to output output data from the third learning
module.

A learning method comprising:

training, by a control unit configured to control machine learning, a
first learning module based on first training data and second training

data associated with the first training data so as to output first output
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data corresponding to features of the first training data and the second
training data; and

training, by the control unit, a second learning module by supervised
learning in which supervisor data is the first output data that is output
from the first learning module in a case where the first training data is
input to the first learning module, based on the first training data, so as
to output second output data.

A method for producing a trained learning module or a copy of the
trained learning module, comprising:

outputting a trained second learning module acquired as a result of
training the second learning module by the learning method according
to claim 11 or a copy of the trained second learning module.

A trained learning module or a copy of the trained learning module that
is acquired as a result of training the second learning module by the
learning method according to claim 11.

A learning program comprising instructions which, when the program
is executed by a computer, cause the computer to perform a method
including:

training a first learning module based on first training data and second
training data associated with the first training data so as to output first
output data corresponding to features of the first training data and the
second training data; and

training a second learning module by supervised learning in which su-
pervisor data is the first output data that is output from the first learning
module in a case where the first training data is input to the first
learning module, based on the first training data, so as to output second

output data.



WO 2018/159666

[Fig. 1]

T —
& s
T Sensor He
[Fig. 2]
10
i, \\\

1/8

PCT/JP2018/007476

&

Leaming
apparatus

20

-.-“".

Learning result
using apparatus

10b
N

10¢,

TR RITC A TOT
1t
10e

Input umt

Dasplay umt




2/8

PCT/JP2018/007476

WO 2018/159666

ooy

£y

1A

o1 - Bnssy BuruIest puosag

[Fig. 3]

AIOMGSTE TRINSI I8 ]

U HBGOB XS

HNSor SUMLILS] 11,1

JIomi

JIUE JONU0D
SUTIRo] 18I

. i

145

444444444444444444444444 o ndpmo
11521 SUNLIRS] 1511,

jEansl pucday

PN BOTRYRIIXS

X

G177

run jO1es
wmmwmﬁﬁmm PIaoag

AN

wun mdino
Fsa SUnRa] puossg

o
VOTPEDTHIIIIRY, )
e
P

L




PCT/JP2018/007476

3/8

WO 2018/159666

[Fig. 4]

” jHan
N0 e e BR(g
yun ynding 3 ) prmn g 7 b s
: . [emou pIy Y, : - wn N
A v o ,“,
¥ 5 mm” X
8ee £LF o’ grEe 82

yun Supss
EE2 7 10101 TRIISN]

I
IROTRHUNTUTER ) e
987~ pez

JIUN JOIIO))

yun pndur
LEZ -7 ynsor Suures |




WO 2018/159666

[Fig. 5]

Fivst framnug data

4/8

PCT/JP2018/007476

Secoud iaming data
Match

fine sevies

401

e 402

- é{}g

\ '

First nevral network

3

(0. 8, Q. 08, ¢ O8} Anger

~f (0GB, 0.8, Q.08

Relaxation

{0085, 0.8, 0.

smle




5/8

WO 2018/159666 PCT/JP2018/007476

First training data

B e

b 4

Second nevral [ o
network

¥

601~ (0. 96, 0. 02, 0. 023 {Anger

BO2 . 0. 02, 0. 868, 0. 02} WRelaxation

$03~. (0. 02, 0. 02, 0 gs) |Laughier




6/8

WO 2018/159666 PCT/JP2018/007476

[Fig. 7]
Iuput data

¥
Third neural
nefwork

~.233

¥

701~ (0. 02, 0, 02, 0 95} |Laughter
' simile




7/8

WO 2018/159666

-@‘&Tiaﬁ proce »&m@

3

[Fig. 8]

Designate first taming data
amd second tralnmg data

PCT/JP2018/007476

e $,§ {}

. Perform supervised .‘ YES 849

~earning?

“TRG
¥

s$14

3

Degignate supervisor data

Train hrst newral nebwork by

Trawn first neural network by
unsupervised learming based on
first trainmg data and second
tramumg data

supervised learning based on
first training data and second
traming dats

N,

N

Si 3

1

S18

on first rauung data using fust
cutput data as supervisor data

Train second newral network based




8/8

WO 2018/159666 PCT/JP2018/007476

[Fig. 9]

@taﬂ* ?l?@ﬁ@%ﬁiﬁ@-

i
Acquive second newrsd network or copy

. o oy : T 80
thereol, and set third nevral network 820
¥
Designate mput data e 891
¥
Custput output data corvespending to §
AAAAA featreofinputdata ] S22

@nd p{@ﬁ@&&:ﬂ:@:




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2018/007476

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6N3/08
ADD. GO6N3/04

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO6N

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

[JP]) 7 September 2016 (2016-09-07)
abstract; claims 1-11; figures 1-16
paragraph [0003] - paragraph [0098]

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 1 939 796 A2 (FUJI XEROX CO LTD [JP]) 1-6,
2 July 2008 (2008-07-02) 10-14
A abstract; claims 1-7; figures 2-8 7-9
paragraph [0003] - paragraph [0055]
A US 20177024641 Al (WIERZYNSKI CASIMIR 1-14
MATTHEW [US]) 26 January 2017 (2017-01-26)
abstract; claims 1-18; figures 6,8,9
paragraph [0010] - paragraph [0089]
A EP 3 065 090 A2 (PANASONIC IP MAN CO LTD 1-14

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

4 June 2018

Date of mailing of the international search report

11/06/2018

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Volkmer, Markus

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2018/007476

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

HONG-WEI NG ET AL: "Deep Learning for
Emotion Recognition on Small Datasets
using Transfer Learning",

INTERNATIONAL CONFERENCE ON MULTIMODAL
INTERACTION, ACM, 2 PENN PLAZA, SUITE 701
NEW YORK NY 10121-0701 USA,

9 November 2015 (2015-11-09), pages
443-449, XP058076144,

DOI: 10.1145/2818346.2830593

ISBN: 978-1-4503-3912-4

page 443 - page 447, right-hand column,
paragraph 3

CLIFFORD NASS ET AL: "Improving
automotive safety by pairing driver
emotion and car voice emotion",
CONFERENCE PROCEEDINGS OF CHI 2005, APRIL
2-7, 2005, PORTLAND, OREGON, USA, ACM, 2
PENN PLAZA, SUITE 701 NEW YORK NY
10121-0701 USA,

2 April 2005 (2005-04-02), pages
1973-1976, XP058168602,

DOI: 10.1145/1056808.1057070

ISBN: 978-1-59593-002-6

page 1973 - page 1976, right-hand column,
paragraph 2

1-14

1-14

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/JP2018/007476
Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 1939796 A2 02-07-2008 CN 101206727 A 25-06-2008
EP 1939796 A2 02-07-2008
JP 2008152619 A 03-07-2008
US 2008147576 Al 19-06-2008
US 2017024641 Al 26-01-2017 CN 107851213 A 27-03-2018
EP 3326116 A2 30-05-2018
KR 20180034395 A 04-04-2018
US 2017024641 Al 26-01-2017
WO 2017052709 A2 30-03-2017
EP 3065090 A2 07-09-2016  CN 105938558 A 14-09-2016
EP 3065090 A2 07-09-2016
JP 2017084320 A 18-05-2017
US 2016260014 Al 08-09-2016

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - wo-search-report
	Page 40 - wo-search-report
	Page 41 - wo-search-report

