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(57) Abstract: In order to provide a technique for shortening the time required for a learning apparatus to achieve a learning purpose,
without performing manual manipulation, a learning apparatus configured to learn control of an operation involved in a predetermined
task includes: a learning data accepting unit contigured to accept learning data containing a learning purpose and an allowable require-
ment for a learning operation performed when learning the control; a neural network configured to perform learning based on the learn-
ing data; and an output unit configured to output a learning result obtained by the neural network, wherein the neural network performs
a first learning process for achieving an initial stage of the learning purpose, performs a second learning process for learning a control
range in which a learning operation matches an allowable requirement, based on a result of the first learning process, and performs a
third learning process for achieving the learning purpose within the control range based on a result of the second learning process.
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Description

Title of Invention: LEARNING APPARATUS, LEARNING

[0001]

[0002]

[0003]

[0004]

[0005]
[0006]

CONTROL METHOD, PROGRAM THEREFOR
Technical Field

The present invention relates to a learning apparatus, a learning control method, and
a program therefor.

(CROSS-REFERENCES TO RELATED APPLICATIONS)

This application claims priority to Japanese Patent Application No. 2017-104528

filed May 26, 2017, the entire contents of which are incorporated herein by reference.

Background Art

Conventionally, artificial intelligence technology (hereinafter, referred to as “Al
technology”) such as neural networks has been widely researched (see JP
H6-289918A, for example). In particular, with the rise of Al technology called deep
learning, for example, the recognition rates of techniques for recognizing targets based
on images have improved rapidly in these years, and the recognition rate of classifying
images is almost higher than that of humans. Deep learning technology is expected to
be applied not only to image recognition but also to various other fields such as speech
recognition, personal authentication, behavior prediction, summary writing, machine
translation, monitoring, autonomous driving, failure prediction, sensor data analysis,
music genre determination, content generation, and security systems.

In machine learning such as deep learning, machines can be trained to attain a prede-
termined ability. At this time, learning apparatuses that perform machine learning re-
peatedly perform learning operations until they attain a predetermined ability.

For example, JP H6-289918A discloses a learning control method for robots. In the
learning control method described in JP H6-289918A, an input value that is to be
supplied to a driving unit of a robot is modified based on a difference between a target
motion targeted in a robot operation set in advance by a person and an actual motion

when the robot actually operates.
Citation List

Patent Literature
PTL 1: JP H6-289918A

In learning apparatuses that control actuators based on information from many
sensors, such as control of an engine and driving of an automobile, chemical plants, or
the like, control and sensor information output affect each other, and thus more
complex learning has to be performed in order to attain a control method. Accordingly,

in learning apparatuses that perform such complex learning, it is not easy for a person
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to set a target value of the control amount in advance as in JP H6-289918A. On the
other hand, in the case of training learning apparatuses without setting a target value, it
is necessary to repeat trial and error processing for an extremely large number of times,
which is inefficient.

Summary of Invention

Technical Problem
It is an object of the present invention to shorten the time required for a learning

apparatus to achieve a learning purpose, without performing manual manipulation.

Solution to Problem

An aspect of the present invention is directed to a learning apparatus configured to
learn control of an operation involved in a predetermined task, the apparatus including:
a learning data accepting unit configured to accept learning data containing a learning
purpose and an allowable requirement for a learning operation performed when
learning the control; a neural network configured to perform learning based on the
learning data; and an output unit configured to output a learning result obtained by the
neural network, wherein the neural network performs a first learning process for
achieving an initial stage of the learning purpose, performs a second learning process
for learning a control range in which the learning operation matches the allowable re-
quirement, based on a result of the first learning process, and performs a third learning
process for achieving the learning purpose within the control range based on a result of
the second learning process.

With this configuration, learning of a control range in which a learning operation
matches an allowable requirement is performed before a third learning process for
achieving a learning purpose is performed. Accordingly, the apparatus itself can
perform learning in a control range in which a learning operation matches an allowable
requirement, without a person setting conditions that restrict control operations. Thus,
it is possible to achieve the learning purpose in a shorter period of time.

It is possible that the output unit outputs the result of the second learning process.
With this aspect, a learning result of the control range in which a learning operation
matches an allowable requirement can be used by other learning apparatuses as well.

It is possible that the learning apparatus is a learning apparatus configured to learn
control of a series of operations involved in a predetermined task, the learning
apparatus further includes a classifying unit configured to divide the task into a
plurality of scenes, and, for each of the divided scenes, specify a partial operation that
is to be performed in the scene, from among the series of operations, and the neural
network performs the second learning process and the third learning process for each

partial operation.
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With this aspect, the learning apparatus can classify an operation involved in the
learning into partial operations, which is classifying an operation into smaller units,
according to the scenes, and perform learning for each classified partial operation. Ac-
cordingly, it is possible to achieve the learning purpose in a shorter period of time.

An aspect of the present invention is directed to an autonomous driving control
learning apparatus configured to learn control of a series of operations involved in au-
tonomous driving of a vehicle that does laps of a predetermined course, the apparatus
including: a learning data accepting unit configured to accept learning data containing
a learning purpose in which a purpose is to do a predetermined number of laps of the
course within a predetermined period of time, and an allowable requirement for a
learning operation performed when learning the control; a neural network configured
to perform learning based on the learning data; and an output unit configured to output
a learning result obtained by the neural network, wherein the neural network performs
a first learning process for achieving running of one lap of the course by the vehicle,
performs a second learning process for learning a control range in which the learning
operation matches the allowable requirement, based on a result of the first learning
process, and performs a third learning process for achieving the learning purpose
within the control range based on a result of the second learning process.

An aspect of the present invention is directed to a robot control learning apparatus
configured to learn control of a series of operations involved in a task of carrying a
predetermined target to a predetermined placement position, and stacking and
wrapping a predetermined number of the targets, the apparatus including: a learning
data accepting unit configured to accept learning data containing a learning purpose in
which a purpose is to complete a series of operations as soon as possible, and an
allowable requirement for a learning operation performed when learning the control; a
neural network configured to perform learning based on the learning data; and an
output unit configured to output a learning result obtained by the neural network,
wherein the neural network performs a first learning process for achieving control of
the series of operations involved in the task, performs a second learning process for
learning a control range in which the learning operation matches the allowable re-
quirement, based on a result of the first learning process, and performs a third learning
process for achieving the learning purpose within the control range based on a result of
the second learning process.

An aspect of the present invention is directed to a learning method for learning
control of an operation involved in a predetermined task, the method including:
accepting, by a computer, learning data containing a learning purpose and an allowable
requirement for a learning operation performed when learning the control; performing,

by the computer, learning based on the learning data; and outputting, by the computer,
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a learning result obtained in the learning, wherein performing learning includes
performing, by the computer, a first learning process for achieving an initial stage of
the learning purpose, performing, by the computer, a second learning process for
learning a control range in which the learning operation matches the allowable re-
quirement, based on a result of the first learning process, and performing, by the
computer, a third learning process for achieving the learning purpose within the control

range based on a result of the second learning process.
An aspect of the present invention is directed to a program for causing a computer

configured to learn control of an operation involved in a predetermined task to execute:
accepting learning data containing a learning purpose and an allowable requirement for
a learning operation performed when learning the control; performing learning based
on the learning data; and outputting a learning result obtained in the learning, wherein
performing learning includes performing a first learning process for achieving an
initial stage of the learning purpose, performing a second learning process for learning
a control range in which the learning operation matches the allowable requirement,
based on a result of the first learning process, and performing a third learning process
for achieving the learning purpose within the control range based on a result of the
second learning process.

An aspect of the present invention is directed to an apparatus configured to perform a
predetermined task, the apparatus including: a first sensor configured to sense in-
formation necessary for an operation of the apparatus to perform the task; an actuator;
a second sensor configured to sense a change in a status of the apparatus caused by the
actuator; a control unit configured to control the actuator based on sensor values output
from the first sensor and the second sensor; and a storage unit configured to store a
learning result obtained by the above-described learning apparatus, wherein the control
unit determines a control amount that corresponds to the sensor values output from the
first sensor and the second sensor, within the control range, based on the learning result
stored in the storage unit.

Advantageous Effects of Invention

According to the present invention, it is possible to provide a technique for
shortening the time required for a learning apparatus to achieve a learning purpose,
without performing manual manipulation.

Brief Description of Drawings

[fig. 1]FIG. 1 is a block diagram showing a schematic configuration of a learning
apparatus in a first embodiment.

[fig.2]FIG. 2 is a schematic diagram showing a course for autonomous driving of a

vehicle that is controlled by the learning apparatus in the first embodiment.
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[fig.3]FIG. 3 is a flowchart showing the outline of the processing performed by the
learning apparatus in the first embodiment.
[fig.4]FIG. 4 is a block diagram showing a detailed configuration of the learning
apparatus in the first embodiment.
[fig.5]FIG. 5 is a flowchart showing details of the processing performed by the
learning apparatus in the first embodiment.
[fig.6]FIG. 6 is a flowchart showing details of the processing performed by the
learning apparatus in the first embodiment.
[fig.7]FIG. 7 is a flowchart showing details of the processing performed by the
learning apparatus in the first embodiment.
[fig.8]FIG. 8 is a flowchart showing details of the processing performed by the
learning apparatus in the first embodiment.
[fig.9]FIG. 9 is a diagram showing an example of the hardware configuration of the
learning apparatus in the first embodiment.
[fig. 10]FIG. 10 is a block diagram showing a schematic configuration of a learning
apparatus in a second embodiment.
Description of Embodiments

First Embodiment

Hereinafter, embodiments of the present invention will be described in detail with
reference to the drawings. Note that the same constituent elements are denoted by the
same reference numerals, and a description thereof may not be repeated. The following
embodiments are merely illustrative for the sake of explanation, and are not intended to
limit the present invention thereto. Various modifications can be made without
departing from the gist thereof.

1. System Outline

Hereinafter, the outline of the system in this embodiment will be described with
reference to FIGS. 1 to 3. FIG. 1 is a block diagram showing a schematic configuration
of a learning apparatus 1 according to this embodiment. the learning apparatus 1 learns
a predetermined task. For example, the learning apparatus 1 according to this em-
bodiment is mounted in a vehicle controlled to drive autonomously (hereinafter, alter-
natively referred to simply as a “vehicle”) 90, and learns control of the vehicle 90 for
autonomous driving along a predetermined course (see FIG. 2). At this time, the
learning apparatus 1 is provided with learning data, for example, from an operator or
the like. The learning data is data containing, for example, a learning purpose, learning
requirements, and an allowable requirement as follows.

Learning Purpose

- Do ten laps of a course within predetermined period of time and reach goal
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Learning Requirements

- Do not slide off track

- Running direction is clockwise

- Reach goal

- “Do one lap of course and reach goal” in initial stage level
Allowable Requirement

- Do not come in contact with another object

Note that the task is a matter that is required to be achieved through an operation
involved in the learning (“operation involved in the learning” in this embodiment
refers to various types of control necessary for autonomous driving of the vehicle 90,
and may be considered as being an operation that is performed by the vehicle 90
through the various types of control), and refers to doing laps of a course in this em-
bodiment. Furthermore, the learning purpose is a standard that is to be achieved by the
task, and refers to “do ten laps of a course within predetermined period of time and
reach goal” as described above in this embodiment. Thus, in this embodiment, it is
considered that making the task performable is provided as a learning requirement, in
learning in the initial stage level.

Furthermore, the allowable requirement is a requirement that is required to be
satisfied through an operation (learning operation) that is performed during learning.
That is to say, it is meant that, during learning, for example, the vehicle is allowed to
slide off the track, but is not allowed to come in contact with another object. Note that
a learning purpose, learning requirements, and an allowable requirement are not
limited thereto.

In this embodiment, the learning data is input by an operator or the like from a later-
described learning data input/output unit 21, but the allowable requirement may be au-
tomatically generated by the learning apparatus 1 based on specification values or the
like of components.

Furthermore, in the description below, the learning apparatus 1 is described as an
apparatus including a computer such as a PC (personal computer) or a server
apparatus, but there is no limitation to this, and it may be realized by, for example, any
built-in device that has a processor, a RAM, a ROM, and the like. Furthermore, the
configuration of elements installed in the apparatuses is not limited to those realized by
software. The apparatuses may have a configuration realized by hardware. For
example, a later-described neural network 22 may be configured by an electronic
circuit such as a custom LSI (large-scale integration) or an FPGA (field-programmable
gate array).

As shown in FIG. 1, the learning apparatus 1 includes a control unit 10, a machine

learning unit 20, an operation classifying unit 30, and a storage unit 40.



WO 2018/216490 PCT/JP2018/018133

[0027]

[0028]

[0029]

[0030]

[0031]

In the vehicle 90, the control unit 10 is connected to a control sensor 91, an actuator
92, and a status detection sensor 93 provided outside the learning apparatus 1. The
control unit 10 controls the actuator 92 in response to output from the control sensor 91
and the status detection sensor 93, thereby performing autonomous driving of the
vehicle 90.

The control sensor 91 is a sensor group for controlling the autonomous driving of the
vehicle 90. For example, the control sensor 91 is configured by a sensor for sensing
obstacles outside the vehicle or a sensor for detecting the state of the road surface such
as a vehicle-mounted camera or a laser, for example. Meanwhile, the status detection
sensor 93 is a sensor group for detecting the control status of the vehicle 90 in an au-
tonomous driving state. For example, the status detection sensor 93 is configured by a
vibration sensor, a noise sensor, a fuel consumption sensor, a vehicle speed sensor, an
acceleration sensor, a yaw rate sensor, or the like.

The actuator 92 is controlled by the control unit 10 for autonomous driving of the
vehicle 90. The actuator 92 is configured by, for example, an accelerator actuator, a
brake actuator, a steering actuator, or the like. The accelerator actuator controls the
vehicle driving force by controlling the throttle opening degree in response to a control
signal from the control unit 10. The brake actuator controls the braking force on
vehicle wheels by controlling the operation amount of the brake pedal in response to a
control signal from the control unit 10. The steering actuator performs control of
vehicle steering action by controlling driving of a steering assistance motor of an
electronic power steering system in response to a control signal from the control unit
10.

Next, the procedure in which the learning apparatus 1 performs learning will be
roughly described with reference to FIG. 3. The processing in each step will be
described later in detail. FIG. 3 is a flowchart showing the outline of the processing
flow when the learning apparatus 1 performs learning. First, as a learning initial stage
(S1), learning is performed for the purpose of making the task performable (i.e.,
making an operation that satisfies the learning requirements in the initial stage per-
formable). In order to learn control of autonomous driving along a predetermined
course, the learning apparatus 1 in this embodiment is provided with “do one lap of
course and reach goal” as a learning requirement in the initial stage.

After the purpose in the initial stage has been cleared, operation classification (S2) is
performed. In this stage, the content of the learning performed in the learning initial
stage S1 is analyzed, so that the task is divided into a plurality of portions based on
predetermined parameter (hereinafter, a portion obtained by dividing a task is alter-
natively referred to as a “scene”), and, in each divided scene, an operation that is to be

performed in that scene (hereinafter, alternatively referred to as a “partial operation™) is
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specified from among the series of operations involved in the task. The predetermined
parameter for dividing the task is, for example, a displacement amount in the operation
involved in the learning of the task, or the environment in which the operation
involved in the learning of the task is performed (the time elapsed from when the task
is started, a relative position from where the task is started, etc.). In this embodiment, a
relative position from where the task is started is used as the predetermined parameter.
That is to say, in this embodiment, the learning apparatus 1 divides the task into scenes
based on the position in a course, and classifies the series of operations involved in the
learning into scenes based on an operation performed in units of a course corre-
sponding to each divided scene. The efficiency of learning can be increased by
performing the learning in units of partial operations classified according to the scenes.
Increasing the efficiency of learning may refer to, for example, shortening the time
required from when the learning is started to when the learning purpose is achieved.

In the next step after the operations have been classified, learning of an operation
allowable range (S3) is performed for each classified partial operation. The operation
allowable range refers to an appropriate range of a control amount that is given, during
learning, to a control target whose control is learned by the control unit 10 through
learning. More specifically, the operation allowable range refers to, in a case where the
control unit 10 causes a control target to operate (perform a learning operation) during
learning with a predetermined control amount, the range of a control amount in which
the learning operation matches the allowable requirement. In this embodiment, the
operation allowable range is, in a case where the control unit 10 controls the actuator
92 with a predetermined control amount, the range of a control amount in which the
vehicle 90 can operate without coming in contact with another object as a result of the
actuator 92 operating the vehicle 90 based on the given control amount. Specifically,
as the operation allowable range, it is possible to learn values ranging from the
minimum value to the maximum value of a control amount of an actuator (control of a
brake, an accelerator, steering, and the like). If the learning of an operation allowable
range in which the allowable requirement is satisfied is performed in advance, learning
can be performed without performing an operation departing from the allowable re-
quirements when performing learning of optimal control in subsequent steps. Ac-
cordingly, the efficiency of the learning can be further increased.

In a learning final stage (S4), the learning is optimized. In this stage, in a state where
partial operations classified into scenes and learned are combined, learning for
optimally performing the operation from start to end is performed. In this embodiment,
learning through doing ten laps of a course within a predetermined period of time and
reaching a goal is performed as the learning in the final stage.

2. Detailed Processing
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Next, the processing of the learning apparatus 1 in each step will be described in detail
with reference to FIGS. 4 to 8. FIG. 4 is a block diagram showing a detailed con-
figuration of the learning apparatus 1 according to this embodiment. As shown in FIG.
4, the machine learning unit 20 includes a learning data input/output unit 21, a neural
network 22, and a learning result output unit 23. The operation classifying unit 30
includes a control data extracting unit 31 and an operation classifying result extracting
unit 32.

Hereinafter, the processing of each unit will be described in detail in each step of FIG.
3.

2-1. Learning Initial Stage

FIG. 5 is a flowchart showing details of the processing flow in the learning initial
stage in step S1 shown in FIG. 3. First, in the learning initial stage (first learning
process), the learning data input/output unit 21 accepts learning data (S101). The
learning data is data containing, for example, a learning purpose, learning re-
quirements, and an allowable requirement as described above.

In the next step (S102), machine learning is performed. In this embodiment,
conditions that restrict individual control operations are not specified in advance, and
thus learning of the control operation is performed by the learning apparatus 1 itself.
Specifically, the control unit 10 operates the actuator 92 by setting a random control
amount thereto. At this time, it is natural that the vehicle 90 cannot drive along the
course, and thus the vehicle 90 drives in a haphazard way while sliding off the track,
for example. The control unit 10 reads output (hereinafter, alternatively referred to as
“sensor value”) from the control sensor 91 and the status detection sensor 93 for the
control amount given at random, and stores the data (the control amount and the sensor
values) in the storage unit 40. The neural network 22 refers to the storage unit 40 and
reads the stored control amount and sensor values, and performs learning of a control
operation that matches the learning requirements through deep learning (S102).

In the learning requirements, “do one lap of course and reach goal” is set as the
purpose in the initial stage level. Accordingly, in the learning apparatus 1, for example,
when it is determined based on output from the control sensor 91 that the vehicle has
done one lap of the course and reached the goal, the machine learning is judged to have
reached the initial stage level (S103: Y), and the learning in the initial stage is ended.

2-2. Operation Classification

FIG. 6 is a flowchart showing details of the processing flow in the operation classi-
fication in step S2 shown in FIG. 3. First, when performing the operation classification
processing, the control data extracting unit 31 extracts the sensor value of the control
sensor 91 when the learning initial stage ends and the control amount of the actuator 92

and the sensor value of the status detection sensor 93 corresponding thereto, from the
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storage unit 40 (S201). the control data extracting unit 31 inputs the extracted values to
the neural network 22 as learning data.

Next, the neural network 22 performs machine learning based on the learning data
input by the control data extracting unit 31 (S202). At this time, the neural network 22
divides the course-running operation into a predetermined number of divided scenes.

Hereinafter, the processing in which the neural network 22 classifies the course-
running operation into scenes will be described in more detail. The neural network 22
classifies the course-running operation into scenes based on scene vectors and
operation vectors. In this embodiment, the scene vectors express a scene of the task
that is performed by the vehicle 90. The scene vectors are acquired, for example, from
sensor values (e.g., a position (or distance) from the start point, and a direction from
the start point) that are output by the control sensor 91. For example, assuming the xy
coordinates taking the start point as the origin, the scene vector at a point I can be
expressed as (1, ).

Meanwhile, the operation vectors express the control status of the driving vehicle 90.
The operation vectors are acquired, for example, from sensor values (e.g., velocity, ac-
celeration, angular velocity, angular acceleration, etc.) that are output by the status
detection sensor 93. For example, the operation vector at the point 1 can be expressed
as (v;, a) using a velocity v and an acceleration a at the point 1.

The neural network 22 divides the task into scenes based on the scene vector (1, ),
and learns, for each divided scene, operation classification that is to be learned in that
scene based on the operation vector (vy, a;). Accordingly, the learning apparatus 1 can
learn a partial operation that corresponds to a scene, by judging in which scene the
learning apparatus 1 is currently present. For example, the neural network 22 focuses
on the position that is expressed by the scene vector as well as the point at which the
operation vector changes, thereby finding acceleration, deceleration, change of
direction, and the like of the operation of the vehicle 90, so that the series of operations
can be classified into operations corresponding to the scenes based on the change
point. Also, for example, the neural network 22 can learn the operation classification
based on the similarity levels of the operation vectors.

In the example of the course shown in FIG. 2, the task is divided into scenes corre-
sponding to five courses (a) to (). The partial operations classified into scenes are, for
example, as follows.

Scene (a): first straight partial operation (e.g., control of deceleration timing, driving
position, and the like when reaching the subsequent first corner)

Scene (b): first corner partial operation (e.g., control of steering at a corner, ac-
celeration timing when entering the second straight, and the like)

Scene (c): second straight partial operation (e.g., control of deceleration timing,
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driving position, and the like when reaching the subsequent second corner)

Scene (d): second corner partial operation (e.g., control of steering at a corner, ac-
celeration timing, when entering the third straight and the like)

Scene (e): third straight partial operation (e.g., control of acceleration and the like
when entering the first straight)

Note that the neural network 22 can preferably sort the divided scenes in the time-
series order.

The operation classifying result extracting unit 32 extracts the partial operation clas-
sification learned by the neural network 22, and stores it in the storage unit 40 (S203).

2-3. Learning of Operation Allowable Range

FIG. 7 is a flowchart showing details of the processing flow in the learning of an
operation allowable range (second learning process) in step S3 shown in FIG. 3. First,
the learning data input/output unit 21 selects a partial operation from among the partial
operations classified in the processing in step S2, referring to the storage unit 40, and
extracts the control amount for the actuator 92 necessary for this selected partial
operation. The learning data input/output unit 21 performs control in the extracted
control amount, and judges whether or not the allowable requirement has been satisfied
as a result of the control, for example, based on output from the status detection sensor
93 and the like. At this time, for example, under the allowable requirement of not
coming in contact with another object, it is judged whether or not the vehicle has come
in contact with another object, whether or not the vehicle has stopped due to that
contact, and the like. The learning data input/output unit 21 reads the extracted control
amount and information (judgment result) as to whether or not the learning operation
becomes to match the allowable requirement as a result of the control, as learning data,
and gives them to the neural network 22 as learning data. The neural network 22
performs learning through deep learning based on the given learning data (S301). The
neural network 22 extracts the minimum value and the maximum value of the control
amount of the actuator 92 in which the allowable requirement is satisfied, as a result of
the learning. The learning result output unit 23 stores the extracted minimum value and
maximum value, as the operation allowable range, in the storage unit 40.

The learning apparatus 1 performs the processing in step S301 (and S302) on all
classified partial operations (S303). Note that the learning result output unit 23 can
output the stored operation allowable range, as a learning result of the operation
allowable range. Accordingly, for example, it is possible to accept a learning result of
the operation allowable range, from another learning apparatus 1’ that has a similar
configuration, thereby omitting the second learning process.

Although not essential, after learning the operation allowable range, for all classified

partial operations, the learning apparatus 1 may perform learning again through the



12

WO 2018/216490 PCT/JP2018/018133

[0049]

[0050]

[0051]

[0052]

series of operations (S304). Accordingly, faster course-running control can be
performed.

In this manner, the learning apparatus 1 according to this embodiment performs
learning of control with which the learning operation is within the operation allowable
range, for classified partial operations, and thus it is possible to perform learning while
avoiding such control in the subsequent learning. Accordingly, it is possible to perform
a more efficient learning process.

2-4. Optimization Learning

FIG. 8 is a flowchart showing details of the processing flow in the optimization
learning (third learning process) in step S4 shown in FIG. 3. In the optimization
learning, the learning that has been performed in the steps up to S3 is optimized, and
thus learning for achieving the learning purpose (“do ten laps of a course within prede-
termined period of time and reach goal” in this embodiment) given as learning data
when the learning was started is performed. In the optimization learning, it is possible
to perform the learning within the operation allowable range learned in step S3. At this
time, the learning data input/output unit 21 refers to the storage unit 40 and extracts
learning data (which is set by an operator) input in the learning initial stage (S1 in FIG.
3). Furthermore, the learning data input/output unit 21 extracts a status of the neural
network 22 after learning an operation allowable range referring to the storage unit 40.
The learning data input/output unit 21 sets the extracted data to the control unit 10.

The control unit 10 outputs the control amount for the actuator 92, based on the set
data described above, and acquires sensor values of the control sensor 91 and the status
detection sensor 93 corresponding thereto. The control unit 10 stores the control
amount and the sensor values output therefor, in the storage unit 40. At this time, it is
judged whether or not the control amount that is output to the actuator 92 is within the
stored operation allowable range. The control amount is output if it is within the
operation allowable range, and the control amount is not output if it is out of the
operation allowable range.

The neural network 22 reads the control amount and the sensor values stored by the
control unit 10 in the above-described processing, and performs learning through deep
learning (S401). Accordingly, the neural network 22 can more efficiently learn a
control operation that matches the learning requirements from the start to the end of the
operation (i.e., from the start to the goal of the course), in a state where an operation
allowable range has been learned. The processing in step S401 is repeatedly performed
until the entire learning is optimized (S402). A result of the optimization learning is
extracted by the learning result output unit 23, and stored in the storage unit 40. Ac-
cordingly, in the optimization learning, it is possible to perform learning within the

operation allowable range.
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In this manner, with the learning apparatus 1 according to this embodiment, the
learning apparatus 1 itself can classify an operation involved in the learning into partial
operations, and perform learning. Accordingly, individual optimization can be
performed for each classified operation, and the learning can be performed more ef-
ficiently (i.e., in a shorter period of time). Moreover, with the learning apparatus 1
according to this embodiment, when learning a partial operation, first, an operation
allowable range is learned. Accordingly, the learning can be efficiently performed
without a person setting detailed conditions in advance for each operation.

Hardware Configuration

Hereinafter, an example of the hardware configuration in a case where the learning
apparatus 1 described above is realized by a computer 800 will be described with
reference to FIG. 9. Note that the configuration of each apparatus may be realized by a
plurality of separate devices.

As shown in FIG. 9, the computer 800 includes a processor 801, a memory 803, a
storage apparatus 805, an input interface unit (input I/F unit) 807, a data interface unit
(data I/F unit) 809, a communication interface unit (communication I/F unit) 811, and
a display apparatus 813.

The processor 801 controls various types of processing in the computer 800 by
executing programs stored in the memory 803. For example, as a result of the
processor 801 executing programs stored in the memory 803, the control unit 10, the
machine learning unit 20, the operation classifying unit 30, and the like of the learning
apparatus 1 can be realized.

The memory 803 is a storage medium, for example, such as a RAM (random access
memory). The memory 803 temporarily stores program code of programs that are
executed by the processor 801, and data that is required at the time when the programs
are executed.

The storage apparatus 805 is, for example, an auxiliary memory such as a hard disk
drive (HDD) or a solid state drive, or a non-volatile storage medium such as a flash
memory. The storage apparatus 805 stores various programs for realizing the operating
system or the above-described configurations. These programs and data are loaded
onto the memory 803 as necessary, and referred to by the processor 801. For example,
the storage unit 40 described above is realized by the storage apparatus 805.

The input I/F unit 807 is a device for accepting input from an administrator. Specific
examples of the input I/F unit 807 include a keyboard, a mouse, a touch panel, various
sensors, a wearable device, and the like. The input I/F unit 807 may be connected to
the computer 800, for example, via an interface such as a USB (universal serial bus).

The data I/F unit 809 is a device for inputting data from the outside of the computer

800. Specific examples of the data I/F unit 809 include drive devices and the like for
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reading data stored in various storage media. The data I/F unit 809 may be provided
external to the computer 800. In that case, the data I/F unit 809 is connected to the
computer 800, for example, via an interface such as a USB.

The communication I/F unit 811 is a device for performing wired or wireless data
communication with an apparatus outside the computer 800 via the Internet N. the
communication I/F unit 811 may be provided external to the computer 800. In that
case, the communication I/F unit 811 is connected to the computer 800, for example,
via an interface such as a USB.

The display apparatus 813 is a device for displaying various types of information.
Specific examples of the display apparatus 8§13 include a liquid crystal display, an
organic EL (electro-luminescence) display, a wearable display, and the like. the display
apparatus 8§13 may be provided external to the computer 800. In that case, the display
apparatus 813 is connected to the computer 800, for example, via a display cable or the
like.

Second Embodiment

In the first embodiment, an example was described in which the learning apparatus 1
is used for the vehicle 90 controlled to drive autonomously. However, the apparatus to
which the learning apparatus 1 is applied is not limited to the example shown in the
first embodiment, and the learning apparatus 1 can be applied to various apparatuses.
In this embodiment, an example will be described in which the learning apparatus 1 is
applied to the control of a robot whose task is to wrap paper cups. In the second em-
bodiment, mainly differences from the first embodiment will be described.

First, differences from the first embodiment in terms of the system configuration
according to this embodiment will be described with reference to FIG. 10. The con-
figuration of the learning apparatus 1 is as in the first embodiment. On the other hand,
the configuration outside the learning apparatus 1 in this embodiment is such that a
control sensor 91” is configured by a sensor group for performing a pick-and-place
operation. Specifically, it is configured by a workpiece detection sensor (image
sensor), a robot holding force sensor, or the like. Furthermore, the control sensor 91°
includes an image recognition algorithm, and can recognize the shape of a workpiece
that it is holding. The other portions of the configuration outside the learning apparatus
1 are as described in the first embodiment.

Next, differences between learning according to this embodiment and learning
according to the first embodiment will be described. The pick-and-place operation that
is a task according to this embodiment refers to an operation that is performed
following the procedure below.

1) Hold only one paper cup, and place it at predetermined position

2) Repeat the above-stated operation (hold + place) for predetermined number of



15

WO 2018/216490 PCT/JP2018/018133

[0066]

[0067]

[0068]

[0069]

[0070]

times, thereby stacking predetermined number of paper cups

3) Place one group of predetermined number of stacked paper cups in bag

4) Twist end of bag, and clip opening of bag with band

5) Place one bag whose opening has been clipped with band, in cardboard box

6) Repeat the above-stated operations 1) to 5) for predetermined number of times,
thereby placing another bag whose opening has been clipped with band, in cardboard
box

7) Repeat the above-stated operation 6) for predetermined number of times, and close
lid of cardboard box in which bags are contained

In learning of robot control according to this embodiment, a given learning purpose,
learning requirements, and allowable requirement are as follows.

Learning Purpose

- Complete the above-stated series of operations within predetermined period of time

Learning Requirements

- Do not allow cups to stick out of bag or cardboard box

- “Complete series of operations” (i.e., “making series of operations involved in the
task controllable™) in initial stage level

Allowable Requirement

- Do not damage paper cup, bag, cardboard box

With the learning apparatus 1 to which the above-described learning data is given
according to this embodiment, the minimum value and the maximum value of a force
applied when holding a cardboard box or a paper cup are learned as the operation
allowable range.

Above, embodiments of the present invention have been described. The foregoing
embodiments are for the purpose of facilitating understanding of the present invention,
and are not to be interpreted as limiting the present invention. The invention can be
altered and improved without departing from the gist thereof. For example, the steps in
the above-described processing flows can be partially omitted, be rearranged in any
desired order, or be executed in parallel, as long as doing so does not cause conflict in
the processing content.

In the foregoing embodiments, examples were described in which the system
according to the present invention is used to manage abilities acquired by machines
according to Al technology such as deep learning, but the present invention is not
limited thereto, and can be applied to a wide variety of fields. Examples thereof
include distinguishing non-defective products from defective products, foods, machine
parts, chemical products, drugs, and the like in various fields including industrial
fields, fishery fields, agricultural fields, forestry fields, service industries, and medical

and health fields. Furthermore, the present invention can be applied to cases where Al
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technology is applied to products in embedding fields, systems such as social systems
using IT techniques, analysis of big data, classifying processing in a wide variety of
control apparatuses, and the like.

Note that, in this specification, a “portion”, “unit” or “procedure” does not merely
mean a physical configuration, and there are also cases where processing that is
performed by a “portion” or the like is realized by software. Furthermore, processing
that is performed by one “portion” or the like or apparatus may be performed by two or
more physical configurations or apparatuses, and processing that is performed by two
or more “portions” or the like or apparatuses may be performed by one physical unit or
apparatus.

Note that part of or the entirety of the foregoing embodiments may be described as in
Additional Remarks below, but there is no limitation to this.

Additional Remark 1

A learning apparatus including at least one hardware processor,

wherein the hardware processor

accepts learning data containing a learning purpose and an allowable requirement for
a learning operation performed when learning control,

performs learning based on the learning data, and

outputs a learning result obtained by a neural network,

wherein the performing learning includes performing a first learning process for
achieving an initial stage of the learning purpose, performing a second learning process
for learning a control range in which the learning operation matches the allowable re-
quirement, based on a result of the first learning process, and performing a third
learning process for achieving the learning purpose within the control range based on a
result of the second learning process.

Additional Remark 2

A learning method that is performed by at least one hardware processor for executing
a step of performing learning, the method including:

a step of accepting learning data containing a learning purpose and an allowable re-
quirement for a learning operation performed when learning control;

a step of performing learning based on the learning data; and

a step of outputting a learning result obtained in the step of performing learning,

wherein the step of performing learning includes a step of performing a first learning
process for achieving an initial stage of the learning purpose, performing a second
learning process for learning a control range in which the learning operation matches
the allowable requirement, based on a result of the first learning process, and
performing a third learning process for achieving the learning purpose within the

control range based on a result of the second learning process.
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Claims

A learning apparatus configured to learn control of an operation
involved in a predetermined task, the apparatus comprising:

a learning data accepting unit configured to accept learning data
containing a learning purpose and an allowable requirement for a
learning operation performed when learning the control;

a neural network configured to perform learning based on the learning
data; and

an output unit configured to output a learning result obtained by the
neural network,

wherein the neural network performs a first learning process for
achieving an initial stage of the learning purpose, performs a second
learning process for learning a control range in which the learning
operation matches the allowable requirement, based on a result of the
first learning process, and performs a third learning process for
achieving the learning purpose within the control range based on a
result of the second learning process.

The learning apparatus according to claim 1, wherein the output unit
outputs the result of the second learning process.

The learning apparatus according to claim 1,

wherein the learning apparatus is a learning apparatus configured to
learn control of a series of operations involved in a predetermined task,
the learning apparatus further comprises a classifying unit configured to
divide the task into a plurality of scenes, and, for each of the divided
scenes, specify a partial operation that is to be performed in the scene,
from among the series of operations, and

the neural network performs the second learning process and the third
learning process for each partial operation.

An autonomous driving control learning apparatus configured to learn
control of a series of operations involved in autonomous driving of a
vehicle that does laps of a predetermined course, the apparatus
comprising:

a learning data accepting unit configured to accept learning data
containing a learning purpose in which a purpose is to do a prede-
termined number of laps of the course within a predetermined period of
time, and an allowable requirement for a learning operation performed

when learning the control;
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a neural network configured to perform learning based on the learning
data; and

an output unit configured to output a learning result obtained by the
neural network,

wherein the neural network performs a first learning process for
achieving running of one lap of the course by the vehicle, performs a
second learning process for learning a control range in which the
learning operation matches the allowable requirement, based on a result
of the first learning process, and performs a third learning process for
achieving the learning purpose within the control range based on a
result of the second learning process.

A robot control learning apparatus configured to learn control of a
series of operations involved in a task of carrying a predetermined
target to a predetermined placement position, and stacking and
wrapping a predetermined number of the targets, the apparatus
comprising:

a learning data accepting unit configured to accept learning data
containing a learning purpose in which a purpose is to complete the
task as soon as possible, and an allowable requirement for a learning
operation performed when learning the control;

a neural network configured to perform learning based on the learning
data; and

an output unit configured to output a learning result obtained by the
neural network,

wherein the neural network performs a first learning process for
achieving control of the series of operations involved in the task,
performs a second learning process for learning a control range in
which the learning operation matches the allowable requirement, based
on a result of the first learning process, and performs a third learning
process for achieving the learning purpose within the control range
based on a result of the second learning process.

A learning method for learning control of an operation involved in a
predetermined task, the method comprising:

accepting, by a computer, learning data containing a learning purpose
and an allowable requirement for a learning operation performed when
learning the control;

performing, by the computer, learning based on the learning data; and

outputting, by the computer, a learning result obtained in the learning,
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wherein performing learning includes performing, by the computer, a
first learning process for achieving an initial stage of the learning
purpose, performing, by the computer, a second learning process for
learning a control range in which the learning operation matches the
allowable requirement, based on a result of the first learning process,
and performing, by the computer, a third learning process for achieving
the learning purpose within the control range based on a result of the
second learning process.

A program for causing a computer configured to learn control of an
operation involved in a predetermined task to execute:

accepting learning data containing a learning purpose and an allowable
requirement for a learning operation performed when learning the
control;

performing learning based on the learning data; and

outputting a learning result obtained in the learning,

wherein performing learning includes performing a first learning
process for achieving an initial stage of the learning purpose,
performing a second learning process for learning a control range in
which the learning operation matches the allowable requirement, based
on a result of the first learning process, and performing a third learning
process for achieving the learning purpose within the control range
based on a result of the second learning process.

An apparatus configured to perform a predetermined task, the apparatus
comprising:

a first sensor configured to sense information necessary for an
operation of the apparatus to perform the task;

an actuator;

a second sensor configured to sense a change in a status of the
apparatus caused by the actuator;

a control unit configured to control the actuator based on sensor values
output from the first sensor and the second sensor; and

a storage unit configured to store a learning result obtained by the
learning apparatus according to any one of claims 1 to 3,

wherein the control unit determines a control amount that corresponds
to the sensor values output from the first sensor and the second sensor,
within the control range, based on the learning result stored in the

storage unit.
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