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Description

Title of Invention: LEARNING TARGET APPARATUS AND

OPERATING METHOD

Technical Field
[0001] The present invention relates to a learning target apparatus and an operating method.

Background Art
[0002] The volume of data that can be handled in a system has been explosively increasing,

owing to the advance of CPUs (Central Processing Units) and storage devices of

computers, as well as networks. Such large volumes of data are called big data. F ur

thermore, a great number of apparatuses that serve as data sources and operation

targets are connected to each other via networks, and various IoT (Internet of Things)

systems have been developed as a mechanism for integrating them. Various kinds of

information processing can be performed by handling big data in IoT systems.

However, to perform new information processing, new abilities are imparted to ap

plications. In recent years, the amount of development regarding this has increased

greatly, and there is a situation where resources for application development are in

sufficient. If new AI (Artificial Intelligence) technology including deep learning

enables applications to acquire new abilities, such a situation where resources are in

sufficient can be solved.

[0003] Artificial intelligence including neural networks has been widely researched for

many years. For example, technology for recognizing objects appearing in images has

been improved in many ways, and the recognition rate has been increasing gradually.

In particular, introduction of deep learning has rapidly increased the object recognition

rate. Deep learning technology is used in a wide variety of fields including not only

image recognition, but also voice recognition, text summarization, automatic

translation, autonomous driving, fault prediction, sensor data analysis, and the like.

Machine learning such as this deep learning enables a machine to acquire a new

ability.

[0004] For example, as techniques related to a method for equipping an apparatus with a

new ability, Patent Documents 1 and 2 propose techniques of rewriting printer

firmware. Patent Documents 3 and 4 propose techniques associated with machine

learning, and Patent Document 5 proposes a character identification system using deep

learning.

Citation List
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[0005] PTL 1: JP 2009-134474A



PTL 2 : JP 2007-140952A

PTL 3 : JP 2014-228972A

PTL 4 : JP 581677 IB
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Summary of Invention

Technical Problem
[0006] The present inventors found that the aforementioned conventional AI technology has

the following problem. That is to say, in the conventional AI technology, an apparatus

to which a new ability is to be imparted, such as a robot, is prepared at hand, and this

apparatus is enabled to acquire the new ability by executing machine learning

processing. For this reason, if the apparatus to which a new ability is to be imparted is

placed at a remote location, it has been difficult to impart the new ability to this

apparatus.

[0007] To solve the foregoing problem, the present inventors invented a system for

imparting a new ability to an apparatus located at a remote location by enabling the

apparatus to perform machine learning processing by means of remote manipulation.

However, the present inventors found that, since the learning target apparatus is

remotely manipulated in this system, there is a problem in that an unexpected accident

or the like may happen around the learning target apparatus.

[0008] The present invention has been made in view of the foregoing situation in an aspect,

and aims to provide a mechanism for ensuring the safety around a learning target

apparatus that is placed at a remote location, when the learning target apparatus is

remotely manipulated in order to carry out machine learning.

Solution to Problem
[0009] To achieve the above-stated object, the present invention employs the following con

figuration.

[0010] That is to say, a learning target apparatus according to an aspect of the present

invention is a learning target apparatus that is placed at a location remote from a

learning apparatus for performing machine learning for acquiring a designated ability

in accordance with a learning request from a client, the learning target apparatus being

caused to acquire the designated ability through the machine learning of the learning

apparatus, including: a display unit; and a control unit, wherein the control unit is

configured to execute: an accepting step of accepting, from the learning apparatus, a

command made through remote manipulation that instructs the learning target

apparatus to execute an operation associated with the designated ability; an execution

step of executing the operation associated with the designated ability in accordance

with the accepted command made through the remote manipulation; and a display step



of causing the display unit to display that an operation is being executed in accordance

with the remote operation from the learning apparatus, while the operation is being

executed in accordance with the command made through the remote manipulation.

[001 1] The learning target apparatus with this configuration displays, on the display unit,

that the operation is being executed in accordance with remote manipulation from the

learning apparatus, while the learning target apparatus is operating in accordance with

the command made through remote manipulation from the learning apparatus. With

this configuration, operators around the learning target apparatus can be notified that

the learning target apparatus is being remotely manipulated, through this display on the

display unit. Thus, the safety around the learning target apparatus can be ensured. A c

cordingly, with this configuration, it is possible to provide a mechanism for ensuring

the safety around the learning target apparatus that is placed at a remote location, when

the learning target apparatus is remotely manipulated in order to carry out machine

learning.

[0012] Note that the learning target apparatus may not be particularly limited as long as the

learning target apparatus is an apparatus that can be controlled by a computer, and may

be selected as appropriate, as per an embodiment. For example, the learning target

apparatus may be a robot system that is used for a production line, or surgery. The

ability to be acquired may include any kind of ability that the learning target apparatus

can be equipped with, and is, for example, a function that can be provided by the

learning target apparatus, or information processing that can be executed by the

learning target apparatus. To acquire an ability includes the learning target apparatus

becoming able to carry out a new function or information processing that it is not

equipped with, and the learning target apparatus becoming able to more efficiently

carry out an equipped function or information processing. Furthermore, being placed at

a remote location means that the learning apparatus and the learning target apparatus

are physically separate from each other, and refers to, for example, placement in which

a person who is present on the learning apparatus side cannot see a person who is

present on the learning target apparatus side, or cannot directly hear the voice of the

person who is present on the learning target apparatus side, as in the case where these

apparatuses are partitioned by a wall or are placed in different buildings. Also, for

example, the learning target apparatus is installed in a factory of the client who has

requested the learning, the learning apparatus is installed in a building of the company

that takes on the learning request, and the learning target apparatus and the learning

apparatus are placed in different buildings. The present invention is particularly

effective in the case where it takes time, to some extent, for an engineer who belongs

to a company that manages the learning apparatus to visit the location where the

learning target apparatus is placed, e.g. the learning apparatus and the learning target



apparatus are placed in different prefectures. It is also favorable that machine power of

the learning apparatus is higher than machine power of the learning target apparatus.

That is to say, the learning target apparatus may be configured to have lower machine

power than that of the learning apparatus. The machine power may be compared based

on the processing speed of a CPU, the capacity of a memory, the readout speed of the

memory, or the like.

[0013] The learning target apparatus according to the above-described aspect may further

include a communication unit configured to communicate with a peripheral apparatus

placed around the learning target apparatus. The control unit may be configured to

further execute a notification step of notifying, using the communication unit, the p e

ripheral apparatus that the operation is being executed in accordance with the remote

manipulation from the learning apparatus, while the operation is being executed in ac

cordance with the command made through the remote manipulation. With this con

figuration, the peripheral apparatus can recognize that the learning target apparatus is

operating in accordance with remote manipulation. Thus, the peripheral apparatus can

be configured not to inhibit the operation of the learning target apparatus executed in

accordance with remote manipulation for machine learning.

[0014] In the learning target apparatus according to the above-described aspect, the control

unit may be configured to further execute a completion notification step of notifying,

using the communication unit, the peripheral apparatus that the operation executed in

accordance with the remote manipulation is completed, after the remote manipulation

from the learning apparatus is completed. With this configuration, the peripheral

apparatus can recognize that the learning target apparatus has completed the operation

executed in accordance with remote manipulation.

[0015] In the learning target apparatus according to the above-described aspect, the control

unit may be configured to further execute a completion display step of causing the

display unit to display that the operation executed in accordance with the remote m a

nipulation is completed, after the remote manipulation from the learning apparatus is

completed. Thus, operators around the learning target apparatus can be notified that the

learning target apparatus has completed the operation executed in accordance with

remote manipulation. In particular, operators around the learning target apparatus can

be notified that the operation executed in accordance with remote manipulation from

the learning apparatus has been completed, and that the learning target apparatus will

not suddenly start to operate in accordance with remote manipulation.

[0016] In the learning target apparatus according to the above-described aspect, the display

unit may be a display, and in the display step, the control unit may cause the display to

display content of the operation executed in accordance with the remote manipulation

from the learning apparatus. With this configuration, operators around the learning



target apparatus can be notified of the content of the operation executed in accordance

with remote manipulation.

[0017] In the learning target apparatus according to the above-described aspect, in the

accepting step, the control unit may accept the command that instructs the learning

target apparatus to execute a plurality of operations. In the display step, the control unit

may cause the display to display content of an operation to be executed subsequently to

the operation that is being executed due to the execution step. With this configuration,

operators around the learning target apparatus can be notified, in advance, of the

operation of the learning target apparatus by displaying, on the display, the content of

the operation to be executed subsequently to the operation that is being executed. Thus,

the safety around the learning target apparatus can be increased.

[0018] In the learning target apparatus according to the above-described aspect, if an

operation that is being executed is a dangerous operation, in the display step, the

control unit may cause the display to display that the operation that is being executed is

a dangerous operation. With this configuration, operators around the learning target

apparatus can be clearly notified that they may be in danger by clearly indicating the

dangerous operation. Thus, the safety around the learning target apparatus can be

increased.

[0019] In the learning target apparatus according to the above-described aspect, the display

unit may be an indicator lamp. In the display step, the control unit may cause the

indicator lamp to indicate that the operation is being executed in accordance with the

remote manipulation from the learning apparatus, by causing the indicator lamp to emit

light in a first display mode. In the completion display step, the control unit may cause

the indicator lamp to indicate that the operation executed in accordance with the

remote manipulation is completed, by causing the indicator lamp to emit light in a

second display mode that is different from the first display mode. With this con

figuration, a mechanism for ensuring the safety around the learning target apparatus

can be realized cheaply.

[0020] An operation method according to an aspect of the present invention is an operation

method for a learning target apparatus that is placed at a location remote from a

learning apparatus for performing machine learning for acquiring a designated ability

in accordance with a learning request from a client, the learning target apparatus being

caused to acquire the designated ability through machine learning of the learning

apparatus and including a display unit, the method including: an accepting step of

accepting, from the learning apparatus, a command made through remote manipulation

that instructs the learning target apparatus to execute an operation associated with the

designated ability; an execution step of executing the operation associated with the

designated ability in accordance with the accepted command made through the remote



manipulation; and a display step of causing the display unit to display that an operation

is being executed in accordance with the remote operation from the learning apparatus,

while the operation is being executed in accordance with the command made through

the remote manipulation. With this configuration, it is possible to provide a mechanism

for ensuring the safety around a learning target apparatus that is placed at a remote

location, when the learning target apparatus is remotely manipulated in order to carry

out machine learning.

Advantageous Effects of Invention
[0021] According to the present invention, it is possible to provide a mechanism for

ensuring the safety around a learning target apparatus that is placed at a remote

location, when the learning target apparatus is remotely manipulated in order to carry

out machine learning.

Brief Description of Drawings
[0022] [fig. 1]schematically shows an example of an instance in which the present invention is

applied.

[fig.2] schematically shows an example of a hardware configuration of a learning

apparatus according to an embodiment.

[fig.3] schematically shows an example of a hardware configuration of a robot arm

system according to an embodiment.

[fig.4] schematically shows an example of an operation state of the robot arm system

according to an embodiment.

[fig.5] schematically shows an example of a software configuration of the learning

apparatus according to an embodiment.

[fig.6]schematically shows an example of a software configuration of the robot arm

system according to an embodiment.

[fig.7] shows an example of a processing procedure of the learning apparatus according

to an embodiment.

[fig.8]shows an example of a processing procedure of the robot arm system according

to an embodiment.

[fig.9] schematically shows an example of a configuration of a learning apparatus

according to a modification.

[fig. 10] shows an example of a processing procedure during machine learning of the

learning apparatus according to a modification.

[fig. 11]schematically shows an example of a robot arm system according to a modi

fication.

Description of Embodiments
[0023] Hereinafter, an embodiment according to an aspect of the present invention (also



referred to as "the embodiment" below) will be described based on the drawings.

However, the embodiment described below is merely an example of the present

invention in every respect. Needless to say, various improvements and modifications

may be made without departing from the scope of the present invention. That is to say,

to implement the present invention, a specific configuration corresponding to an em

bodiment may also be employed as appropriate. For example, in the following de

scription, a robot arm system that performs a predetermined task in a factory is taken

as an example of an embodiment of a learning target apparatus for which machine

learning is to be performed. However, the object to which the present invention is to be

applied is not limited to robot arm systems, and may be selected as appropriate, as per

an embodiment. Note that, although data that is used in the embodiment is described

using natural language, more specifically, the data is defined by pseudo-language,

commands, parameters, machine language, or the like that can be recognized by a

computer.

§1 Application example

[0024] First, an example of an instance where the present invention is applied will be

described using FIG. 1. FIG. 1 schematically shows an example of an application

instance of a learning apparatus and a learning target apparatus according to the em

bodiment.

[0025] As shown in FIG. 1, a learning apparatus 1 according to the embodiment is an in

formation processing apparatus that performs machine learning to acquire a new ability

that is designated for a learning target apparatus placed at a remote location, in ac

cordance with a learning request from a client. Specifically, the learning apparatus 1

accepts, as a learning request from the client, the designation of a learning target

apparatus that is placed at a remote location and for which machine learning is to be

performed, and the designation of an ability that is to be acquired by the learning target

apparatus through machine learning. The client uses a user terminal 4 to designate the

learning target apparatus and the ability to be acquired, via a network 10.

[0026] In the embodiment, it is assumed that a robot arm system 2, which performs a prede

termined task in a factory, is designated as the learning target apparatus that is to

acquire the designated ability through machine learning of the learning apparatus 1.

Note that the ability to be acquired may be selected as appropriate, as per an em

bodiment, from among any kind of ability that the robot arm system 2 can be equipped

with. For example, the ability to be acquired may be an ability to carry out a new task,

or an ability to more efficiently carry out a task that is utilized.

[0027] The learning apparatus 1 transmits control data to the robot arm system 2, which has

been designated as the learning target apparatus, and thus remotely manipulates the

robot arm system 2 so as to execute an operation for learning associated with the



ability designated in the learning request. Next, the learning apparatus 1 collects

learning data for machine learning of the designated ability, based on the result of

remotely manipulating the robot arm system 2. The learning apparatus 1 then performs

machine learning of a learning device (later-described neural network 6) so as to

acquire the designated ability, using the collected learning data. Thus, the learning

apparatus 1 can generate a trained learning device for enabling the robot arm system 2

designated as the learning target apparatus to carry out the ability designated in the

learning request.

[0028] In this embodiment, the robot arm system 2 placed at a remote location only executes

the operation associated with the designated ability, and machine learning processing

for acquiring the designated ability is executed by the learning apparatus 1. A c

cordingly, even if machine power of the robot arm system 2 placed at a remote location

is limited, the processing for machine learning of the ability to be acquired by the robot

arm system 2 can be performed.

[0029] Accordingly, according to the embodiment it is possible to provide a technical

mechanism for accepting a learning request from a normal company (client) that does

not have highly skilled workers and a complicated system to be used in machine

learning, and carry out machine learning in accordance with the accepted learning

request. In particular, it is possible to provide a technical mechanism for appropriately

imparting a new ability to an apparatus, such as the robot arm system 2, that is placed

in a factory, warehouse, or the like at a remote location.

[0030] Note that being placed at a remote location means that the learning apparatus 1 is

physically separate from the learning target apparatus, and refers to, for example,

placement in which a person who is present on the learning apparatus side cannot see a

person who is present on the learning target apparatus side, or cannot directly hear the

voice of the person who is present on the learning target apparatus side, as in the case

where these apparatuses are partitioned by a wall or are placed in different buildings.

Also, for example, the learning target apparatus is installed in a factory of the client

who has requested the learning, the learning apparatus 1 is installed in a building of the

company that takes on the learning request, and the learning target apparatus and the

learning apparatus 1 are placed in different buildings. Accordingly, the placement of

the user terminal 4 used by the client may be selected as appropriate, as per an em

bodiment. For example, the user terminal 4 may also be placed in a local area network

that is different from that of the learning apparatus 1 and the robot arm system 2, and

may also be placed so as to be connected to the learning apparatus 1 and the robot arm

system 2 via a network such as the Internet. Also, for example, the user terminal 4 may

also be placed in the same local area network as that of the learning apparatus 1, and

may also be placed in the same local area network as that of the robot arm system 2.



Furthermore, the learning apparatus 1 may accept the learning request from the client

without using the user terminal 4, by directly receiving input.

[0031] On the other hand, the robot arm system 2 according to the embodiment is an

example of a learning target apparatus that is placed at a remote location relative to the

learning apparatus 1 for performing machine learning to acquire the ability designated

in accordance with the learning request from the client, and that is made to acquire the

designated ability through machine learning of the learning apparatus 1. The robot arm

system 2 according to the embodiment includes a robot arm 30, which performs a pre

determined task, and a robot controller (RC) 20, which controls the robot arm 30. The

robot controller may also be a PLC (programmable logic controller) or the like. Thus,

the robot arm system 2 is configured to accept, from the learning apparatus 1, a

command made through remote manipulation for making an instruction to carry out an

operation associated with the designated ability, and execute the operation associated

with the designated ability in accordance with the accepted command made through

remote manipulation. That is to say, the robot arm system 2 is configured so that the

RC 20 causes the robot arm 30 to execute the operation designated from the learning

apparatus 1.

[0032] The robot arm system 2 also includes a display 32, which performs predetermined

display. The display 32 is placed at a location that can be seen by workers in the

factory who are in the vicinity of the robot arm system 2, e.g. near the robot arm 30.

This display 32 is an example of a "display unit" of the present invention. The robot

arm system 2 according to the embodiment is configured to cause the display 32 to

display that the robot arm system 2 is operating while being remotely manipulated by

the learning apparatus 1, while executing an operation in accordance with the

command made through remote manipulation.

[0033] Thus, in the embodiment, the displayed content on the display 32 can notify workers

or the like in the factory that the robot arm system 2 is being remotely manipulated by

the learning apparatus 1. Accordingly, according to the embodiment, safety around the

robot arm system 2 can be ensured while remote manipulation is performed by the

learning apparatus 1.

[0034] Note that, in the embodiment, the robot arm system 2 includes a camera 31, which

monitors the state of a movable area of the robot arm 30. The camera 3 1 is an example

of a monitoring apparatus (shooting apparatus) for monitoring the state of the movable

area of the robot arm 30. Also, in the embodiment, not only the robot arm system 2,

but also a robot apparatus 5, which can be moved heteronomously as per an operation

made by an operator, or can move autonomously, perform tasks in the factory.

§2 Configuration example

(Hardware configuration)



(Learning apparatus)

[0035] Next, an example of a hardware configuration of the learning apparatus 1 according

to the embodiment will be described using FIG. 2. FIG. 2 schematically shows an

example of a hardware configuration of the learning apparatus 1 according to the em

bodiment.

[0036] As shown in FIG. 2, the learning apparatus 1 according to the embodiment is a

computer in which a control unit 11, a storage unit 12, a communication interface 13,

an input device 14, an output device 15, and a drive 16 are electrically connected to

each other. Note that, in FIG. 2, the communication interface is denoted as

"communication I/F".

[0037] The control unit 11 includes a CPU, a RAM (Random Access Memory), a ROM

(Read Only Memory), and the like, and is configured to execute various kinds of in

formation processing based on programs and data. The storage unit 12 is constituted by

a hard disk drive, a solid-state drive, or the like, for example, and stores a learning

program 121 to be executed by the control unit 11, learning data 122 to be used in the

learning of the learning device, ability-imparting data 123 for imparting the ability

designated by the client to the robot arm system 2, and so on.

[0038] The learning program 121 is a program for causing the learning apparatus 1 to

execute later-described machine learning processing (FIG. 7). The learning data 122 is

data to be used in machine learning of the ability designated by the client, and is

collected from the robot arm system 2 that is remotely manipulated. The ability-

imparting data 123 is data for imparting an ability acquired as a result of machine

learning to the robot arm system 2. The details will be described later.

[0039] The communication interface 13 is a wired LAN (Local Area Network) module, a

wireless LAN module, or the like, for example, and is an interface for performing

wired or wireless communication via the network 10. The learning apparatus 1 can

perform data communication with the robot arm system 2 and the user terminal 4 via

the network 10, using this communication interface 13. Note that the type of the

network 10 may be selected as appropriate from among the Internet, a wireless com

munication network, a telecommunication network, a telephone network, a dedicated

network, and the like, for example.

[0040] The input device 14 is a device for performing input, such as a mouse or a keyboard,

for example. The output device 15 is a device for performing output, such as a display

or a speaker, for example. The operator can operate the learning apparatus 1 via the

input device 14 and the output device 15.

[0041] The drive 16 is a CD drive, a DVD drive, or the like, for example, and is a drive

device for loading a program stored in a storage medium 91. The type of the drive 16

may be selected as appropriate in accordance with the type of the storage medium 91.



The learning program 121 may also be stored in this storage medium 91.

[0042] The storage medium 9 1 is a medium that accumulates information such as that of a

program by means of an electric, magnetic, optical, mechanical, or chemical effect, so

that a computer or other kind of apparatus, machine, or the like can read the recorded

information such as that of the program. The learning apparatus 1 may also acquire the

learning program 121 from this storage medium 91.

[0043] Here, FIG. 2 shows a disk-type storage medium such as a CD or DVD as an example

of the storage medium 91. However, the type of storage medium 9 1 is not limited to

the disk type, and may also be a type other than the disk type. Examples of a storage

medium of a type other than the disk type may include a semiconductor memory such

as a flash memory.

[0044] Note that, regarding the specific hardware configuration of the learning apparatus 1,

constituent elements may be omitted, replaced, and added as appropriate, as per an em

bodiment. For example, the control unit 11 may also include a plurality of processors.

The learning apparatus 1 may also be constituted by a plurality of information

processing apparatuses. The learning apparatus 1 may also be an information

processing apparatus designed exclusively for a service to be provided, as well as a

general-purpose server device, a PC (Personal Computer), or the like. To execute the

later-described machine learning processing, it is favorable that the learning apparatus

1 is configured to have higher machine power than that of the robot arm system 2.

Note that the machine power may be specified by the processing speed of a CPU, the

storage capacity of a memory, the readout speed of the memory, or the like. For

example, the learning apparatus 1 may also have higher machine power than that of the

robot arm system 2 as a result of having a CPU that operates at a higher speed than the

RC 20 in the robot arm system 2. In the case where the CPUs in the learning apparatus

1 and the RC 20 have the same processing speed, the learning apparatus 1 may also

have higher machine power than that of the robot arm system 2 as a result of the RAM

in the learning apparatus 1 having more capacity or a higher speed than the RAM in

the RC 20.

<Robot arm system>

[0045] Next, an example of a hardware configuration of the robot arm system 2 according to

the embodiment will be described, also using FIGS. 3 and 4. FIG. 3 schematically

shows an example of the hardware configuration of the RC 20 according to the em

bodiment. FIG. 4 schematically shows an example of an operation state of the robot

arm 30 according to the embodiment. As shown in FIGS. 1 and 3, the robot arm

system 2 according to the embodiment includes the RC 20, the robot arm 30, the

camera 31, and the display 32. The respective constituent elements are described

below.



(RC)

[0046] First, the RC 20 will be described. The RC 20 according to the embodiment is a

computer in which a control unit 21, a storage unit 22, external interfaces 23, and a

communication interface 24 are electrically connected to one another. The RC 20 is

thus configured to control operations of the robot arm 30, the camera 31, and the

display 32. Note that, in FIG. 3, each of the external interfaces and the communication

interface are denoted as "external I/F" and "communication I/F", respectively.

[0047] The control unit 2 1 is configured to include a CPU, a RAM, a ROM, and the like,

and execute various kinds of information processing based on programs and data. The

storage unit 22 is constituted by a RAM, a ROM, or the like, for example, and stores a

control program 221. The control program 221 is a program for causing the RC 20 to

execute later-described processing for controlling the robot arm 30 (FIG. 8). The

control unit 2 1 is configured to execute processes in later-described steps by in

terpreting and executing this control program 221.

[0048] The external interfaces 23 are interfaces for connection with external devices, and are

configured as appropriate in accordance with the external devices to be connected. In

the embodiment, the RC 20 is connected to the robot arm 30, the camera 31, and the

display 32 via the respective external interfaces 23.

[0049] The communication interface 24 is a wired LAN (Local Area Network) module, a

wireless LAN module, or the like, for example, and is an interface for wired or

wireless communication. The communication interface 24 is an example of a "comm u

nication unit" of the present invention. Using the communication interface 24, the RC

20 can communicate data with the learning apparatus 1 that is placed at a remote

location, and a peripheral device (e.g. a self-running robot apparatus 5) that is placed in

the vicinity of the robot arm system 2 in the factory.

[0050] Note that, regarding the specific hardware configuration of the RC 20, constituent

elements may be omitted, replaced, and added as appropriate, as per an embodiment.

The control unit 2 1 may also include a plurality of processors. The control unit 2 1 may

also be constituted by an FPGA. The storage unit 22 may also be constituted by the

RAM and ROM included in the control unit 21. The storage unit 22 may also be con

stituted by an auxiliary storage device such as a hard disk drive or a solid-state drive.

The RC 20 may also be an information processing apparatus designed exclusively for a

service to be provided, as well as a general-purpose desktop PC, a tablet PC, or the

like, in accordance with the control target.

(Robot arm)

[0051] Next, the robot arm 30 will be described. The robot arm 30 may be configured to be

able to execute a predetermined operation, as appropriate. In the example in FIG. 4, the

robot arm 30 includes a base portion 301, which serves as a starting point, two joint



portions 302, which serve as movable shafts, two link portions 303, which form a

frame, and an end effector 304, which is attached to a leading end.

[0052] The joint portions 302 are each configured to include a drive motor such as a servo

motor or a brushless motor, and to be able to turn or rotate a corresponding link portion

303. An angle sensor able to detect an angle, such as a rotary encoder, is attached to

each of the joint portions 302. Thus, the robot arm 30 is configured to be able to

specify the angles of the joint portions 302.

[0053] The end effector 304 is formed as appropriate in accordance with a task to be carried

out in the factory. A force sensor configured to detect a force exerted on the end

effector 304 may also be attached to this end effector 304. Thus, the robot arm 30 can

be configured to detect the force exerted on the end effector 304.

[0054] The robot arm 30 has a movable area 308, which is defined in accordance with the

joint portions 302, the link portions 303, and the end effector 304. That is to say, the

movable area 308 is an area that can be reached by the end effector 304 with the joint

portions 302 being driven. In the embodiment, an allowable area 309, in which the

robot arm 30 is allowed to operate, is set within the movable area 308. The details will

be described later.

[0055] Note that, regarding the specific configuration of the robot arm 30, constituent

elements may be omitted, replaced, and added as appropriate, as per an embodiment.

For example, the number of joint portions 302 and the number of link portions 303

may be selected as appropriate, as per an embodiment. A torque sensor may also be

attached, in addition to the angle sensor, to each joint portion 302. Thus, the joint

portions 302 can be controlled according to torque.

(Display)

[0056] In the embodiment, the display 32 is used for displaying the state of the robot arm

system 2 (robot arm 30). For this reason, the display 32 may not be particularly limited

as long as it can display the state, and may be a known liquid-crystal display, a touch

panel display, or the like.

(Camera)

[0057] In the embodiment, the camera 3 1 is placed so as to capture an image of the state of

the movable area 308 of the robot arm system 2 (robot arm 30). Thus, the state of the

movable area 308 is reflected in the image captured by the camera 31. This captured

image is an example of state information that indicates the state of the movable area

308. Note that the camera 3 1 may also be fixed at a predetermined location, or may

also be configured to be able to change its shooting direction (orientation) using a

motor or the like. The camera 31 may be a general digital camera, video camera,

360-degree camera, or the like, or may also be a camera for capturing visible light or

infrared light.



<Robot apparatus>

[0058] For example, the robot apparatus 5 includes a control unit, which is constituted by a

CPU or the like, a storage unit for storing programs and the like, a communication

interface for communicating with the RC 20, a robot arm that is similar to the robot

arm 30, a wheel module for moving heteronomously or autonomously, and so on.

Thus, the robot apparatus 5 is configured to move in the factory and perform a prede

termined task, as appropriate. Note that the type of the robot apparatus 5 is not p ar

ticularly limited. Needless to say, the robot apparatus 5 may not be a humanoid robot,

and may be selected as appropriate in accordance with tasks to be performed in the

factory.

<User terminal>

[0059] For example, the user terminal 4 is a computer in which a control unit, which is con

stituted by a CPU or the like, a storage unit for storing programs and the like, a com

munication interface for communication via a network, and an input-output device are

electrically connected to one another. The user terminal 4 is used by a client to make a

machine learning request (learning request) to a service provider that manages the

learning apparatus 1. For example, the user terminal 4 may be a desktop PC, a tablet

PC, a cellular phone including a smartphone, or the like that can connect to a network.

(Software configuration)

<Learning apparatus>

[0060] Next, an example of a software configuration of the learning apparatus 1 according to

the embodiment will be described using FIG. 5. FIG. 5 schematically shows an

example of a software configuration of the learning apparatus 1 according to the em

bodiment.

[0061] The control unit 11 in the learning apparatus 1 loads the learning program 121 stored

in the storage unit 12 to the RAM. The control unit 11 then interprets and executes the

learning program 121 loaded to the RAM, using the CPU, and controls the constituent

elements. Thus, as shown in FIG. 5, the learning apparatus 1 according to the em

bodiment is configured to be a computer that includes, as software modules, a learning

request accepting unit 110, an allowable area setting unit 111, a state acquisition unit

112, a remote manipulation unit 113, a learning data collection unit 114, a learning

processing unit 115, an ability-imparting data generation unit 116, and a distribution

unit 117.

[0062] The learning request accepting unit 110 accepts, from the client, the designation of a

learning target apparatus placed at a remote location and the designation of an ability

that the designated learning target apparatus is to acquire through machine learning, as

a learning request. In the embodiment, it is assumed that a request for machine learning

of the robot arm system 2 is accepted from the client.



[0063] The allowable area setting unit 111 sets the allowable area in which the learning

target apparatus is allowed to operate, within the movable area of the learning target

apparatus. In the embodiment, the allowable area setting unit 111 sets an allowable

area 309 within the movable area 308 of the robot arm 30.

[0064] The state acquisition unit 112 acquires state information that indicates the state of the

movable area, from a monitoring apparatus that monitors the state of the movable area

of the learning target apparatus. In the embodiment, the state acquisition unit 112

acquires, from the camera 3 1 that is placed so as to capture images of the movable area

308, an image captured by this camera 3 1 as the state information.

[0065] The remote manipulation unit 113 transmits control data to the learning target

apparatus, and thus remotely manipulates the learning target apparatus so as to execute

an operation associated with the ability designated in the learning request. The learning

data collection unit 114 collects the learning data for machine learning of the

designated ability, based on the remote manipulation result.

[0066] In the embodiment, the remote manipulation unit 113 remotely manipulates the robot

arm 30 in the robot arm system 2 by transmitting control data for making a command

that a predetermined operation be performed to the RC 20 via the network 10. At this

time, the remote manipulation unit 113 remotely manipulates the robot arm system 2

so as to operate within the designated allowable area 309, based on the captured image

acquired from the camera 31. The learning data collection unit 114 then collects the

learning data 122, in which goal data indicating a task goal to be achieved with respect

to the designated ability and sensor data obtained in the process of operation performed

until this task goal is achieved are pieces of input data, and control data transmitted to

the RC 20 in the process of operation performed until the task goal is achieved is

training data.

[0067] The learning processing unit 115 performs machine learning of the learning device so

as to acquire the designated ability, using the collected learning data. The ability-

imparting data generation unit 116 generates ability-imparting data for imparting the

designated ability to the learning target apparatus by mounting the trained learning

device for which machine learning has been completed onto the learning target

apparatus. The distribution unit 117 distributes the generated ability-imparting data to

the learning target apparatus.

[0068] In the embodiment, the learning processing unit 115 performs machine learning of

the neural network 6, using the learning data 122 collected from the robot arm system

2. The ability-imparting data generation unit 116 generates the ability-imparting data

123 for equipping the RC 20 with the trained neural network 6. The distribution unit

117 distributes the generated ability-imparting data 123 to the RC 20 via the network

10.



(Learning device)

[0069] Next, the learning device will be described. As shown in FIG. 5, the learning device

according to the embodiment is constituted by the neural network 6. The neural

network 6 is a multi-layer neural network that is to be used in so-called deep learning,

and includes an input layer 61, an intermediate layer (hidden layer) 62, and an output

layer 63 in this order from the input side.

[0070] Note that, in the example of FIG. 5, the neural network 6 includes one intermediate

layer 62, the output from the input layer 6 1 is input to the intermediate layer 62, and

the output from the intermediate layer 62 is input to the output layer 63. However, the

number of intermediate layers 62 may not be limited to one, and the neural network 6

may also include two or more intermediate layers 62.

[0071] Each of the layers 6 1 to 63 includes one or more neurons. For example, the number

of neurons in the input layer 6 1 can be set in accordance with input data to be used as

an input. The number of neurons in the intermediate layer 62 can be set as appropriate,

as per an embodiment. The number of neurons in the output layer 63 can be set in ac

cordance with control data to be output. A threshold value is set for each neuron.

Basically, the output of each neuron is determined based on whether or not the sum of

products of the input and the weight exceeds the threshold value.

[0072] Neurons in adjacent layers are connected as appropriate, and a weight (connection

weight) is set for each connection. In the example in FIG. 5, each neuron is connected

to all neurons in an adjacent layer. However, the connection of neurons may not be

limited to this example, and may be set as appropriate, as per an embodiment.

[0073] The learning processing unit 115 performs neural network learning processing to

construct the neural network 6 so as to output control data as output values upon the

goal data and sensor data included in the collected learning data 122 being input. The

ability-imparting data generation unit 116 generates the ability-imparting data 123 that

includes information indicating the configuration of the constructed neural network 6

(e.g. the number of layers of the neural network, the number of neurons in each layer,

the connection relationship between neurons, and transfer functions of the neurons),

the connection weights between neurons, and the threshold value for each neuron.

<Robot arm system>

[0074] Next, an example of a software configuration of the robot arm system 2 according to

the embodiment will be described using FIG. 6. FIG. 6 schematically shows an

example of the software configuration of the robot arm system 2 that includes the RC

20 according to the embodiment.

[0075] The control unit 2 1 in the RC 20 loads the control program 221 stored in the storage

unit 22 to the RAM. The control unit 2 1 then interprets and executes, using the CPU,

the control program 221 loaded to the RAM, and controls the constituent elements.



Thus, as shown in FIG. 6, the robot arm system 2 that includes the RC 20 according to

the embodiment is configured to be a computer that includes, as software modules, a

remote manipulation accepting unit 2 11, an operation processing unit 212, a display

control unit 213, and a notification unit 214.

[0076] The remote manipulation accepting unit 211 accepts, from the learning apparatus 1, a

command made through remote manipulation for giving an instruction to execute an

operation for learning associated with the designated ability. The operation processing

unit 212 executes an operation associated with the designated ability in accordance

with the accepted command made through remote manipulation. The display control

unit 213 causes the display 32 to display that the operation is being performed in ac

cordance with remote manipulation from the learning apparatus 1, while the operation

is being executed in accordance with the command made through remote manipulation.

The notification unit 214 notifies peripheral apparatuses (e.g. the robot apparatus 5)

that the operation is being performed in accordance with remote manipulation from the

learning apparatus 1, while the operation is being executed in accordance with the

command made through remote manipulation.

<Others>

[0077] The software modules of the learning apparatus 1 and the robot arm system 2 (RC

20) will be described in detail in a later-described operation example. Note that the em

bodiment describes an example in which all of the software modules of the learning

apparatus 1 and the RC 20 are realized by general-purpose CPUs. However, some or

all of those software modules may also be realized by one or more dedicated

processors. Regarding the software configurations of the learning apparatus 1 and the

RC 20, software modules may be omitted, replaced, and added as appropriate, as per

an embodiment.

§3 Operation example

(Learning apparatus)

[0078] Next, an operation example of the learning apparatus 1 will be described using FIG.

7. FIG. 7 is a flowchart showing an example of a processing procedure of the learning

apparatus 1 according to the embodiment. Note that the processing procedure

described below is merely an example, and each process may be modified as much as

possible. Regarding the processing procedure described below, steps may be omitted,

replaced, and added as appropriate, as per an embodiment.

[0079] (Step S101)

In step S101, the control unit 11 operates as the learning request accepting unit 110,

and accepts the learning request from the client. For example, the client operates the

user terminal 4, designates the learning target apparatus that is placed at a remote

location and for which machine learning is to be performed, and designates the ability



that the learning target apparatus is to acquire through machine learning. This learning

request may also be input by a person who was informed of the content of the request

from the client, rather than by the client himself/herself. That is to say, the content of

the request may not be input by the client himself/herself. After completing des

ignation of the learning target apparatus and the ability to be acquired, the control unit

11 advances the processing to the next step S102.

[0080] Note that, in step S101, the learning apparatus 1 acquires the information to be used

in remote manipulation of the learning target apparatus by accepting the designation of

the learning target apparatus. For example, the learning apparatus 1 acquires an IP

address or the like of the RC 20 as the information to be used in remote manipulation

of the robot arm system 2, in accordance with the robot arm system 2 having been

designated as the learning target apparatus.

[0081] The learning apparatus 1 may also accept the designation of the ability that is to be

learned through machine learning, by presenting a list of abilities that can be acquired

through machine learning to the client in accordance with the type of the learning

target apparatus. The list of abilities to be acquired through machine learning may also

be prepared in advance as a template for each learning target apparatus.

[0082] The ability to be acquired through machine learning may be selected as appropriate

from all abilities that the learning target apparatus can be equipped with. For example,

in the case where the robot arm 30 is used in a task such as transfer, attachment,

processing, removal of burrs, soldering, welding or the like of parts, an ability to carry

out this task for a new object or the like may be designated as a target of machine

learning, for example. In the case where such a task is already utilized, the ability to

more efficiently carry out this already-utilized task or the like may be designated as a

target of machine learning, for example.

[0083] Also, in step S101, the control unit 11 may also accept the input of a condition for

achievement of this ability together with the designation of the ability to be acquired

through machine learning. The condition for achievement of the ability is an additional

condition for the ability that the learning target apparatus is to acquire, and is a

temporal condition that a certain designated task is performed within a certain number

of seconds, for example.

[0084] (Step S102)

In step S102, the control unit 11 operates as the allowable area setting unit 111, and

sets the allowable area in which the learning target apparatus is allowed to operate,

within the movable area of the learning target apparatus designated in step S 101. In the

embodiment, the control unit 11 sets the allowable area 309 in which the robot arm 30

is allowed to operate, within the movable area 308 of the robot arm 30. After

completing the setting of the allowable area 309, the control unit 11 advances



processing to the next step SI03.

[0085] Note that the setting of the allowable area 309 may be performed as appropriate. For

example, the control unit 11 may accept the designation of the allowable area 309 from

the operator. In this case, the operator sets the allowable area 309 within the movable

area 308 by operating the input device 14. At this time, the learning apparatus 1

acquires a captured image from the camera 31 that captures images of the state of the

movable area 308, and outputs the acquired captured image to the output device 15.

The operator can thus designate the allowable area 309 within the output captured

image while omitting locations that are not related to the ability designated in step

S101. The allowable area 309 may also be changed in real time based on the result of

image processing performed on the captured image acquired from the camera 31. For

example, if it is determined as a result of image processing that a person or an object is

present within the movable area 308, the allowable area 309 at this point in time may

be set while excluding the portion where the person or object is present from the area.

[0086] Also, for example, the control unit 11 may also accept the designation of the

allowable area 309 from the client. In this case, the control unit 11 may also accept the

designation of the allowable area 309 together with the learning request in step S101.

Thus, the control unit 11 can set the allowable area 309 within the movable area 308

based on the input made by the client.

[0087] Also, for example, the control unit 11 may also automatically set the allowable area

309 within the movable area 308 based on the ability designated in step S101. In this

case, the control unit 11 may also specify an area that is associated with the carrying

out of the ability designated in step S101, and set the specified area as the allowable

area 309.

[0088] (Step S103)

In step S103, the control unit 11 operates as the state acquisition unit 112, and

acquires state information that indicates the state of the movable area, from the

monitoring apparatus that monitors the state of the movable area of the learning target

apparatus designated in step S101. In the embodiment, the control unit 11 accesses the

RC 20 using the information acquired in step S101, and captures an image of the state

of the movable area 308 using the camera 3 1 connected to the RC 20. Thus, the control

unit 11 can acquire the captured image that reflects the state of the movable area 308 as

the state information. After acquiring the captured image, the control unit 11 advances

the processing to the next step S104.

[0089] (Step S104)

In step S104, the control unit 11 operates as the remote manipulation unit 113,

transmits control data to the learning target apparatus, and thus remotely manipulates

the learning target apparatus so as to execute an operation associated with the ability



designated in step S101. In the embodiment, the control unit 11 transmits the control

data for making a command that a predetermined operation associated with the ability

designated in step S101 be performed to the RC 20 via the network 10. The control

data defines the amount of driving of the drive motors for the joint portions 302, for

example. As will be described later, the RC 20 drives the joint portions 302 of the

robot arm 30 based on the received control data. Thus, the control unit 11 remotely

manipulates the robot arm system 2. After remotely manipulating the robot arm system

2, the control unit 11 advances the processing to the next step S105.

[0090] The content of the operation performed through remote manipulation may be de

termined as appropriate. For example, the content of the operation performed through

remote manipulation may also be determined by the operator. For example, a plurality

of templates that define different operations of the robot arm 30 may also be prepared.

In this case, the control unit 11 may also determine the content of the operation

performed through remote manipulation by randomly selecting a template. The control

unit 11 may also determine the content of the operation performed through remote m a

nipulation so as to match the ability to be acquired that is designated in step S101,

using a method such as dynamic planning, during repeated remote manipulation. Fur

thermore, the control unit 11 may also cause the robot arm system 2 to execute a series

of operations including a plurality of steps through this remote manipulation.

[0091] Note that, in the embodiment, the allowable area 309 is set within the movable area

308 in step S102, and in step S103, the control unit 11 acquires, from the camera 31,

the captured image obtained by capturing an image of the state of the movable area

308. Then, in step S104, the control unit 11 remotely manipulates the robot arm system

2 so that the robot arm 30 operates within the set allowable area 309, based on the

captured image acquired from the camera 31. That is to say, the control unit 11

remotely manipulates the robot arm system 2 while checking whether or not the robot

arm 30 has moved outside the allowable area 309, using the captured image acquired

from the camera 31.

[0092] The control unit 11 also monitors whether or not any foreign object (e.g. a person,

object etc.) has entered the allowable area 309. For example, whether or not any

foreign object has entered the allowable area 309 can be determined through known

image processing, such as template matching. If it is determined that a foreign object

has entered the allowable area 309, the control unit 11 temporarily stops (suspends)

transmission of commands made through remote manipulation to the robot arm system

2. At this time, the control unit 11 may also transmit, to the robot arm system 2, a

command for announcing that the foreign object that has entered the allowable area

309 be removed therefrom. After the foreign object has been removed from the

allowable area 309, the control unit 11 resumes transmitting the commands made



through remote manipulation to the robot arm system 2. Thus, safety within the

allowable area 309 can be ensured.

[0093] (Step S105)

In step S105, the control unit 11 operates as the learning data collection unit 114, and

collects the learning data 122 for machine learning of the designated ability, based on

the result of remote manipulation in step S104. After collecting the learning data 122,

the control unit 11 advances the processing to the next step S106.

[0094] The content of the learning data 122 may be determined as appropriate in accordance

with the type of learning device, the type of learning target apparatus, the ability to be

acquired, and the like. In the embodiment, the neural network 6 is used as the learning

device. The robot arm system 2 is designated as the learning target apparatus. The

ability of the robot arm 30 to carry out a new task or to more efficiently carry out an

already-utilized task is designated as the ability to be acquired. It is also assumed that

the RC 20 controls operations of the robot arm 30 based on the goal to be achieved and

the sensor data from the angle sensors of the joint portions 302.

[0095] In this case, the control unit 11 creates goal data that indicates a task goal to be

achieved in accordance with the ability to be acquired that is designated in step S101.

The content of the goal data may be determined as appropriate, as per an embodiment.

For example, the goal data may specify the position, angle, moving speed, or the like

of the robot arm 30 in accordance with the goal of completing a target task within a

predetermined time. In the case of improving operations of the robot arm 30, the

control unit 11 may also determine the content of the goal data so as to improve op

erations of the robot arm 30 by acquiring a captured image obtained by capturing an

image of operations of the robot arm 30 from the camera 31 and performing image

analysis on the acquired captured image.

[0096] Next, the control unit 11 determines whether or not the robot arm system 2 has

achieved the task goal indicated by the goal data, based on the result of remote m a

nipulation in step S104. If the robot arm system 2 has achieved the task goal indicated

by the goal data, the control unit 11 acquires the control data transmitted to the RC 20

in the process of operation performed until the task goal is achieved. Furthermore, the

control unit 11 acquires, from the RC 20, sensor data detected from the angle sensors

of the joint portions 302 in the process of operation performed until the task goal is

achieved. The sensor data is an example of the state data that indicates a state of the

learning target apparatus (robot arm system 2). The sensor data may be acquired before

the robot arm 30 is driven in accordance with a command indicated by the control data.

[0097] The control unit 11 then sets the goal data, the sensor data, and the control data in a s

sociation with one another, with the control data as training data, and with the sensor

data and goal data that are obtained immediately before the operation is performed



based on the control data that is set as the training data, as input data. The control unit

11 thus collects the learning data 122 that includes the goal data and the sensor data as

the input data, and includes the control data as the training data. That is to say, in step

S105, the control unit 11 ignores the result of remote manipulation in the case where

the task goal is not achieved, and collects the learning data to be used in machine

learning of the ability from the result of remote manipulation in the case where the

designated ability is achieved.

[0098] Note that whether or not the task goal has been achieved may be determined as ap

propriate. For example, the control unit 11 may also determine whether or not the task

goal has been achieved, by acquiring a captured image in which the remote m a

nipulation result appears from the camera 31, and performing image analysis on the

acquired captured image. The remote manipulation result may also be obtained by

using the robot arm system 2 and various sensors (such as the angle sensors) provided

therearound. In this case, the control unit 11 may also determine whether or not the

task goal has been achieved, based on detection results from various sensors (such as

the angle sensors) provided in and around the robot arm system 2. If, in step S101, the

input of a condition for achievement of the ability was accepted together with the des

ignation of the ability to be acquired, the control unit 11 may also determine, as ap

propriate, whether or not this achievement condition is satisfied.

[0099] (Step S106)

In step S106, the control unit 11 determines whether or not a sufficient number of

pieces of learning data 122 has been collected. If it is determined that a sufficient

number of pieces of learning data 122 has been collected, the control unit 11 advances

the processing to the next step S107. On the other hand, if it is determined that a

sufficient number of pieces of learning data 122 has not been collected, the control unit

11 repeats the processes in steps S103 to S105.

[0100] Note that this determination may be performed using a threshold value. That is to

say, the control unit 11 may also determine whether or not a sufficient number of

pieces of learning data 122 has been collected, by comparing the number of collected

pieces of learning data 122 with the threshold value. At this time, the threshold value

may also be set by the operator, or may also be set in accordance with the ability that is

to be learned through machine learning. The method for setting the threshold value can

be selected as appropriate, as per an embodiment.

[0101] (Step S107)

In step S107, the control unit 11 transmits, to the robot arm system 2, a completion

notification indicating that remote manipulation for machine learning has been

completed. After completing transmission of the completion notification, the control

unit 11 advances the processing to the next step S108.



[0102] (Step S108)

In step S108, the control unit 11 operates as the learning processing unit 115, and

performs machine learning of the neural network 6 so as to acquire the designated

ability, using the learning data 122 collected in step S105.

[0103] Specifically, first, the control unit 11 prepares the neural network 6 for which

machine learning processing is to be performed. The configuration of the neural

network 6 to be prepared, initial values of the connection weights between neurons,

and initial values of the threshold values for the respective neurons may also be

provided by a template, or may also be provided through input made by an operator. In

the case of re-learning, the control unit 11 may also prepare the neural network 6 based

on learning result data indicating the configuration of the neural network with which

re-learning is to be performed, the connection weights between neurons, and the

threshold value for each neuron.

[0104] Next, the control unit 11 trains the neural network 6 using the goal data and sensor

data included in the learning data 122 collected in step SI05 as input data, and using

the control data as the training data. The neural network 6 may be trained using a

gradient descent method, a stochastic gradient descent method, or the like.

[0105] For example, the control unit 11 inputs the goal data and the sensor data included in

the learning data 122 to the input layer 61, and performs computation processing for

the neural network 6 in the direction of forward propagation. Thus, the control unit 11

obtains output values from the output layer 63 of the neural network 6. Next, the

control unit 11 calculates errors between the output values output from the output layer

63 and the control data included in the learning data 122. Subsequently, the control

unit 11 calculates errors in the connection weights between neurons and in the

threshold values for the respective neurons using the errors in the output values

calculated by means of an error back-propagation method. The control unit 11 updates

the values of the connection weights between neurons and the threshold values for the

respective neurons, based on the calculated errors.

[0106] The control unit 11 performs machine learning of the neural network 6 by repeating

this series of processes until the output values output from the output layer 63 match

the corresponding control data, for each piece of the learning data 122. Thus, a trained

neural network 6 can be constructed that outputs corresponding control data upon goal

data and sensor data being input. After completing machine learning of the neural

network 6, the control unit 11 advances the processing to the next step S109.

[0107] (Step S109)

In step S109, the control unit 11 operates as the ability-imparting data generation unit

116, and generates the ability-imparting data 123 for imparting the designated ability

to the robot arm system 2 by equipping the robot arm system 2 (RC 20) with the



trained neural network 6 for which machine learning has been completed. After

generating the ability-imparting data 123, the control unit 11 advances the processing

to the next step SI 10.

[0108] Note that the format of the ability-imparting data 123 may be determined as ap

propriate, as per an embodiment. For example, in the case where the RC 20 performs

computation processing using a neural network, the control unit 11 may also generate,

as the ability-imparting data 123, learning result data that indicates the configuration of

the neural network 6 constructed in step S108, the connection weights between

neurons, and the threshold values for the respective neurons. Also, for example, in the

case where the RC 20 includes an FPGA, the control unit 11 may also generate, as the

ability-imparting data 123, data that is to be written in the FPGA in order to realize,

within the FPGA, the neural network 6 constructed in step S108. Also, for example,

the control unit 11 may also generate, as the ability-imparting data 123, a program or

patch data for correcting a program so as to cause the RC 20 to execute computation

processing using the neural network 6 constructed in step S108. The ability-imparting

data 123 of the aforementioned formats may also be automatically generated using any

known automatic program generation method or the like.

[0109] (Step SI 10)

In step SI 10, the control unit 11 operates as the distribution unit 117, and distributes

the ability-imparting data 123 generated in step S109 to the robot arm system 2 via the

network 10. The RC 20 can acquire the ability designated in step SlOl by installing the

received ability-imparting data 123. After completing the distribution of the ability-

imparting data 123, the control unit 11 ends the processing in this operation example.

(Robot arm system)

[01 10] Next, an operation example of the robot arm system 2 will be described using FIG. 8.

FIG. 8 is a flowchart showing an example of a processing procedure of the robot arm

system 2 according to the embodiment. Note that the processing procedure described

below is merely an example, and each process may be modified as much as possible.

Regarding the processing procedure described below, steps may be omitted, replaced,

and added as appropriate, as per an embodiment.

[0111] (Step S201)

In step S201, the control unit 2 1 in the RC 20 operates as the remote manipulation

accepting unit 211, and accepts, from the learning apparatus 1, a command made

through remote manipulation for making an instruction to execute an operation a s

sociated with the designated ability. This step S201 is an example of an "accepting

step" of the present invention. Specifically, the control unit 2 1 accepts, from the

learning apparatus 1, a command made through remote manipulation based on control

data in step S104. At this time, the control unit 2 1 may also receive a plurality of



pieces of control data that make instructions to execute a plurality of operations. After

receiving the control data, the control unit 2 1 advances the processing to the next step

S202.

[0112] (In step S202)

In step S202, the control unit 2 1 operates as the operation processing unit 212, and

executes the operation associated with the designated ability in accordance with the

command made through remote manipulation accepted in step S201. This step S202 is

an example of an "execution step" of the present invention. In the embodiment, the

control unit 2 1 causes the robot arm 30 to execute an operation corresponding to the

command made through remote manipulation, by driving the drive motors of the joint

portions 302 based on the control data. While the robot arm 30 is executing the

operation in accordance with the command made through remote manipulation in step

S202, the control unit 2 1 executes the next steps S203 and S204.

[0113] Note that the learning apparatus 1 monitors whether or not a foreign object has

entered the allowable area 309. If it is determined that a foreign object has entered the

allowable area 309, the learning apparatus 1 temporarily stops carrying out remote m a

nipulation. At this time, the control unit 2 1 may also cause the display 32 to display an

announcement to remove the foreign object that has entered, from the allowable area

309. If the RC 20 is connected to a speaker (not shown), this announcement may also

be output from the speaker. The control unit 2 1 may also carry out this announcement

in accordance with a command from the learning apparatus 1.

[0114] (Step S203)

In step S203, the control unit 2 1 operates as the display control unit 213, and causes

the display 32 to display that the operation is being performed in accordance with

remote manipulation from the learning apparatus 1. This step S203 is an example of a

"display step" of the present invention. After completing display control for the display

32, the control unit 2 1 advances the processing to the next step S204.

[0115] Here, the content to be displayed on the display 32 may not be particularly limited as

long as the content is associated with the fact that the operation is being performed in

accordance with remote manipulation from the learning apparatus 1. For example, the

control unit 2 1 may also display "operation in progress in accordance with remote m a

nipulation" or "learning in progress in accordance with remote manipulation" on the

display 32. Also, for example, the control unit 2 1 may also cause the display 32 to

display the content of the operation executed in accordance with remote manipulation

from the learning apparatus 1, by referencing the control data.

[0116] Also, for example, if a plurality of pieces of control data are received in step S201,

the control unit 2 1 may also cause the display 32 to display the content of the operation

that is to be executed next after the operation that is being executed in step S202. At



this time, the control unit 2 1 may also cause the display 32 to display the content of the

operation that is being executed together with the content of the operation to be

executed next.

[01 17] Also, for example, if the operation that is being executed in step S202 is a dangerous

operation or an operation executed at a higher speed than usual, the control unit 2 1

may also cause the display 32 to display that the operation that is being executed is a

dangerous operation or an operation executed at a high speed. The display content to

indicate that the operation that is being executed is a dangerous operation may be de

termined as appropriate, as per an embodiment. For example, the control unit 2 1 may

also display "dangerous operation in progress" or "high-speed operation in progress"

on the display 32. Also, for example, the control unit 2 1 may also cause the display 32

to display a message for prompting people around the robot arm 30 to be careful, as the

display content to indicate that the operation that is being executed is a dangerous

operation.

[0118] Note that the method for determining whether or not the operation that is being

executed is a dangerous operation may be selected as appropriate, as per an em

bodiment. For example, the control unit 2 1 may also determine whether or not the

operation that is being executed in step S202 is a dangerous operation, based on

conditions that define dangerous operations. Also, for example, information indicating

that a target operation is dangerous may be included in the control data. In this case,

the control unit 2 1 can determine whether or not the operation that is being executed in

step S202 is a dangerous operation, by referencing the control data received in step

S201.

[0119] (Step S204)

In step S204, the control unit 2 1 operates as the notification unit 214, and notifies p e

ripheral apparatuses (e.g. the robot apparatus 5) that the operation is being performed

in accordance with remote manipulation from the learning apparatus 1, by controlling

the communication interface 24. This step S204 is an example of a "notification step"

of the present invention. After completing this notification, the control unit 2 1

advances the processing to the next step S205.

[0120] Note that the peripheral apparatuses that have received this notification can recognize

that the robot arm system 2 is being remotely manipulated by the learning apparatus 1.

Thus, the peripheral apparatuses can be configured not to inhibit the operation of the

robot arm 30 performed through remote manipulation. For example, the robot

apparatus 5, which is configured to be able to move in the factory, can be configured

not to approach an area near the robot arm 30 (particularly the movable area 308 or the

allowable area 309) in response to receiving the notification. That is to say, in order

not to inhibit the operation of the robot arm 30 performed through remote ma-



nipulation, it is possible to set a movement limit in accordance with remote m a

nipulation in progress, and cause the robot apparatus 5 to move while avoiding an area

near the robot arm 30.

[0121] (Step S205)

In step S205, the control unit 2 1 determines whether or not remote manipulation

from the learning apparatus 1 has been completed. In the embodiment, upon remote

manipulation being completed, the completion notification is transmitted from the

learning apparatus 1 in the above-described step SI07. Therefore, the control unit 2 1

determines whether or not remote manipulation from the learning apparatus 1 has been

completed, based on whether or not the completion notification has been received. If it

is determined that remote manipulation has been completed, i.e. after remote m a

nipulation from the learning apparatus 1 has been completed, the control unit 2 1

advances the processing to the next step S206. On the other hand, if it is determined

that remote manipulation has not been completed, the control unit 2 1 repeats the

processing in steps S201 to S204.

[0122] (Step S206)

In step S206, the control unit 2 1 operates as the display control unit 213, and causes

the display 32 to display that the operation executed in accordance with remote m a

nipulation from the learning apparatus 1 has been completed. This step S206 is an

example of a "completion display step" of the present invention. The content to be

displayed on the display 32 may not be particularly limited as long as the content is a s

sociated with the fact that the operation executed in accordance with remote m a

nipulation from the learning apparatus 1 has been completed. For example, the control

unit 2 1 may display "remote manipulation ended" or "operation according to remote

manipulation completed" on the display 32. Thus, workers around the robot arm

system 2 can be notified that the operation executed in accordance with remote m a

nipulation from the learning apparatus 1 has been completed, and that the robot arm 30

will not suddenly move. After completing this completion display, the control unit 2 1

advances the processing to the next step S207.

[0123] (Step S207)

In step S207, the control unit 2 1 operates as the notification unit 214, and notifies p e

ripheral apparatuses (e.g. the robot apparatus 5) that the operation executed in ac

cordance with remote manipulation from the learning apparatus 1 has been completed,

by controlling the communication interface 24. This step S207 is an example of a

"completion notification step" of the present invention. After completing the noti

fication, the control unit 2 1 ends the processing in this operation example.

[0124] Note that peripheral apparatuses that have received this notification can recognize

that remote manipulation of the robot arm system 2 from the learning apparatus 1 has



been completed. As a result, for example, the robot apparatus 5, which is configured to

be able to move in the factory, can also be allowed to approach an area near the robot

arm 30 (particularly the allowable area 309) when the robot arm 30 is not operating.

That is to say, it is possible to cancel the movement limit in accordance with remote

manipulation in progress, and allow the robot apparatus 5 to pass through the area near

the robot arm 30.

(Effects)

[0125] As described above, in step S101, the learning apparatus 1 according to the em

bodiment accepts the designation of a learning target apparatus for which machine

learning is to be performed and an ability that the learning target apparatus is to

acquire, as a learning request from a client. In steps SI04 and S105, the learning

apparatus 1 remotely manipulates the learning target apparatus (the robot arm system

2), thereby collecting the learning data 122 to be used in machine learning of the

ability designated in the learning request. Furthermore, in step S108, the learning

apparatus 1 carries out machine learning of the neural network 6 so as to acquire the

ability designated in the learning request, using the learning data 122 collected. Thus, a

trained neural network 6 for causing the learning target apparatus to carry out the

ability designated in the learning request can be constructed. The learning target

apparatus (robot arm system 2) placed at a remote location only executes, through

steps S201 and S202, an operation associated with the ability designated in step S101,

and the machine learning processing in step S108 is executed by the learning apparatus

1. For this reason, the processing for machine learning of the ability to be acquired by

the learning target apparatus can be performed even if the machine power of the

learning target apparatus placed at a remote location is limited. Accordingly, the em

bodiment can provide a technical mechanism for appropriately imparting a new ability

to an apparatus placed at a remote location.

[0126] While the robot arm system 2 according to the embodiment is operating in ac

cordance with the command made through remote manipulation from the learning

apparatus 1, in step S203, the robot arm system 2 displays that the operation is being

executed in accordance with remote manipulation from the learning apparatus 1, on the

display 32. In the embodiment, operators around the robot arm system 2 can be

notified that the robot arm 30 is being remotely manipulated, through this display on

the display 32. Thus, the safety around the robot arm 30 can be ensured. Accordingly,

the embodiment can provide a mechanism for ensuring the safety around the learning

target apparatus when the learning target apparatus placed at a remote location is

remotely manipulated.

[0127] Note that, in step S203, the control unit 2 1 may also display, on the display 32, the

content of the operation executed in accordance with remote manipulation from the



learning apparatus 1. By employing this display, operators around the robot arm

system 2 can be notified of the content of the operation executed in accordance with

remote manipulation, thereby being able to increase the safety around the robot arm

system 2.

[0128] In step S203, the control unit 2 1 may also display, on the display 32, the content of

an operation to be executed subsequently to the operation that is being executed due to

step S202. By employing this display, operators around the robot arm system 2 can be

notified, in advance, of the content of the operation of the robot arm 30. Thus, the

safety around the robot arm system 2 can be increased.

[0129] If the operation that is being executed due to step S202 is a dangerous operation, in

step S203, the control unit 2 1 may also display, on the display 32, that the operation

that is being executed is a dangerous operation. By employing this display, operators

around the robot arm system 2 can be notified that they may be in danger, thereby

being able to increase the safety around the robot arm system 2.

§4 Modifications

[0130] Although the embodiment of the present invention has been described above in

detail, the above descriptions are merely examples of the present invention in all

aspects. Needless to say, various improvements and modifications may be made

without departing from the scope of the present invention. For example, the following

modifications are possible. Note that, in the following description, the same constituent

elements as the constituent elements described in the above embodiment are assigned

the same signs, and descriptions of the same points as the points described in the above

embodiment are omitted as appropriate. The following modifications may be combined

as appropriate.

[0131] <4.1>

The above embodiment has described the robot arm system 2 as an example of the

learning target apparatus. However, the type of learning target apparatus may not be

limited to this example, and may be selected as appropriate, as per an embodiment.

[0132] For example, the learning target apparatus may also be a working robot, such as the

robot apparatus 5, that moves in a warehouse and performs a task such as trans

portation of luggage. In this case, in the learning request, a procedure for efficiently

transporting luggage in the warehouse can be designated as the ability to be acquired.

An area in which the working robot can move is the movable area, and the area in

which the working robot is to move can be limited by setting the allowable area.

[0133] For example, the learning target apparatus may also be a vehicle capable of au

tonomous driving. In this case, a client can designate, in the learning request, au

tonomous driving on a road as the ability that the vehicle is to acquire, using a test

course or the like. The client can also designate, for example, autonomous parking,



which is one function performed during autonomous driving operations, as the ability

that the vehicle is to acquire. In this case, to set the movable area, one of or both a

camera for capturing images of the outside of the vehicle and a laser or the like for

detecting an object outside the vehicle can be used. Note that a display unit, such as a

display, for displaying that an operation is being performed in accordance with remote

manipulation may also be attached to an outer portion of the vehicle, or may be placed

at a predetermined location in the test course.

[0134] A plurality of apparatuses, rather than one apparatus, may also be designated as the

learning target apparatuses. For example, the robot arm system 2 may also include a

plurality of robot arms 30. In this case, in the learning request, a task that is to be

performed by the plurality of apparatuses in cooperation with each other can be

designated as the ability to be acquired.

[0135] <4.2>

In the embodiment, a general, forward-propagation multi-layer neural network is

used as the neural network 6, as shown in FIG. 5. However, the type of the neural

network 6 may not be limited to this example, and may be selected as appropriate, as

per an embodiment. For example, in the case of using images as input data, the neural

network 6 may also be a convolutional neural network that includes a convolutional

layer and a pooling layer. Also, for example, in the case of using time-series data as

input data, the neural network 6 may also be a recurrent neural network having con

nections that recur from the output side to the input side, e.g. from the intermediate

layer to the input layer. Note that the number of layers of the neural network 6, the

number of neurons in each layer, the connection relationship between neurons, and

transfer functions for neurons may be determined as appropriate, as per an em

bodiment.

[0136] <4.3>

In the embodiment, the learning device is constituted by a neural network. However,

the type of learning device may not be limited to a neural network, and may be

selected as appropriate, as per an embodiment. For example, the learning device may

also be a support vector machine, a self-organizing map, a learning device that is

trained by means of reinforcement learning, or the like. In the case of performing

machine learning by means of reinforcement learning, the machine learning process in

step S108 may also be carried out while carrying out remote manipulation in step

S104.

[0137] <4.4>

In the embodiment, the camera 3 1 will be described as an example of the monitoring

apparatus for monitoring the state of the movable area 308. However, the type of

monitoring apparatus may not be limited to a shooting apparatus, and may be selected



as appropriate, as per an embodiment. For example, the monitoring apparatus may also

be a position detection system that is constituted by one or more infrared sensors and

detects an operating position of the learning target apparatus (in the embodiment, the

position of the robot arm 30). In this case, in step S103, the learning apparatus 1 can

acquire information indicating the detection result from the position detection system

as state information.

[0138] In the above embodiments, the camera 3 1 is connected to the RC 20. For this reason,

the learning apparatus 1 can acquire a captured image from the camera 31 via the RC

20, using information (e.g. IP address) to be used in remote manipulation of the

learning target apparatus designated in step S101. However, the method by which the

learning apparatus 1 acquires the state information may not be limited to this example,

and may be selected as appropriate, as per an embodiment. For example, if the camera

3 1 can connect to the network 10, the learning apparatus 1 may also acquire in

formation (e.g. IP address) to be used in accessing the camera 31, similar to the

learning target apparatus, in step S101.

[0139] Note that, if the movable area 308 of the robot arm system 2 does not need to be

monitored, steps S102 and S103 may also be omitted in the processing procedure of

the learning apparatus 1. In addition, in the software configuration of the learning

apparatus 1, the allowable area setting unit 111 and the state acquisition unit 112 may

also be omitted. Also, if the allowable area 309 does not need to be monitored, a series

of processes from temporarily stopping remote manipulation until resumption may also

be omitted in the processing procedure of the learning apparatus 1.

[0140] <4.5>

In step S109, the learning apparatus 1 according to the embodiment generates the

ability-imparting data 123. Then, in step SI 10, the learning apparatus 1 distributes the

ability-imparting data 123 to the robot arm system 2, which is the learning target

apparatus. However, the method for generating and distributing the ability-imparting

data 123 may not be limited to this example, and may be selected as appropriate, as per

an embodiment.

[0141] For example, the ability-imparting data 123 may be generated by another information

processing apparatus or the operator. In this case, step SI09 may also be omitted in the

processing procedure of the learning apparatus 1. In addition, in the software con

figuration of the learning apparatus 1, the ability-imparting data generation unit 116

may also be omitted.

[0142] For example, the ability-imparting data 123 may also be stored in a storage medium

such as a CD drive, a DVD drive, or a flash memory. The storage medium that stores

the ability-imparting data 123 may also be distributed to the client. In this case, step

SI 10 may also be omitted in the processing procedure of the learning apparatus 1. In



addition, the distribution unit 117 may also be omitted in the software configuration of

the learning apparatus 1.

[0143] Note that, if the ability-imparting data 123 is thus distributed using a storage

medium, the client reads out, as appropriate, the ability-imparting data 123 from the

received storage medium, and installs the ability-imparting data 123 loaded to the RC

20 in the robot arm system 2. Thus, the ability-imparting data 123 can be applied to the

robot arm system 2.

[0144] <4.6>

In the embodiment, the learning apparatus 1 is constituted by one computer.

However, the learning apparatus 1 may also be constituted by a plurality of computers.

In this case, each computer may be equipped with some software modules of the

learning apparatus 1. For example, only the learning data collection unit 114 may be

mounted in one computer. When carrying out machine learning, the computer on

which the learning data collection unit 114 is mounted may also be lent to the client.

Thus, real-time properties in processing for collecting the learning data 122 in step

S104 can be improved.

[0145] <4.7>

In step S101, the control unit 11 may further accept, as the learning request, the de s

ignation of a password that is set for the learning target apparatus (the robot arm

system 2) to allow remote manipulation thereof. In this case, in step S104, the control

unit 11 may also remotely manipulate the robot arm system 2 after being authenticated

by the robot arm system 2 with the designated password. Thus, the security when

remotely manipulating the robot arm system 2 can be improved.

[0146] <4.8>

In step S101, the control unit 11 may further accept, as the learning request, the de s

ignation of a time period in which remote manipulation of the learning target apparatus

(the robot arm system 2) is allowed. In this case, the control unit 11 may also execute

step S104 (remote manipulation of the robot arm system 2) only during the designated

time period. Thus, for example, the learning data 122 to be used in machine learning of

the robot arm system 2 can be collected during a time period at night or early morning

in which the robot arm system 2 is not used. Thus, the efficiency in using the robot arm

system 2 can be improved.

[0147] <4.9>

In step S101, the control unit 11 may further accept, as the learning request, the de s

ignation of a learning period in which remote manipulation of the learning target

apparatus (the robot arm system 2) is allowed. In this case, the control unit 11 may also

execute step S104 (remote manipulation of the robot arm system 2) during the

designated learning period, and delete information (e.g. IP address) that was used in



remote manipulation of the robot arm system 2, after the designated learning period

has passed.

[0148] <4.10>

In the embodiment, after accepting the learning request in step S101, the learning

apparatus 1 executes a series of processes until the neural network 6 that has acquired

the ability designated in the accepted learning request through machine learning is con

structed in step S108. However, the mode of processing the learning request performed

by the learning apparatus 1 may not be limited to this example. For example, the

learning apparatus 1 may also be configured to able to accept cancellation of the

learning request.

[0149] FIG. 9 schematically shows an example of a software configuration of a learning

apparatus 1A according to a modification. As shown in FIG. 9, the learning apparatus

1A according to this modification is configured to be a computer that further includes a

cancellation accepting unit 118 for accepting cancellation of the learning request, and a

data deletion unit 119 for deleting, if cancellation of the learning request is accepted,

information associated with the learning request, including the learning data that has

been collected until the cancellation of the learning request is accepted and information

that has been used in remote manipulation of the learning target apparatus, by

executing the learning program 121 using the control unit 11. Note that the learning

apparatus 1A is configured similar to the learning apparatus 1 except for this point.

[0150] Next, an example of a processing procedure of the learning apparatus 1A according

to the modification will be described using FIG. 10. FIG. 10 shows an example of a

processing procedure associated with accepting cancellation of the learning request

while the processes in steps S102 to S108 are being executed. After accepting the

learning request in step S101, the control unit 11 in the learning apparatus 1A starts the

process in step S102, and also starts the process in the following step S301.

[0151] (Step S301)

In step S301, the control unit 11 operates as the cancellation accepting unit 118, and

accepts cancellation of the learning request. The client who desires cancellation of the

learning request operates the user terminal 4 to make a request to cancel the learning

request made in step S101, to the learning apparatus 1A. In the case of accepting the

cancellation of the learning request before starting the process in step S108, the control

unit 11 advances the processing to the next step S302. On the other hand, in the case of

not accepting the cancellation of the learning request before starting the process in step

S108, the control unit 11 omits the processing in the following step S302, and ends

processing associated with the cancellation of the learning request.

[0152] (Step S302)

In step S302, the control unit 11 operates as the data deletion unit 119, and deletes in-



formation associated with the learning request including the learning data 122 that has

been collected in step S105 until the cancellation of the learning request is accepted

and information (e.g. IP address) that was used in remote manipulation of the robot

arm system 2. The information associated with the learning request includes in

formation that was used in remote manipulation of the robot arm system 2, as well as

information indicating the content of the learning request designated in step S101, for

example. After completing deletion of the information associated with the learning

request, the control unit 11 ends processing for canceling the learning request.

According to this modification, a request for machine learning that is no longer

necessary can be canceled, and thus, the efficiency of resources in the learning

apparatus can be increased.

[0153] <4.11>

In the embodiment, in step S206, the control unit 2 1 causes the display 32 to display

that remote manipulation has been completed. However, the processing in step S206

may also be omitted in the processing procedure of the robot arm system 2.

[0154] In the embodiment, in steps S204 and S207, the control unit 2 1 notifies peripheral

apparatuses of the state of the robot arm system 2. However, at least one of these steps

S204 and S207 may also be omitted in the processing procedure of the robot arm

system 2. In the case of omitting both steps S204 and S207, the notification unit 214

may also be omitted in the software configuration of the robot arm system 2.

[0155] Note that the processing order between steps S203 and S204 may also be reversed.

Similarly, the processing order between steps S206 and S207 may also be reversed.

[0156] <4.12>

In the embodiment, the display 32 is used as the display unit for displaying the state

of the robot arm system 2. However, the type of the display unit may not be limited to

a display, and may be selected as appropriate, as per an embodiment. For example, as

shown in FIG. 11, an indicator lamp may also be used as the display unit.

[0157] FIG. 11 schematically shows an example of a configuration of a robot arm system 2B

according to this modification. In the robot arm system 2B, the RC 20 is connected to

an indicator lamp 33 via an external interface 23. For example, the indicator lamp 33

may also be an LED (light emitting diode) lamp, a neon lamp, or the like.

[0158] In this case, in step S203, the control unit 2 1 may also cause the indicator lamp 33 to

indicate that an operation is being executed in accordance with remote manipulation

from the learning apparatus 1, by causing the indicator lamp 33 to emit light in a first

display mode. Then, in step S206, the control unit 2 1 may also cause the indicator

lamp 33 to indicate that the operation executed in accordance with remote m a

nipulation from the learning apparatus 1 has been completed, by causing the indicator

lamp 33 to emit light in a second display mode that is different from the first display



mode.

[0159] Note that the display mode is determined based on an element that affects the visual

sense of a person who sees the indicator light 33, such as color or blinking speed. For

example, in step S203, the control unit 2 1 may also cause the indicator lamp 33 to emit

red light as the first display mode. In step S206, the control unit 2 1 may also cause the

indicator lamp 33 to emit blue light as the second display mode. Thus, a display unit

for displaying the state of the learning target apparatus can be configured cheaply.

[0160] <4. 13>

In the above embodiment, in step S105, the control unit 11 generates the learning

data 122 by combining the sensor data, the goal data, and the control data into a set. Of

these data, the sensor data is an example of state data that indicates a state of the

learning target apparatus. However, the type of state data may not be limited to the

sensor data, and may be selected as appropriate, as per an embodiment. If the state data

is not required when controlling operations of the learning target apparatus, this state

data may also be omitted from the learning data. In the above embodiment, in step

S105, the control unit 11 may also generate the learning data 122 by combining the

goal data and the control data into a set.

Reference Signs List
[0161] 1,1A Learning apparatus

11 Control unit

12 Storage unit

13 Communication interface

14 Input device

15 Output device

16 Drive

110 Learning request accepting unit

111 Allowable area setting unit

112 State acquisition unit

113 Remote manipulation unit

114 Learning data collection unit

115 Learning processing unit

116 Ability-imparting data generation unit

117 Distribution unit

118 Cancellation accepting unit

119 Data deletion unit

121 Learning program

122 Learning data



123 Ability-imparting data

Robot arm system

0 RC

2 1 Control unit

22 Storage unit

23 External interface

24 Communication interface

211 Remote manipulation accepting unit

212 Operation processing unit

213 Display control unit

214 Notification unit

2 1 Control program

30 Robot arm

301 Base portion

302 Joint portion

303 Link portion

304 End effector

308 Movable area

309 Allowable area

3 1 Camera

32 Display

4 User terminal

5 Robot apparatus

6 Neural network

6 1 Input layer

62 Intermediate layer (hidden layer)

63 Output layer
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Claims
A learning target apparatus that is placed at a location remote from a

learning apparatus for performing machine learning for acquiring a

designated ability in accordance with a learning request from a client,

the learning target apparatus being caused to acquire the designated

ability through the machine learning of the learning apparatus,

comprising:

a display unit; and

a control unit,

wherein the control unit is configured to execute:

an accepting step of accepting, from the learning apparatus, a command

made through remote manipulation that instructs the learning target

apparatus to execute an operation associated with the designated

ability;

an execution step of executing the operation associated with the

designated ability in accordance with the accepted command made

through the remote manipulation; and

a display step of causing the display unit to display that an operation is

being executed in accordance with the remote operation from the

learning apparatus, while the operation is being executed in accordance

with the command made through the remote manipulation.

The learning target apparatus according to claim 1, further comprising:

a communication unit configured to communicate with a peripheral

apparatus placed around the learning target apparatus,

wherein the control unit is configured to further execute a notification

step of notifying, using the communication unit, the peripheral

apparatus that the operation is being executed in accordance with the

remote manipulation from the learning apparatus, while the operation is

being executed in accordance with the command made through the

remote manipulation.

The learning target apparatus according to claim 2,

wherein the control unit is configured to further execute a completion

notification step of notifying, using the communication unit, the p e

ripheral apparatus that the operation executed in accordance with the

remote manipulation is completed, after the remote manipulation from

the learning apparatus is completed.

The learning target apparatus according to any one of claims 1 to 3,
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wherein the control unit is configured to further execute a completion

display step of causing the display unit to display that the operation

executed in accordance with the remote manipulation is completed,

after the remote manipulation from the learning apparatus is completed.

[Claim 5] The learning target apparatus according to any one of claims 1 to 4,

wherein the display unit is a display, and

in the display step, the control unit causes the display to display content

of the operation executed in accordance with the remote manipulation

from the learning apparatus.

[Claim 6] The learning target apparatus according to claim 5,

wherein, in the accepting step, the control unit accepts the command

that instructs the learning target apparatus to execute a plurality of op

erations, and

in the display step, the control unit causes the display to display content

of an operation to be executed subsequently to the operation that is

being executed due to the execution step.

[Claim 7] The learning target apparatus according to claim 5 or 6,

wherein, if an operation that is being executed is a dangerous operation,

in the display step, the control unit causes the display to display that the

operation that is being executed is a dangerous operation.

[Claim 8] The learning target apparatus according to claim 4,

wherein the display unit is an indicator lamp, and

in the display step, the control unit causes the indicator lamp to indicate

that the operation is being executed in accordance with the remote m a

nipulation from the learning apparatus, by causing the indicator lamp to

emit light in a first display mode, and

in the completion display step, the control unit causes the indicator

lamp to indicate that the operation executed in accordance with the

remote manipulation is completed, by causing the indicator lamp to

emit light in a second display mode that is different from the first

display mode.

[Claim 9] An operation method for a learning target apparatus that is placed at a

location remote from a learning apparatus for performing machine

learning for acquiring a designated ability in accordance with a learning

request from a client, the learning target apparatus being caused to

acquire the designated ability through machine learning of the learning

apparatus and including a display unit, the method comprising:

an accepting step of accepting, from the learning apparatus, a command
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made through remote manipulation that instructs the learning target

apparatus to execute an operation associated with the designated

ability;

an execution step of executing the operation associated with the

designated ability in accordance with the accepted command made

through the remote manipulation; and

a display step of causing the display unit to display that an operation is

being executed in accordance with the remote operation from the

learning apparatus, while the operation is being executed in accordance

with the command made through the remote manipulation.
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