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OPERATION COMMAND GENERATION DEVICE, OPERATION COMMAND

GENERATION METHOD, COMPUTER PROGRAM, AND PROCESS SYSTEM

DESCRIPTION

BACKGROUND OF THE INVENTION

Field of the Invention
The present invention relates to an operation command
generation device, an operation command generation method, a

computer program, and a process system.

Description of the Related Art

In the fields of biochemistry and biotechnology, a work
procedure and conditions of the operations to be carried out on
a process subject, such as a series of inspections, cultivation,
and amplification (hereinafter, these operations are
collectively referred to as "experiment"), are commonly referred
to as aprotocol. Aprotocol is the information required in order
to obtain a result that i1s reproducible for an experiment or to

verify the experiment result.

SUMMARY OF THE INVENTION

It is an object of the present invention to automatically
generate an operation command for causing a robot to perform an
experiment based on a protocol.
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According to one aspect of the present invention, there
is provided an operation command generation device including:
an execution order determination unit configured to determine,
basedonrespectivearrangement positionsofapluralityofprocess
symbols each representing a process for a process subject on a
protocol chart including the plurality of process symbols, an
execution order of the plurality of process symbols; and a process
symbol conversion unit configured to respectively convert the
plurality of process symbols into jobs for a process system
including at least a robot so that processes represented by the
plurality of process symbols are executed in the execution order
determined by the execution order determination unit.

Further, in the operation command generation device
according to the one aspect of the present invention, the protocol
chart may further include an initial symbol with which at least
one process symbol is associated, the initial symbol representing
a container for the process subject, and the operation command
generationdevicemay further includean initial symbol conversion
unit configured to convert the initial symbol into a job of
preparing the container for containing the process subject.

Further, according tothe one aspect of the present invention,
the operation command generation device may further include a
process symbol position specification unit configured to specify.
at least two process symbols equal toeachother in the arrangement
position in a first direction out of the plurality of process
symbols, and the execution order determinationunit may be further
configured to determine an execution order of the at least two
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process symbols specified by the process symbol position
specification unit based on the arrangement positions of the at
least two process symbols in a second direction intersecting the
first direction.

Further, in the operation command generation device
according to the one aspect of the present invention, the protocol
chart may further include an initial symbol with which at least
one process symbol is associated, the initial symbol representing
a container for the process subject, the operation command
generation device may further include a number-of-containers
extraction unit configured to extract a number of containers
associated with the initial symbol based on the protocol chart,
and the process symbol convexrsion unit may be further configured
to convert the process symbol associated with the initial symbol
into as many jobs as the number of containers extracted by the
numper-of-containers extraction unit.

Further, in the operation command generation device
according to the one aspect of the present invention, the protocol
chartmay furtherinclude atransfer symbol representingatransfer
process of transferring the process subject froma first container
to a second container, and the operation command generationdevice
may further include a transfer symbol conversion unit configured
to convert the transfer symbol into a job of transferring the
process subject from the first container to the second container.

Further, according tothe one aspect of the present invention,
the operation command generation device may further include a
transfer rule setting unit configured to set a first transfer
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rule when a number of the first containers and a number of the
second containers are equal to each other, and the transfer symbol
conversion unit may be further configured to convert, based on
the first transferrule, the transfer symbol intoa job of repeating
a process of transferring the process subject from the first
container to the second container in a one-to-one manner as many
times as the number of the first containers.

Further, according to the one aspect of the present invention,
the operation command generation device may further include a
transfer rule setting unit configured to set a second transfer
rule a number of the first containers is at least two and a number
of the second containers isone, andthe transfer symbol conversion
unit may be further configured to convert, based on the second
transfer rule, the transfer symbol intoa jobof repeating a process
of transferring the process subject from the first container to
the second container for all the first containers.

Further, according totheoneaspect of the present invention,
the operation command generation device may further include a
transfer rule setting unit configured to set a third transfer
rule when a number of the first containers is one and a number
of the second containers is at least two, and the transfer symbol
conversion unit may be further configured to convert, based on
thethirdtransfer rule, thetransfer symbol intoa jobof repeating
a process of transferring the process subject from the first
container to the second container for all the second containers.

Further, according totheoneaspect of the present invention,
the operation command generation device may further include a
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transfer rule setting unit configured to set a fourth transfer
rule when a number of the first containers is at least two and
a number of the second containers is at least two, and the transfer
symbol conversionunit maybe further configured to convert, based
on the fourth transfer rule, the transfer symbol into a job of
repeating a process of transferring the process subject from the
first container to an intermediate container for all the first
containers, and then repeating a process of transferring the
process subject from the intermediate container to the second
container for all the second containers.

Further, according tothecne aspect of the present invention,
the operation command generation device may further include a
transfer rule setting unit configured to set a fifth transfer
rule when a number of the first containers is at least two, a
number of the second containers is at least two, and the number
of the second containers is n times as many as the number of the
first containers, where n is én integer, and the transfer symbol
conversion unit mayvbe further configured to convert, based on
thefifthtransferrule,thetransfersymbolintoajobofrepeating
a process of transferring the process subject from a single first
container to n second containers for all the first containers
and all the second containers.

Further, according totheoneaspect of the present invention,
the operation command generation device may further include a
transfer rule setting unit configured to set a sixth transfer
rule when a number of the first containers is at least two, a
number of the second containers is at least two, and the number
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of the first containers is n times as many as the number of the
second containers, where n is an integer, and the transfer symbol
conversion unit may be further configured to convert, based on
the sixthtransfer rule, the transfer symbol intoca job of repeating
a process of transferring the process subject from n first
containers to a single second container for all the first
containers and all the second containers.

Further, according totheone aspect of thepresent invention,
the operation command generation device may further include a
transfer rule setting unit configured to set a seventh transfer
rule when a number of the first containers is at least two and
a number of the second containers is at least two, and the transfer
symbol conversion unit may be further configured to convert, based
on the seventh transfer rule, the transfer symbol into a job of
repeating a process of transferring the process subject from a
single first container to all the second containers for all the
first containers.

Further, in the operation command generation device
according to the one aspect of the present invention, the protocol
chart may further include a parallel process symbol arranged so
as to be assoclated with a process symbol, the operation command
generation device may further include a parallel process setting
unit configured to make such a setting that a first process
represented by the process symbol and a second process are to
be simultaneously executed in parallel, and the process symbol
conversion unit may be further configured to convert, based on
the setting by the parallel process setting unit, the process
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symbol into a job to be simultaneously executed in parallel with
the second process.

Further, in the operation command generation device
according to the one aspect of the present invention, the protocol
chart may further include an area symbol arranged so as to be
associated with the process symbol, the operation command
generation device may further include a work area setting unit
configured to set a work area in which the process represented
by the process symbol is to be executed, and the process symbol
conversion unit may be further configured to convert, based on
the setting by the work area setting unit, the process symbol
into a job to be executed in the work area.

Further, in the operation command generation device
according to the one aspect of the present invention, the protocol
chart may further include a repetition line arranged so as to
be associated with the process symbol, the operation command
generation device may further include a repetition setting unit
configured to set a number of repetitions of the process symbol,
and the process symbol conversion unit may be further configured
to convert the process symbol into a job to be repeated as many
times as the number of repetitions.

Further, in the operation command generation device
according to the one aspect of the present invention, the protocol
chart may further include a consecutive process symbol arranged
so as to be associated with a plurality of process symbols, the
operation command generation device may further include a
consecutive process setting unit configured to set consecutive
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execution of processes represented by the plurality of process
symbols, and the process symbol conversion unit may be further
configgred to convert, based on the setting by the consecutive
process setting unit, the plurality of process symbols into jobs
to be consecutively executed for a signal container.

Further, in the operation command generation device
according to the one aspect of the present invention, the protocol
chart may further include a final symbol representing a final
stateof thecontainer, andthe operation command generationdevice

may further include a final symbol conversion unit configured

to convert the final symbol into a job of executing a final process

for the container.

Further, according tothe one aspect of the present invention,
the operation command generation device may further include an
execution time calculation unit configured to calculate a time
required for execution of the job generated based on the protocol
chart.

Further, a computer program according to another aspect
of the present invention causes a computer to function as the
above-mentioned operation command generation device.

Further, according to another aspect of the present
invention, there is provided an operation command generation
method including: determining, based on respective arrangement
positions of a plurality of process symbols each répresenting
a process for a process subject on a protocol chart including
the plurality of process symbols, an execution order of the
plurality of process symbols; and respectively converting the
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plurality of process symbols into jobs for a process system
including at least a robot so that processes represented by the
plurality of process symbols are executed in the execution order
determined in the determining of the execution order.
Further, according toanotheraspectof the present invention,
there is provided a process system including: the above-mentioned
operation command generation device; a robot controller
configured to control a control subject based on an operation
command generated by the operation command generation device;
and a robot configured to carry out a process on a process subject,

the robot being controlled by the robot controller.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram for illustrating a physical
configuration of a process system according to an embodiment of
the present invention.

FIG. 2 is a confiquration block diagram for illustrating
aphysical configurationof anoperation command generationdevice
according to the embodiment of the present invention.

FIG. 3 is a function block diagram of the operation command
generation device according to the embodiment of the present
invention.

FIG. 4 is a diagram for illustrating a first example of
a protocol chart acquired by the operation command generation
device according to the embodiment of the present invention.

FIG. 5 is a diagram for illustrating a protocol chart
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equivalent to the first example of the protocol chart.

FIG. 6 is a diagram for illustrating a second example of
the protocol chart acquired by the operation command generation
device according to the embodiment of the present invention.

FIG. 7 is a diagram for illustrating a third example of
the protocol chart acquired by the operation command generation
device according to the embodiment of the present invention.

FIG. 8 is a diagram for illustrating a fourth example of
the protocol chart acquired by the operation command generation
device according to the embodiment of the present invention.

FIG. 9 is a diagram for illustrating a fifth example of
the protocol chart acquired by the operation command generation
device according to the embodiment of the present invention.

FIG., 10 is a diagram for illustrating a sixth example of
the protocol chart acquired by the operation command generation
device according to the embodiment of the present invention.

FIG. 11 is a diagram for illustrating a seventh example
of the protocol chart acquired by the operation command generation
device according to the embodiment of the present invention.

FIG. 12 is a diagram for illustrating an eighth example
of the protocol chart acquired by the operation command generation
device according to the embodiment of the present invention.

FIG. 13 is a diagram for illustrating a ninth example of
the protocol chart acquired by the operation command generation
device according to the embodiment of the present invention.

FIG. 14 is a diagram for illustrating a tenth example of
the protocol chart acquired by the operation command generation
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device according to the embodiment of the present invention.

FIG. 15 is a diagram for illustrating an eleventh example
of the protocel chart acquiredby the operation command generation
device according to the embodiment of the present invention.

FIG. 16 is a diagram for illustrating a twelfth example
of the protocol chart acquiredby the operation command generation
device according to the embodiment of the present invention.

FIG. 17 is aAfirst flowchart for illustrating operations
of anoperationcommandgenerationunit according tothe embodiment
of the present invention.

FIG. 18 is a second flowchart for illustrating operations
of the operation command generation unit according to the
embodiment of the present invention.

FIG. 19 is a third flowchart for illustrating operatiocns
of the operation command generation unit according to the

embodiment of the present invention.

DESCRIPTION OF THE EMBODIMENTS

Based on the knowledge of the inventors of the present
invention, the likelihood of an anticipated result being obtained
in a biochemistry or biotechnology experiment, that is, the
reproducibility of the experiment, largely depends on the
competence of the person conducting the experiment, which can
in some cases hinder verification of the reliability of the
experiment result, for example. Accordingly, the inventors
investigated excluding human factors by using a robot to carry
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out the experiment.

However, a common format for describing a protocol has not
been established yet, and hence each experimenter is considered
to describe the protocol in a unique format. Therefore, when
an operation of a robot is described based on a certain protocol,
for example, an engineer familiar both with the protocol and
programming of the operation of the robot is necessary, and
moreover, when the format for the protocol is changed, the engineer
can no longer use the new format. Thus, describing the operation
of the robot based on the protocol is practically unrealistic.

Therefore, the inventors of the present invention invented
a novel and creative operation command generation device and the
like by carrying out diligent research and development into
automatically generating an operation command for causing a robot
toperforman experiment based on aproteccol. This operation command
generationdeviceandthelikearedescribedbelowusinganembodiment
as an example.

FIG. 1 is a schematic diagram for illustrating a physical
configuration of a process system 200 according to an embodiment
of the present invention. The process system 200 includes an
operation command generation device 1 configured to generate an
operation command for a robot 3 based on a protocol chart showing
a protocol, a robot controller 2 configured to control the robot
3 based on the generated operation command, and the robot 3, which
iscontrolledbytherobot controller2andisconfiguredtoexecute
an experiment. The operation command generation device 1 itself
may be a dedicated device. However, in this case, the operation
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command generationdevicel is realizedbyusing a common computer.
In other words, a commercially-available computer configured to
execute a computer program for causing the computer to operate
as the operation command generation device 1 is used for the
operation command generation device 1. The computer program is
in general provided in the form of application software, and is
used when installed on the compuﬁer. The application software
may be provided by recording the application software on a compact
disc read-only memory (CD-ROM), a digital versatile disc {(DVD)
ROM, or another suitable computer-readable information recording
medium. Further, the application software may be provided over
various information communication networks, suchas the Internet.
In addition, the functions of the application software may be
provided by a server at a remote location over an information
communication network, that is, be realized by so-called cloud
computing. Still further, the robot controller 2 may be
integrated with the robot 3, or in a stand-alone manner. The
robot controller 2 causes the robot 3 toexecute adesired operation
based on an operation command generated by the operation command
generation device 1.

The robot 3 is an articulated robot that is configured to
carry out processes on a process subject. The robot 3 is capable
of manipulating a piece of experiment equipment (which may or
may not be shown) such as grasping and manipulating a pipette
4 with an arm. Further, the robot 3 is capable of moving various
containers (which may or may not be shown) such as grasping a
microtube 6 stored in a tube rack 5 and moving the microtube 6
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fromthe tuberackS5toamainrack7orthelike. Inthisembodiment,
when the robot 3 is carrying out a process on the microtube 6,
such as injecting the process subject into the microtube 6, the
robot 3 moves the microtube 6 to the main rack 7, and carries
out the process above the main rack 7. The process system 200
also includes an agitator 8 and a thermostatic bath 9. 1In the
example illustrated in FIG. 1, one example of a piece of equipment
to be used when the robot 3 performs the experiment is illustrated.
However, the process system 200 may also include other equipment.
For example, the brocess system 200 may include a rack in which
a Petri dish is kept, a centrifugal separator, a magnet rack,
and the like. Further, the robot 3 is not limited to the type
that is illustrated, and the robot 3 may be a dual-arm robot or
the like.

FIG. 2 is a block diagram for illustrating a physical
configuration of the operation command generation device 1
according to the embodiment of the present invention. The
configuration illustrated in FIG. 2 is a general computer used
as the operation command generation device 1. In the computer,
a central processing unit (CPU) la, a random access memory (RAM)
1b, an external storage device lc, a graphics controller (GC)
1d, an input device le, and an input/output (I/0) 1f are connected
to one another by a data bus 1g so that the devices can exchange
electric signals therebetween. In this case, the external
storage device lc is a device capable of statically recording
information, such as a hard disk drive (HDD) or a solid state
drive (SSD). Further, signals from the GC 1d are output and
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display@dasénimageonanwnitorlh,sudlasaflatpaneldisplay,
by which the user visually recognizes the image. The input device
le is a device, such as a keyboard, a mouse, or a touch panel,
by which the user inputs information. The I/0 1f is an interface
that allows the operation command generation device 1 to exchange
information with an external device.

FIG., 3 is a function block diagram of the operation command
generation device 1 according to this embodiment. Note that,
the function blocks illustrated in FIG. 3 focus on the functions
that the operation command generation device 1 has. It is not
necessary to have physical configurations that correspond to
respective functionblocks in a one-to-onemanner. Some function
blocks may be realized by an information processing device, such
as the CPU la of the operation command generation device 1,
executing specific software. Further, some function blocks may
be realized by a specific storage area being allocated to an
information storage device, such as the RAM 1b of the operation
command generation device 1.

The operation command generation device 1 includes an input
unit 10 configured to receive various inputs from a user, and
a protocol chart acquisition unit 11 configured to acquire a
protocol chart showing a protocol. Further, the operation
command generation device 1 includes an operation command
generation unit 12 configured to generate an operation command
based on the inputs received by the input unit 10 and the protocol
chart acquired by the protocol chart acquisition unit 11, and

an execution time calculation unit 25 configured to calculate
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an execution time required for the robot to execute the generated
operationcommand. Inaddition, theoperationcommandgeneration
device 1 includes an operation command storage unit 26 configured
to store electronic data of the operation command currently being
generated and operation commands that have been generated, an
operationcommanddisplayunit27configuredtoformtheelectronic
data of the operation commands stored in the operation command
storage unit 26 and display the formed electronic data on the
monitor lh, and an operation command output unit 28 cenfigured
to output the generated operation command as an electronic file
in a format that can be read by the robot.

The input unit 10 is normally configured by the input device
le illustrated in FIG. 2. However, when the operation command
generation device 1 is an application server used in cloud
computing, the I/0 1f into which operation information input by
the user on a terminal at a remote location is input corresponds
to the input unit 10.

The operation command generation unit 12 includes.various
function blocks for generating an operation command. Although
a detailed description is given later along with a description
of a generation procedure for the operation command, in this
embodiment, the operation command generation unit 12 includes
an initial symbol conversion unit 13 configured to convert an
initial symbol representing an initial state of a container for
containingaprocesssubjectintoajobofpreparingthecontainer.
Moreover, the operation command generation unit 12 includes a
final symbol conversion unit 15 configured to convert a final
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symbol representing a final state of a container into a job of
executing a final process for the container, and a process symbol
conversion unit 16 configured to convert a plurality of process
symbols representing processes for aprocess subject respectively
into jobs of the process system so that the processes represented
by the plurality of process symbols are executed in an execution
order determined by an execution order determination unit 21
described later. Further, the operation command generationunit
12 includes the execution order determination unit 21 configured
to determine the execution order of a plurality of process symbols
based on respective arrangement positions of the plurality of
process symbols on a protocol chart and a transfer symbol
conversion unit 23 configured to convert a transfer symbol
representing a transfer process of transferring the process
subject from a first container to a second container into a job
of transferring the process subject from the first container to
the second container.

Note that, in this specification, the term job refers to
a command, which is issued to a process system including at least
a robot, for carrying out a unit process on a container containing
a process subject. Further, the term operation command refers
to a collection of jobs that combines a plurality of jobs. The
operation command generation device 1 is configured to convert
individual process symbols represented in a protocol chart into
jobs, which are unit processes, and combine the generated jobs
while taking into consideration an execution order of the jobs
obtained by conversion to generate an operation command for the
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process system.

The initial symbol conversion unit 13 further includes a
number-of-containers extraction unit 14 configured to extract,

based on a protocol chart, the number of containers associated

with the initial symbol. The process symbol conversion unit 16

receives the number of containers extracted by the
number-of-containers extractionunit 14, and converts theprocess
symbol associated with the initial symbol info as many jobs as
the number of containers extracted by the number-of-containers
extraction unit.

Moreover, the process symbol conversion unit 16 further
includes a repetition setting unit 17 configured to set the number
of repetitions of aprocesssymbol. Theprocess symbol conversion
unit 16 converts the process symbol into a job to be repeated
as many times as the number set by the repetition setting unit
17. Moreover, the process symbol conversion unit 16 includes
aparallel process settingunit 18 configured tomake suchasetting
that a first process represented by a process symbol and a second
process are to be simultaneously executed in parallel. The
process symbol conversion unit 16 converts, based on the setting
by the parallel process setting unit 18, the process symbol into
a job to be executed simultaneously in parallel with the second
process. Moreover, the process symbol conversionunit 16 further
includes a consecutive process setting unit 19 configured to make
sucha setting that processes representedbyapluralityof process
symbols are to be consecutively executed. The process symbol
conversion unit 16 converts, based on the setting by the
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consecutive process setting unit 19, the plurality of process
symbols into jobs to be consecutively executed for a signal
container. Moreover, the process symbol conversion unit 16
further includes a work area setting unit 20 configured to set
a work area in which a process represented by a process symbol
is to be executed. The process symbol conversionunit 16 converts
the process symbol into a job to be executed in the work area
set by the work area setting unit 20.

Moreover, the execution order determination unit 21
includes a process symbol position épecification, unit 22
configured to specify at least two process symbols equal to each
other in the arrangement position in a first direction out of
the plurality of process symbols. The execution order
determination unit 21 determines the execution order of the at
least twoprocess symbols specifiedby the process symbol position
specification unit 22 based on arrangement positions in a second
direction intersecting the first direction.

Moreover, the transfer symbol conversion unit 23 further
includes a transfer rule setting unit 24 configured to set a
transfer rule depending on a relationship between the number of
the first containers and the number of the second containers.

FIG. 4 is a diagram for illustrating a first example of
the protocol chart acquired by the operation command generation
device 1 according to this embodiment.

In this specification, the term protocol chart refers to
a diagram that is shown in a manner that allows a protocol to

be visually understood, and the term protocol refers to the work
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procedure and conditions of a pre-process and the like tobe carried
out onaprocess subject inthe fieldof biochemistryorbiotechnology.
Further, the term process subject refers to a specimen on which an
experiment in the above-mentioned fields is to be performed. In
general, the process subject is often aportion of biological tissue,
such as acell, DNA, or the like. The experiment is generallycarried
out by placing the process subject in a piece of equipment that is
particularly suited to the experiment, such as a microtube
(centrifuge tube), a Petri dish, or amicroplate (microtiter plate).
However, when the term container is used by itself in this
specification, the term refers to all of those pieces of equipment
suitable for containing the process subjéct in the experiment.

Further, for convenience, the upward direction in FIG. 4
isreferredtoasa firstdirection, andthedirectionintersecting
the first direction is referred to as a second direction. It
is not necessary for the angle of intersection between the first
direction and the second direction to be a right angle. However,
in this case, the first direction and the second direction are
perpendicular to each other. As a result, the second direction
is the axis in the horizontal direction in FIG. 4.

In the protocol chart of this example, basically, aninitial
symbol 100 representing an initial state of the container
containing the process subject and a £inal symbol 101 representing
a final state of the container are arranged in the first direction.
The initial symbol 100 and the final symbol 101 are connected
in the first direction by a procedure line 102 heading from the
initial symbol 100 to the final symbol 101. A process symbol
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103 representing an individual process to be carried out on the
container is arranged along the procedure line 102. In the first
example illustrated in FIG. 4, there are a set of the initial
symbol 100 and final symbol 101 in which "Tube 1" is written and
the procedure line 102 connecting the initial symbol 100 and the
final symbol 101 and a set of the initial symbol 100 and final
symbol 101 in which "Tube 2" is written and the procedure line
102 connecting the initial symbol 100 and the final symbol 102.
In this case, the procedure line 102 represents the procedure
to be carried out by the process as an arrow line. In other words,
the protocol chart of this example means that first the jobs
represented by the initial symbols 100, in which "Tube 1" and
"Tube 2" are respectively written, are carried out, then the jobs
represented by the process symbols 103, in which "A" is written
for "Tube 1" and "Tube 2", are carried out, subsequently the jobs
represented by the process symbols 103, in which "B" is written
for "Tube 1" and "Tube 2", are carried out, and lastly the jobs
represented by the final symbols 101, in which "Tube 1" and "Tube
2" are respectively written, are carried out.

According to this embodiment, the execution order
determinationunit 21 determines an execution order of a plurality
of process symbols 103 based on respective arrangement.positions
of the plurality of process symbols 103 on the protocol chart.
On this occasion, in order to uniquely acquire a protocol from
the protocol chart, it is desired to determine an execution order
of process symbols 103 arranged at the same position in the first
direction so as to prioritize the processes.
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According to this embodiment, the process symbol position
specification unit 22 specifies at least two process symbols the
same in the arrangement position in the first direction (upward
direction of the figure) out of a plurality of process symbols.
Then, the execution order determination unit 21 determines the
execution order of the at least two process symbols specified
by the process symbol position specification unit 22 based on
the arrangement positions in the second direction (horizontal
direction of the figure). Specifically, the execution oxder
determination unit 21 determines the execution order so as to
execute earlier a process symbol arranged on the left side of
the figure, and execute later a process symbol arranged on the
right side of the figure.

A description is now given of how the respective elements
of the first example of the protocol chart illustrated in FIG.
4 are converted into jobs by the operation command generation
device 1.

First, the protocol chart is acquired by the protocol chart
acquisition unit 11 of the operation command generation device
1, an initial symbol 100 which is written at the upper most line
of the protocol chart and in which "Tube 1" is written and an
initial symbol 100 which is written at the upper most line of
the protocol chart and in which "Tube 2" is written are converted
by the initial symbol conversionunit 13intojobsof eachpreparing
a container for containing a process subject. "Tube 1" written
on the left side of the initial symbol 100 represents a first
microtube, "Tube 2" on the left side of the initial symbol 100
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represents a second microtube, and "Tube Rack" on the right side
of the initial symbol 100 represents a device in which the
microtubes are kept, and is the tube rack 5 on this occasion.
Note that, the first microtube and the second microtube may be
microtubes of the same type. Moreover, the process for the
container is executed on the main rack 7 in principle, and hence
the job of preparing the container means a job of moving the
container to themainrack 7. Thus, theinitial symbol conversion
unit 13 converts the initial symbol 100 inwhich "Tube 1" iswritten
to a job of using the arm of the robot 3 tomove the first microtube
1 from a first storage location in the tube rack 5 to a first
storage location in themain rack 7. Moreover, the initial symbol
conversion unit 13 converts the initial symbol 100 in which "Tube
2" is written to a job of using the arm of the robot 3 to move
the second microtube from a second storage location in the tube
rack 5 to a second storage location in the main rack 7. On this
occasion, the first and second microtubes may be moved one at
a time, or an arm capable of holding a plurality of microtubes
may be employed as the armof the robot 3 soas tomove themicrotubes
simultaneously.

Next, the process symbol 103 in which "A" is written, which
is connected by the procedure line 102 to the initial symbol 100
in which "Tube 1" is written, is read. In this case, the process
symbol 103 in which "A" is written represents an arbitrary process
to be carried out on the microtube under Condition A. In this
example, a specific content of the process is not exemplified,

but a specific example of the process is described in a second
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example of the protocol chart.

A process symbol 103 in which "A" is written for "Tube 1"
and a process symbol 103 in which "A" is written for "Tube 2"
are arranged at the same position in the first direction.
Therefore, the process symbol position specification unit 22
specifies the process symbol 103 in which "A" is written for "Tube
1" and the process symbol 103 in which "A" is written for "Tube
2", The execution order determination unit 21 receives this
specification to determine the execution order of the jobs based
on the positions in the second direction. In other words, the
execution order determination unit 21 makes such a determination
that the job represented by the process symbol 103 in which "A"
is written for "Tube 1" located on the left side of the figure
is executed first, and the job represented by the process symbol
103 in which "A" is written for "Tube 2" located on the right
side of the figure is executed second. The process symbol
conversion unit 16 receives this determination, and converts the
process symbols 103 in which "A" is written for "Tube 1" and "Tube
2" into jobs of executing the process "A" for "Tube 1" first and
then executing the process "A" for "Tube 2" second.

Then, process symbols 103 in which "B" is written are
converted into jobs in accordance with the direction (first
direction) of the procedure lines 102. On this occasion, the
process symbol 103 in which "B" is written represents an arbitrary
proceséexecutedunderConditionBforthendcrotube. Theprocess
symbol position specification unit 22 also specifies the process
symbols 103 in which "B" is written as process symbols equal to
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each other in the arrangement position in the first direction.
Then, the execution order determination unit 21 makes such a
determination that the job represented by the process symbol 103
in which "B" is written for "Tube 1" located on the left side
of the figure is executed first, and the job represented by the
process symbol 103 in which "B" is written for "Tube 2" located
on the right side of the figure is executed second. The process
symbol conversion unit 16 receives this determination, and
converts the process symbols 103 in which "B" is written for "Tube
1" and "Tube 2" into jobs of executing the process "B" for "Tube
1" first and then executing the process "B" for "Tube 2" second.

Finally, a final symbol 101 in which "Tube 1" is written
and a final symbol 101 in which "Tube 2" is written are converted
bythefinalsymbolconvefsionunit15intojobsofeachexecuting
a final process for the container. On this occasion, "PUT" means
keeping a microtube in a device, and the final symbol conversion
unit 15 converts the final symbols 101 in which "Tube 1" and "Tube
2" are respectively written into jobs of respectively keeping
the first and second microtubes in the thermostatic bath 9 at
4°C.

The execution order of the jobs is uniquely determined by
defining the execution order of the process symbols based on the
arranged positions on the protocol chart in this way, and the
operation commandused tocause the robot tocarryout anexperiment
can be automatically generated. Moreover, even if the process
symbols are arranged at positions equal to each other in the first
direction, by defining the execution order based on positions
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in the second direction intersecting the first direction, an
execution order of the jobs is uniquely determined from the
protocol chart described two-dimensionally, and the operation
command can be automatically generated.

FIG. 5 is a diagram for illustrating a protocol chart
equivalent to the first example of the protocol chart. On the
protocol chart illustrated in FIG. 5, a number-of-containers
symbol 108 is arranged so as to overlap the initial symbol 100
in which "Tube" is written. The number-of-containers symbol 108
explicitly represents the number of containers associated with
the initial symbol 100, and based on characters "X, explicitly
represents that the initial symbol 100 in which "Tube" is written
is converted into a job of preparing two microtubes and a process
symbol 103 connected to the initial symbol 100 by a procedure
line 102 is converted into jobs of executing a process for the
two microtubes.

According to this embodiment, the number-of-containers
extraction unit 14 extracts the number of containers associated
with an initial symbol. Note that, the number of containers
associated with the initial symbol is not limited to the number
explicitly represented by the number-of-containers symbol 108
as illustrated in FIG. 5, and, for example, may be a number set
as a parameter accompanying the initial symbol. When the
number-of-containers extraction unit 14 extracts the number of
containers, at least theprocess symbol conversionunit 16 converts
the process symbol associated with the initial symbol into as
many Jobs as the number of containers extracted by the
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number-of-containers extraction unit 14.

A description is now given of how the respective elements
of the protocol chart illustrated in FIG. 5 are converted into
jobs by the operation command generation device 1.

First, the number-of-containers extractionunit 14 extracts
the number of containers associated with the initial symbol 100
in which "Tube" is written. In other words, the
number-of-containers extraction unit 14 extracts the number of
containers, namely, 2, from the number-of-containers symbol 108
in which "x2" is written.

Then, the initial symbol conversion unit 13 converts the
initial symbol 100 in which "Tube" is written and with which the
number of containers 1s associated into the jobs of preparing
the first and second microtubes. Moreover, the process symbol
conversion unit 16 converts the process symbols associated with
the initial symbol in which "Tube" is written, namely, the process
sympbol 103 in which "A"™ is written and the process symbol 103
in which "B" is written, into jobs of respectively executing
Processes A and B for the first and second microtubes. On this
occasion, while two sets including the initial symbol 100 in which
"Tube" is written, the final symbol 101, and the procedure line
102 connecting both of the symbols to each other are considered
to be arranged as being separated from eachAother in the second
directionandarranged at the samepositioninthe first direction,
the execution order of the jobs is defined by the execution order
determination unit 21 and the process symbol position
specification unit 22. 1In other words, the execution order of
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the jobs is defined while the protocol chart of FIG. 5 is replaced
by the first example of the protocol chart. As a result, the
process symbol 103 in which "A" is written and the process symbol
103 in which "B" is written are converted by the process symbol
c?nversion unit 16 into jobs of executing Process A for the first
microtube, executing Process A for the secondmicrotube, executing
Process B for the first microtube, and executing Process B for
the second microtube. Finally, the final symbol conversion unit
15 converts the final symbol 101 in which "Tube"” is written into
jobs of keeping the first and secondmicrotubes in the thermostatic
bath 9 at 4°C. An operation command generated as a result is
the same as an operation command generated for the first example
of the protocol chart illustrated in FIG. 4.

If processes for a plurality of containers are described
in a protocol chart without omissions, the protocol chart extends
in the horizontal direction of the figure as the number of
containers increases, and readability of the protocol chart is
degraded. Therefore, processes having the same content for a
plurality of containers of the same type are preferably described
in a simple manner. With the operation command generation device
1 according to this embodiment, even for a protocol chart simply
describing processes for a plurality of containers of the same
type by presenting the number of the containers, each of the
plurality of containers is considered as a protocol chart
describing a set including an initial symbol 100, a final symbol
101, and a procedure line 102 connecting both the symbols to each
other, and an operation command for the plurality of containers
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is generated.

FIG. 6 is a diagram for illustrating a second example of
the protocol chart acquired by the operation command generation
device 1 according to the embodiment of the present invention.
The second example represents specific contents of processes
executed for containers.

In the second example, the initial symbol 100 and the final
symbol 101 in which "Dish" is written, and the procedure line
102 connecting the initial symbol 100 and the final symbol 101,
and the initial symbol 100 and the final symbol 101 in which "Tube"
is written, and the procedure line 102 connecting the initial
symbol 100 and the final symbol 101, are arranged at positions
offset from each other in the second direction.

Inthisexample, aprocess subjectistransferred from"Dish"
to "Tube", and a transfer line 104 connecting the procedure line
102 and the procedure line 102 toeach other in the second direction
isarrangedanda transfer symbol 105 inwhich "TRANSFER" iswritten
representing the transfer is arranged on the transfer line 104.
The transfer line 104 explicitly represents a transfer direction
of the process subject, and, on this occasion, is an arrow, to
thereby represent a transfer direction thereof.

Moreover, in this example, a process symbol 103 in which
"ADD" is written meaning addition and the procedure line 102 for
"Tube" are connected to each other by an addition line 106 in
the second direction. The addition line 106 is also an arrow
directing to the procedure line 102 so as to explicitly represent
addition to the container.
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Moreover, inthisexample, arepetitionline 107 isarranged.
The repetition line 107 is drawn so as to branch from the procedure
line 102 to extend in the second direction, bend toward and to
extend in the first direction, a top direction on this occasion,
further bend in the second direction, and reconnect to the
procedure line 102, and "2" representing the number of the
repetitions is written by the side of the repetition line 107.
Note that, aprocess symbol ispreferablynotarrangedat aposition
the same in the first direction and separated in the second
direction as and from the position at which the repetition line
107 is arranged. This is because it is difficult to uniquely
define the execution order between the process symbol associated
with the repetition line 107 and the process symbol arranged so
as to be separated in the second direction, and even if the order
is defined, the order is difficult to intuitively understand.

A description is now given of how the respective elements
of the second example of the protocol chart exemplified in FIG.
6 are converted into jobs by the operation command generation
device 1.

First, the protocol chart is acquired by the protocol chart
acquisition unit 11 of the operation command generation device
1, and the initial symbol 100 in which "Dish" is written and'whiéh
iswrittenontheuppermost line of the protocol chart is converted
by the initial symbol conversion unit 13 into a job of preparing
a container for containing a process subject. "Dish" written
on a left side of the initial symbol 100 represents a Petri dish,
and "CO2 incubator" written on a right side of the initial symbol
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100 represents a device in which the Petri dish is kept, and,
in this example, is a carbon dioxide gas atmosphere incubator.
The initial symbol conversion unit 13 converts the initial symbol
100 in which "Dish™ is written into a job of moving the Petri
dish, which is kept in the carbon dioxide gas atmosphere incubator,
and in which, for example, a biological tissue is culﬁivated,
to a predetermined location by using the arm of the robot 3 to
prepare for a process to be executed for the Petri dish.

Moreover, the initial symbol conversion unit 13 converts
an initial symbol 100 in which "Tube" is written and which is
written on the upper most line of the protocol chart into a job
of preparing a container for containing the process subject. As
described above, "Tube" represents the microtube, and "Tube Rack”
represents the tube rack 5. The initial symbol conversion unit
13 converts the initial symbol 100 in which "Tube" is written
into a job of moving the microtube kept in the tube rack 5 to
the main rack 7 by using the arm of the robot 3 to prepare for
a process to be executed for the microtube.

Subsequently to the job of preparing the container, a job
represented by a process symbol 103 in which "WASH" is written
is executed. A left side of this process symbol 103 represents
a type of the process, and a right side thereof represents a
condition for the process. On this occasion, "WASH" means cell
washing, and "PBS, 1,000 [pl]" means that 1,000 pl of phosphate
buffered saline is used for the cell washing. This cell washing
is carried out twice in accordance with the repetition line 107.
The repetitionsettingunit 17 sets the number (2) of therepetition
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of the process symbol 103 in which "WASH" is written. The process
symbol conversion unit 16 receives this setting, and converts
the process symbol 103 in which "WASH" is written into a job of
repeating the cell washing process twice.

Then, a job represented by a process symbol 103 in which
"SCRAPE" is written is executed. .This process 1s sc-called
scraping, and represents an operation of using a scraper to scrape
a bottom of a Petri dish, to thereby scrape off a process subject
such as cells adhered to the Petri dish. Thus, the process symbol
conversion unit 16 converts the process symbol 103 in which
"SCRAPE" is written into a job of using the arm of the robot 3
to hold the scraper, and using the scraper to carry out scraping
for the Petri dish.

Further, a job represented by a transfer symbol 105 in which
"TRANSFER" is written is executed. The transfer symbol
conversion unit 23 converts the transfer symbol 105 in which
"TRANSFER" is written into a job of using the pipette 4 held by
the arm of the robot 3 to transfer 200 ul of the process subject
scraped off from the Petri dish, which is the first container,
to the microtube, which is the second container.

The Petri dish after the transfer of the process subject
is brought into a final state represented by a final symbol 101
in which "Dish" is written in accordance with the procedure line
102. On this occasion, "DISCARD" written in a center part of
the final symbol 101 represents an operation of discarding the
Petri dish, and "Dust Box" written on a right side of the final
symbol 101 represents a discard destination thereof. The final
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symbol conversion unit 15 converts the final symbol 101 in which
"Dish" is written into a job of executing a discard process
(discarding the Petri dish into the dust box), which is a final
process, for the Petri dish held by the arm of the robot 3.

On the other hand, regarding the microtube, further in
accordance with the procedure line 102, a process represented
by a process symbol 103 in which "ADD" is written is executed.
The process symbol 103 in which "ADD" is written represents a
process of adding 1,000 pl of a cell lysis buffer as indicated
by a conditionwrittenonaright side thereof. Theprocess symbol
conversion unit 16 converts the process symbol 103 in which "ADD"
is written into a job of using the pipette 4 held by the arm of
the robot 3toadd1l,000ul of thecelllysisbuffertothemicrotube.

Further, a process represented by a process symbol 103 in
which "MIX" iswritten is executed. This process means agitation
of a content, and "Vortex, 5 [s]" written as a process condition
means an agitation process for five seconds with an agitator.
Thus, the process symbol conversion unit 16 converts the process
symbol 103 in which "MIX" is written into a job of setting the
microtube held by the arm of the robot 3 to the agitator 8, to
thereby agitate the content for five seconds.

Finally, the microtube is brought into a final state
represented by a final symbol 101 in which "Tube" is written.
On this occasion, "PUT" means keeping the microtube in a device,
and hence the microtube is stored and kept in the thermostatic
bath at 4°C. The final symbol conversion unit 15 converts the
final symbol 101 in which "Tube" is written into a job of executing
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a storage process of storing the microtube in the thermostatic
bath 9 at 4°C, which is a final process, for the microtube held
by the arm of the robot 3.

As described above, the operation command generation device
1 according to this embodiment converts respective elements to
specific jobs based on an execution order uniquely defined by
arrangement positions of the respective elements on a protocol
chart, to thereby generate an operation command, which is a set
of the jobs. Moreover, when a protocol chart using a repetition
line for an omitted description is given, jobs of repeating the
same process can be generated. Further, when a protocol chart
including a transfer line and a transfer symbol is given, a job
of transferring a process subject from one container to another
container can be generated.

FIG. 7 is a diagram for illustrating a third example of
the protocol chart acquired by the operation command generation
device 1 according to this embodiment. A protocol represented
by the third example represents that, after Process A is executed
for a Petri dish, which is the first container, 100 ul of a content
is transferred tc a microtube, which is the second container,
the Petridishisdiscarded, ProcessBisexecuted for themicrotube,
and the microtube is kept in the thermostatic bath at 4°C. On
this occasion, a number-of-containers symbol 108 including
characters "x3" is associatedwithan initial symbol 100 of "Dish"
representing preparation of Petri dishes. The
number-of-containers symbol 108 represents that the same process

is executed for the same type of three Petri dishes. Moreover,
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a number-of-containers symbol 108 including characters "x3" is
associated with an initial symbol 100 of "Tube" representing
preparation of microtubes. The number-of-containers symbol 108
represents that the same process is executed for the same type
of three microtubes.

The protocol chart of thisexample includes atransfer symbol
105 representing a  transfer process. Moreover, a
number-of-transfers symbol 109 is associated with the transfer
symbol 105. The number-of-transfers symbol 109'includes the
number (3) of the Petri dishes, which are the first containers,
and the number (3) of the microtubes, which are the second
containers. Specifically, the number-of-transfers symbol 109
includes characters "3:3", and the number of containers of a
transfer source is represented on a left side of the characters,
and the number of containers of a transfer destination is
represented on a right side of the characters.

AfirstpictogramllOaisassociatedwiththe transfer symbol
105. The first pictogram 11l0a is a sign of three arrows extending
from the 1éft toward the right of the figure. The
number-of-transfers symbol 109 and the first pictogram 110a
concisely represent a first transfer rule for the case in which
the process subject is transferred from the three Petri dishes,
which are the first containers, to the three microtubes, which
are the second containers. Hereinafter, for a description of
the transfer rule, the three Petri dishes are referred to first
to third Petri dishes, and the three microtubes are referred to
as first tothirdmicrotubes. Inthisexample, the first transfer
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rule means a transfer rule in which 100 pl of the process subject
is transferred from the first Petri dish to the first microtube,
1001ﬂ_oftheprocesssubjectistransferredfromthesecondPetri
dish to the second microtube, and 100 pl of the process subject
is transferred from the third Petri dish to the third microtube.
In this example, the number-of~transfers symbol 109 and the first
pictogram 110a enable intuitive recognition of the first transfer
rule, but the first transfer rule does not always need to be
explicitly represented on the protocol chart. Moreover, one of
the number-of-transfers symbol 109 and the first pictogram 110a
may be represented on the protocol chart.

The transfer rule setting unit 24 sets the first transfer
rule when the number of the first containers (Petri dishes in
this example) and the number of the second containers (microtubes
in this example) are equal to each other. Then, the transfer
symbol conversion unit 23 converts, based on the first transfer
rule, the transfer symbol 105 into a job of repeating the process
of transferring the process subject from the first container to
the second container in a one-to-one manner as many times as the
number of the containers. In this example, the number of Petri

dishes, which are the first containers, and the number of the

. microtubes, which are the second containers, are equal to each

other, and the transfer rule setting unit 24 thus sets the first
transfer rule. Moreovef, the transfer symbol conversion unit
23 converts the transfer symbol 105 into a job of repeating, for
three times, the process of transferring 100 pl of the process
subject from the Petri dish to the microtube each time in a

36



10

15

20

25

one-to-one manner based on the first transfer rule. In this way,
with the transfer symbol conversion unit 23 and the transfer rule
setting unit 24 according to this embodiment, the Jjob of
transferring the process subject between the containers the same
in the number is generated based on the transfer rule. In
particular, as in this example, if the transfer rule setting unit
24 setsthetransferrulebasedonthenumberofthe first containers
and the number of the second containers, the transfer rule suitable
for execution of the protocol is automatically set without fully
explicitly representing the transfer rule by a person who produces
a protocol chart, resulting in an increase in productivity of
the protocol chart. Naturally, if a transfer rule is explicitly
represented on the protocol chart, the transfer rule setting unit
24 sets a transfer rule based on the explicitly represented
transfer rule. The same holds true for various examples of the
transfer rule described below.

FIG. 8 is a diagram for illustrating a fourth example of
the protocol chart acquired by the operation command generation
device 1 according to this embodiment. A protocol represented
by the fourth example represents that, after Process A is executed
for a Petri dish, which is the first container, 100 ul of a content
is transferred to a microtube, which is the second container,
the Petridishisdiscarded, ProcessB isexecuted for themicrotube,
and the microtube is kept in the thermostatic bath at 4°C. On
this occasion, a number-of-containers symbol 108 including
characters "x3" is associatedwith an initial symbol 100 of "Dish"
representing preparation of Petri dishes. The
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number-of-containers symbol 108 represents that the same process
is executed for the same type of three Petri dishes. Moreover,
a number-of-containers symbol 108 including characters "x1" is
associated with an initial symbol 100 of "Tube" representing
preparation of microtubes. The number~of-containers symbol 108
represents that a process is executed for a single microtube.

Theprotocolchartofthisexampieincludesatransfersymbol
105. A number-of-transfers symbol 109 is associated with the
transfer symbol 105. Thenumber-of-transferssymbol 109 includes
the number (3) of the Petri dishes, which are the first containers,
and the number (1) of the microtubes, which are the second
containers. Specifically, the number-of-transfers symbol 109
includes characters "3:1", and the number of containers of a
transfer source is represented on a left side of the characters,
and the number of containers of a transfer destination is
represented on a right side of the characters.

A second pictogram 110b is associated with the transfer
symbol 105. The second pictogram 110b is a sign of three arrows
extending fromthree points arranged on the left side of the figure
toward one point on the right side of the figure so as to converge
on the one point. The number-of-transfers symbol 109 and the
second pictogram 110b concisely represent a second transfer rule
for the case in which the process subject is transferred from
the three Petri dishes, which are the first containers, to the
one microtube, which is the second container. In this example,
the second transfer rule means a transfer rule of collecting 100
pl of the process subject from each of the first to third Petri
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dishes, which totals 300 pl, to the single microtube.

The transfer rule setting unit 24 sets the second transfer
rule when the number of the first containers is at least two and
the number of the second containers is one. Then, the transfer
symbol conversion unit 23 converts, based on the second transfer
rule, the transfer symbol 105 into a job of repeating the process
of transferring the process subject from the first container to
the secondcontainer forallthefirst containers. Inthisexample,
the number of Petri'dishes, which are the first containers, is
at least two, and the number of the microtubes, which are the
second containers, is one, and the transfer rule setting unit
24 thus sets the second transfer rule. Moreover, the transfer
symbol conversion unit 23 converts the transfer symbol 105 into
a job of repeating, for all the Petri dishes, the process of
transferring the process subject from the Petri dish to the
microtube based on the second transfer rule. In this way, with
the transfer symbol conversion unit 23 and the transfer rule
setting unit 24 according to this embodiment, a job of collecting
the process subject from a plurality of containers to a single
container is generated.

FIG. 9 is a diagram for illustrating a fifth example of
the protocol chart acquired by the operation command generation
device 1 according to this embodiment. A protocol represented
by the fifth example represents that, after Process A is executed
for a Petri dish, which is the first container, 100 ul of a content
is transferred to a microtube, which is the second container,
the Petridishisdiscarded, ProcessBisexecuted for the microtube,
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and the microtube is kept in the thermostatic bath at 4°C. On
this occasion, a number-cf-containers symbol 108 including
characters "x1" is associated with an initial symbol 100 of "Dish"
representing preparation of a Petri dish. The
number-of-containers symbol 108 represents that a process is
executed for a single Petri dish. Moreover, a
number-of-containers symbol 108 including characters "x3" is
associated with an initial symbol 100 of "Tube" representing
preparation of microtubes. The number-of-containers symbol 108
represents that the same process is executed for the same type
of three microtubes.

The protocol chart of thisexample includesatransfer symbol
105. A number-of-transfers symbol 109 is associated wifh the
transfer symbol 105. Thenumber-of-transferssymbol 109includes
the number (1) of the Petri dishes, whichare the first containers,
and the number (3) of the microtubes, which are the second
containers. Séecifically, the number-of-transfers symbol 109
includes characters "1:3", and the number of containers of a
transfer source is represented on a left side of the characters,
and the number of containers of a transfer destination is
represented on a right side of the characters.

AthirdpictogramllOcisassociatedwiththe transfer symbol
105. The thirdpictogram1ll0c is a sign of three arrows extending
from one point arranged on the left side of the figure toward
three points on the right side of the figure so as to diverge
toward the three points. The number-of-transfers symbol 109 and
the third pictogram 110c.concisely represent a third transfer
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rule for the case in which the process subject is transferred
from the one Petri dish, which is the first container, to the
threemicrotube, which are the second containers. Inthisexample,
the third transfer rule means a transfer rule of transferring
a process subject to the first microtube, the second microtube,
and the third microtube in a distributive manner.

The transfer rule setting unit 24 sets the third transfer
rule when the number of the first containers is one and the number
of the second containers is at least two. Then, the transfer
symbol conversion unit 23 converts, based on the third transfer
rule, the transfer symbol 105 into a job of repeating the process
of transferring the process subject from the first container to
the second container for all the second containers. In this
example, the number of Petri dishes, which are the first containers,
is one, and the number of the microtubes, which are the second
containers, is at least two, and the transfer rule setting unit
24 thus sets the third transfer rule. Moreover, the transfer
symbol conversion unit 23 converts the transfer symbol 105 into
a job of repeating, for all the microtubes, the process of
transferring the process subject from the Petri dish to the
microtube based on the third transfer rule. On this occasion,
a method of distributing the process subject to the respective
microtubes is an equal distribution in principle, but a ratio
of the distribution may be set by a user. Moreover, a job may
be converted so as to transfer the entire amount of the process
subject in the first container by omitting a description of a
transfer amount on the transfer symbol 105, or by describing the
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transfer of the entire amount (for example, "Al1l"). Even in this
case, the method of distributing the process subject to-the
respective microtubes is the equal distribution in principle,
but the ratio of thedistributionmaybe set by theuser. Moreover,
if the pipette is used to suck the entire amount, an error may
occur, such as a suction of the outside air or the like, and hence
when the transfer of the entire amount is instructed, an amount
smaller by a certain degree than the entire amount recognized
on the protocol chart, such as 90% of the process subject, may
be transferred. Inthisway, with the transfer symbol conversion
unit 23 and the transfer rule setting unit 24 according to this
embodiment, a jobof distributing the process subject froma single
container to a plurality of containers is generated.

FIG. 10 is a diagram for illustrating a sixth example of
the protocol chart acquired by the operation command generation
device 1 according to this embodiment. A protocol represented
by the sixth example represents that, after Process A is executed
for a Petri dish, which is the first container, 100 pl of a content
is transferred to a microtube, which is the second container,
the Petridishisdiscarded, ProcessBisexecuted for themicrotube,
and the microtube is kept in the thermostatic bath at 4°C. On
this occasion, a number-of-containers symbol 108 including
characters "x3" is associatedwith an initial symbol 100 of "Dish"
representing preparation of Petri dishes. The
number-of-containers symbol 108 represents that the same process
is executed for the same type of three Petri dishes. Moreover,

a number-of-containers symbol 108 including characters "x2" is

42



10

15

20

25

associated with an initial symbol 100 of "Tube" representing
preparation of microtubes. The number-of-containers symbol 108
represents that the same process is executed for the same type
of two microtubes.

The protocol chartof thisexample includesatransfer symbol
105. Moreover, a number-of-transfers symbol 109 is associated
with the transfer symbol 105 representing a transfer process.
The number-of-transfers symbol 109 includes the number (3) of
the Petri dishes, which are the first containers, and the number
(2) of the microtubes, which are the second containers.
Specifically, the number-of-transfers symbol 109 includes
characters"3:2",andthenﬁmberofcontainersofatransfersource
is represented on a left side of the characters, and the number
of containers of a transfer destination is represented on a right
side of the characters.

A fourth pictogram 110d is associated with the transfer
symbol 105. The fourth pictogram 110d is a sign of three arrows
extending fromthree points arranged on the left side of the figure
toward one point at the center of the fourth pictogram 110d so
as to converge on the one point and three arrows extending from
the one point at the center toward three points arranged on the
right side of the figure so as to diverge toward the three points.
The number-of-transfers symbol 109 and the fourth pictogram 110d
concisely represent a fourth transfer rule for the case in which
the process subject is transferred from the three Petri dishes,
which are the first containers, to the two microtubes, which are

the second containers. In this example, a fourth transfer rule
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means a transfer rule of collecting 100 pul of the process subject
fromeachof the first tothirdPetridishestoasingle intermediate
container (such as beaker), and then.distributing 300 pl of the
process subject from the intermediate container to the first and
second microtubes, which are the second containers.

The transfer rule setting unit 24 sets the fourth transfer
rule when the number of the first containers is at least two,
the number of the second containers is at least two, and one of
those numbers is not a multiple of the. other of those numbers
(that is, the number of the first containers is neither amultiple
noradivisorbfthenumberofthesecondcontainers). The transfer
symbol conversion unit 23 converts, based on the fourth transfer
rule, the transfer symbol 105 into a job of repeating a process
of transferring the process subject from the first container to
the intermediate container for all the first containers, and then
repeating a process of transferring the process subject from the
intermediate container to the second container for all the second
containers. In this example, the number of Petri dishes, which
are the first containers, is at least two, the number of the
microtubes, which are the second containers, is at least two,
and one of the numbers is not a multiple of the other. Thus,
the transfer rule setting unit 24 sets the fourth transfer rule.
Moreover, the transfer symbol conversion unit 23 converts, based
on the fourth transfer rule, the transfer symbol 105 into a job
of repeating, forall the Petridishes, theprocessof transferring
the process subject from the Petri dish to the intermediate
container, and then repeating, for all themicrotubes, the process
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of .transferring the process subject from the intermediate
container to the microtube. On this occasion, the intermediate
container may be any container as long as the container has such
a size as to contain the entire process subject contained in the
plurality of Petri dishes, and may not be a single container but
aplurality of containers. Moreover, as a method of distributing
the process subject from the intermediate container to the
plurality cf microtubes, the method described in the fifth example
may be employed. In other words, the distribution is the equal
distribution in principle, but the ratio of the distribution may
be set by the user, and the amount to be transferred from the
intermediate container may be an amount smallerbya certain amount
than theentire amount, suchas 90% of theprocess subject contained
in the intermediate container. 1In this way, with the transfer
symbol conversion unit 23 and the transfer rule setting unit 24
according to this embodiment, a job of collecting the process
subject tothe intermediate containeranddistributing theprocess
subject to a plurality of containers is generated.

FIG. 11 is a diagram for illustrating a seventh example
of the protocol chart acquiredby the operation command generation
device 1 according to this embodiment. A protocol represented
by the seventh example represents that, after Process A is executed
for a Petri dish, which is the first container, 100 ul of a content
is transferred to a microtube, which is the second container,
the Petridishisdiscarded, ProcessBisexecuted for themicrotube,
and the microtube is kept in the thermostatic bath at 4°C. On
this occasion, a number-of-containers symbol 108 including
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characters "x3" is associated with an initial symbol 100 of "Dish"
representing preparation of Petri dishes. The
number~-of-containers symbol 108 represents that the same process
is executed for the same type of three Petri dishes. Moreover,
a number-of-containers symbol 108 including characters "x6" is
associated with an initial symbol 100 of "Tube"” representing
preparation of microtubes. The number-of-containers symbol 108
represents that the same process is executed for the same type
of six microtubes.

The protocol chart of this example includes atransfer symbol
105. A number-of-transfers symbol 109 is associated with the
transfer symbol 105. Thenumber-of-transferssymbol109includes
the number (3) of the Petri dishes, which are the first containers,
and the number (6) of the microtubes, which are the second

containers. Specifically, the number-of-transfers symbol 109

. includes characters "3:6", and the number of containers of a

transfer source is represented on a left side of the characters,
and the number of contaiﬁers of a transfer destination is
represented on a right side of the characters.
AfifthpictogramllOeisassociatedwiththetransfer symbol
105. The fifth pictogram 110e is a sign of arrows each two of
which extend from one of two points arranged on the left side
of the figure toward two points out of four points arranged on
the right side of the figure. The number-of-transfers symbol
109 and the fifth pictogram 110e concisely represent a fifth
transfer rule for the case in which the process subject is
transferred from the three Petri dishes, which are the first
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containers, tothesixmicrotubes, whicharethe secondcontainers.
In this example, the fifth transfer rule means a transfer rule
of distributing, for each of all the sets including a single Petri
dish and two microtubes, 100 pl of the process subject from the
single Petri dish to the two microtubes.

The transfer rule setting unit 24 sets the fifth transfer
rule when the number of the first containers is at least two,
the number of the second containers is at least two, and the number
of the second containers is n (n: integer) times as many as the
number of the first containers. The transfer symbol conversion
unit 23 converts, based on the fifth transfer rule, the transfer
symbol 105 into a job of repeating a process of transferring the
process subject from a single first container to n second
containers for all the first containers and all the second
containers. In this example, the number of Petri dishes, which
are the first containers, is at least two, the number of the
microtubes, which are the second containers, i1s at least two,
and the number of the microtubes is twice as many as the number
of the Petri dishes. Thus, the transfer rule setting unit 24
sets the fifth transfer rule. Moreover, the transfer symbol
conversion unit 23 converts, based on the fifth transfer rule,
the transfer symbol 105 into a job of repeating, for all the Petri
dishes and all the microtubes, the process of transferring the
process subject fromone Petri dish to twomicrotubes. As amethod
of distributing the process subject from each of the Petri dishes
to a plurality of microtubes, the method described in the fifth
example of the protocol chart may be employed. In other words,
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the distribution 1is the equal distribution in principle.
Specifically, in this example, 50 pl of the process subject is
distributed from the first Petri dish to each of the first and
second microtubes, 50 pl of the process subject is distributed
fromthe second Petridishtoeachofthethirdand fourthmicrotubes,
and 50 ul of the process subject is distributed from the third
Petri dish to each of the fifth and sixth microtubes. Also in
this case, the respective transfér amounts to the containers of
the plurality of transfer destinations may be different from one
another based on specification by the user. 1In this way, with
the transfer symbol conversion unit 23 and the transfer rule
setting unit 24 according to this embodiment, when the process
subject 1is transferred from a plurality of containers to a
plurality of containers, a plurality of jobs of each transferring
the process subject from the single container to the plurality
of containers are generated.

FIG, 12 is a diagram for illustrating an eighth example
of the protocol chart acquired by the operation command generation
device 1 according to this embodiment. A protocol represented
by the eighth example represents that, after Process A is executed
for a Petri dish, which is the first container, 100 ul of a content
is transferred to a microtube, which is the second container,
the Petridishisdiscarded, ProcessBisexecuted for themicrotube,
and the microtube is kept in the thermostatic bath at 4°C. On
this occasion, a number-of-containers symbol 108 including
characters "x6" is associated with an initial symbol 100 of "Dish"
representing preparation of Petri dishes. The
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number-of-containers symbol 108 represents that the same process
is executed for the same type of six Petri dishes. Moreover,
a number-of-containers symbol 108 including characters "x3" is
assoclated with an initial symbol 100 of "Tube" representing
preparation of microtubes. The number-of-containers symbol 108
represents that the same process is executed for the same type
of three microtubes.

The protocol chart of thisexample includes atransfer symbol
105. A number-of-transfers symbol 109 is associated with the
transfer symbol 105. Thenumber-of-transferssymbol 109 includes
the number (6) of the Petri dishes, which are the first containers,
and the number (3) of the microtubes, which are the second
containers. Specifically, the number~of-transfers symbol 109
includes characters "6:3", and the number of containers of a
transfer source is represented on a left side of the characters,
and the number of containers of a transfer destination is
represented on a right side of the characters.

Asixthpictogram11l0f isassociatedwiththe transfer symbol
105. The sixth pictogram 110f is a sign of arrows each two of
which extend from two points out of four points arranged on the
left side of the figure toward one of two points arranged on the
right side of the figure. The number-of-transfers symbol 109
and the sixth pictogram 110f concisely represent a sixth transfer
rule for the case in which the process subject is transferred
from the six Petri dishes, which are the first containers, to
the three microtubes, which are the second containers. In this
example, the sixth transfer rule means a transfer rule of
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collecting, for each of all the sets including two Petri dishes
and a single microtube, 100 pl of the process subject from the
two Petri dishes to the single microtube.

The transfer rule setting unit 24 sets the sixth transfer
rule when the number of the first containers is at least two,
the number of the second containers is at least two, and the number
of the first containers is n (n: integer) times as many as the
number of the second containers. The transfer symbol conversion
unit 23 converts, based on the sixth transfer rule, the transfer
symbol 105 into a job of repeating a process of transferring the
process subject from n first containers to a single second
container for all the first containers and all the second
containers. In this example, the number of Petri dishes, which
are the first containers, 1s at least two, the number of the
microtubes, which are the second containers, is at least two,
and the number of the Petri dishes is twice as many as the number
of the microtubes. Thus, the transfer rule setting unit 24 sets
the sixth transfer rule. Moreover, the transfer symbol
conversion unit 23 converts, based on the sixth transfer rule,
the transfer symbol 105 into a job of repeating, for all the Petri
dishes and all the microtubés, the process of transferring the
process subject from two Petri dishes to one microtube.
Specifically, in this example, 100 ul of the process subject is
transferred from each of the first and second Petri dishes to
the first microtube, 100 pl of the process subject is transferred
from each of the third and fourth Petri dishes to tﬁe second
microtube, and 100 ul of the process subject is transferred from
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each of the fifth and sixth Petri dishes to the third microtube.
As a result, each of the three microtubes contains 200 pl of the
process subject. Inthisway, withthe transfer symbol conversion
unit 23 and the transfer rule setting unit 24 according to this
embodiment, when the process subject is transferred fverm a
plurality of containers to a plurality of containers, a plurality
of jobs of each transferringtheprocess subject fromthe plurality
of containers to the single container are generated.

FIG. 13 is a diagram for illustrating a ninth example of
the protocol chart acquired by the operation command generation
device 1 according to this embodiment. A protocol represented
by the ninth example represents that, after Process A is executed
for a Petri dish, which is the first container, 100 ul of a content
is transferred to a microtube, which is the second container,
the Petridishisdiscaxded, ProcessBis executed for themicrotube,
and the microtube is kept in the thermostatic bath at 4°C. On
this occasion, a number-of-containers symbol 108 including
characters "x3" is associatedwith an initial symbol 100 of "Dish"
representing preparation of Petri dishes. The
number-of-containers symbol 108 represents that the same process
is executed for the same type of three Petri dishes. Moreover,
a number-of-containers symbol 108 including characters "x2" is
associated with an initial symbol 100 of "Tube" representing
preparation of microtubes. The number-of-containers symbol 108
represents that the same process is executed for the same type
of two microtubes.

The protocol chartof thisexampleincludesatransfer symbol
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105. A number-of-transfers symbol 109 is associated with the
transfer symbol 105. Thenumber-of-transferssymbol109includes
the number (3) of the Petri dishes, which are the first containers,
and the number (2) of the microtubes, which are the second
containers. Specifically, the number-of-transfers symbol 109
includes characters "3:2", and the number of containers of a
transfer source is represented on a left side of the characters,
and the number of containers of a transfer destination is
represented on a right side of the characters.

A seventh pictogram 110g is associated with the transfer
symbol 105. The seventh pictogram 110g is a sign of four arrows
each extending from one of two points arranged on the left side

of the figﬁre toward two points arranged on the right side of

| the figure. The number-of-transfers symbol 109 and the seventh

pictogram 110g mean a transfer rule of distributing 100 pl of
the process subject from each of the first to third Petri dishes
to the first and second microtubes, which are the second
containers.

The transfer rule setting unit 24 sets a seventh transfer
rule when the number of the first containers is at least two,
the number of the second containers is at least two, and, for
example, application of the seventh transfer rule is explicitly
represented on the protocol chart, or such a setting is made in
advance that the seventh transfer rule is to be applied
preferentially over the first tosixth transfer rules. According
to this embodiment, the transfer rule setting unit 24
preferentially applies the seventh transfer rule over the first
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to sixth transfer rules, and hence, as described in this case,
applies the seventh transfer rule described below based on a state
inwhich the applicationof the seventh transfer ruleisexplicitly
represented by the seventh pictogram 110g. In contrast, the
transferrulesettingunit24maybeconfiguredtoapplythesevenfh
transfer rule preferentially, or may permit the selection of the
priorities of the transfer rules to be applied in response to
the setting by the user.

In this example, the application of the seventh transfer
rule is explicitly represented by the seventh pictogram 110g,
and the transfer symbol conversion unit 23 thus converts, based
on the seventh transfer rule, the transfer symbol 105 into a job
of repeating the process of transferring the process subject from
a single first container to all the second containers for all
the first containers. In this example, the transfer symbol
conversion unit 23, based on the seventh transfer rule, converts
the transfer symbol 105 into a job of repeating the process of
transferring the process subject from one Petri dish to all the
microtubes for all the Petri dishes. As amethod of distributing
the process subject fromeach of the Petri dishes to the plurality
of microtubes, the method described in the fifth example of the
protocol chart may be employed. Inother words, thedistribution
is the equal distribution in principle. Specifically, in this
example, 50 pl of the process subject may be transferred from
the first Petri dish to each of the first and second microtubes,
50 pl of the process subject may be transferred from the second
Petri dish to each of the first and second microtubes, and 50
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ul of the process subject may be transferred from the third Petri
dish to each of the first and second microtubes. As a result,
each of the microtubes contains 150 ul of the process subject.
Moreover, such a point that the respective transfer amounts to
the containers of the plurality of destinations may be different
from each other based on specification by the user and the like
are the same as those in the examples described above. 1In this
way, with the transfer symbol conversion unit 23 and the transfer
rule setting unit 24 according to this embodiment, a Jjob of
transferring the process subject respectively from a plurality
of containers to a plurality of containers is generated.

FIG. 14 is a diagram for illustrating a tenth example of
the protocol chart acquired by the operation command generation
device according to the embodiment of the present invention. The
protocol chart of the tenth example represents a protocol of
executing Process A and Process B for two microtubes, and then
respectively storing the twomicrotubes in the thermostatic baths
at 4°C.

Inthis example, aconsecutive processsymbol 11lisarranged
so as to be associated with two process symbols 103 representing
Processes A and B. The consecutive process symbol 111 is
representedbya frame line formed by broken lines, and association
between the process symbols 103 and the consecutive process symbol
111 isexplicitly representedbyenclosing the twoprocess symbols
103 représenting Processes A and B with the frame line. The
consecutive process symbol 111 encloses the process symbols 103
to be consecutively executed with the frame line, to thereby
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explicitly represent that the process symbols 103 are to be
consecutively executed for a single container (in this example,
a single microtube).

In this example, the number-of-containers symbol 108 is
arranged so as to be associated with an initial symbol 100. The
number—-of-containers symbol 108 of this example includes
characters "x2", andexplicitlyrepresentsthat theinitial symbol
100 corresponds to two containers. The number-of-containers
extraction unit 14 extracts two, which is the number of the
containers associated with the initial symbol 100. The process
symbol conversion unit 16 converts process symbols representing
Processes A and B into jobs of Processes A and B to be executed
for each of the two microtubes.

The execution order of the jobs is defined while two sets
including the initial symbol 100 in which "Tube" is written, a
final symbol 101, and a procedure line 102 connecting the both
symbols to each other are considered to be arranged as being
separated from each other in the second direction and arranged
at the same position in the first direction. On this occasion,
the consecutive process setting unit 19 makes such a setting that
processes represented by the plurality of process symbols with
which the consecutive process symbol 111 is associated are to
be consecutively executed. The process symboi conversion unit
16 receives this setting, to thereby convert the plurality of
symbols into jobs to be consecutively executed for a single
container. Inthisexample, the consecutive process settingunit
19 makes such a setting as consecutively executing Processes A
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andB for the firstmicrotubeandconsecutivelyexecutingProcesses
A and B for the second microtube. Moreover, the process symbol
conversion unit 16 converts the two process symbols representing
Processes A and B into jobs of executing Processes A and B
consecutively for the first microtube, and then executing
Processes A and B consecutively for the second microtube. 1In
this way, with the consecutive process setting unit 19 according
to this embodiment, jobs to be consecutively executed for a single
container are generated.

FIG. 15 is a diagram for illustrating an eleventh example
of the protocol chart acquiredby the operation command generation
device 1 according to the embodiment of the present invention.
The protocol chart of the eleventh example represents a protocol
of executing an agitation process (process represented as "MIX")
for a single microtube, and, simultaneously in parallel with the
agitation process, executing Processes A and B and a storage
process of storing the microtube in the thermostatic bath at 4°C
for each of eight microtubes, which are other containers.

In this example, a parallel process symbol is arranged so
as to be associated with the process symbols 103 representing
Processes A and B for the eight microtubes. The parallel process
symbol includes a parallel process start point symbol 112, a
parallel process section symbol 113, and a parallel process end
point symbol 114. The parallel process start point symbol 112
representsastartpointofasectioninwhichtheagitationprocess,
which is a second process, and Processes A and B, which are first
processes, are to be executed simultaneously in parallel. The
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parallel process start point symbol 112 represents that the second
process 1s the agitation process to be executed for one hour by
using the agitator ("Vortex, 1 [h]"). Theparallel process start
point symbol 112 is arranged so as to be separated toward the
initial symbol 100 side with respect to the process symbol 103
of Process A in the first direction. With this arrangement, the
parallel process start point symbol 112 explicitly represents
a start point of the section in which the parallel process is
to be executed.

The parallel process section symbol 113 represents the
section in which the first processes and the second process are
to be executed simultaneously in parallel in the first direction.
In this example, the parallel process section symbol 113 is
represented by a frame line formed by broken lines, and occupies
a certain range in the first direction. The process symbol 103
of Process A, the process symbol 103 of Process B, and the final
symbol 101 for the eight microtubes are arranged so as to be
separated from the parallel process section symbol 113 in the
second direction in the range occupied by the parallel process
sectionsymbol 113 inthe firstdirection. Withthis arrangement,
Processes A and B and the storage process are explicitly
represented as the parallel processes to be executed
simultaneously in parallel with the agitation process.

The parallel process end point symbol 114 represents an
end point of the section in which the agitation process, which
is the second process, and Processes A and B, which are the first
processes, are to be executed simultanecusly in parallel. The
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parallel process end point symbol 114 represents that the second
process is the agitation process to be executed for one hour by
using the agitator ("Vortex, 1 [h]"™). The parallel process end
point symbol 114 is arranged so as to be separated on a final
symbol 101 side for the single microtube with respect to the final
symbol 101 representing the storage process for the eight
microtubes. With this arrangement, the parallel process end
pointsymbol114expliéitlyrepreséntsanendpointofthesection
in which the parallel process is to be executed.

The parallel process setting unit 18 makes such a setting
that the first processes represented by the process symbol with
which the parallel process symbol is associated and the second
process are to be executed simultaneously in parallel. The
process symbol conversion unit 16 converts, based on the setting
by the parallel process setting unit 18, the process symbols intoc
jobs to be executed simultaneously in parallel with the second
process. In this example, the parallel process setting unit 18
makes such a setting that Processes A and B represented by the
process symbols 103 with which the parallel process symbol is
associated and the agitation process are to be executed
simultaneously in parallel. Moreover, the process symbol
conversion unit 16 converts the process symbols 103 representing
Processes A and B into jobs of Processes A and B for the eight
microtubes to be executed simultaneously with the agitation
process based on the setting by the parallel process setting unit
18. Moreover, in this example, the final symbol conversion unit
15 converts the final symbol 101 for the eight microtubes into
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a job of storing the eight microtubes in the thermostatic bath
at 4°C simultaneously in parallel with the agitation process
executed by the agitator 8 for the single microtube. In this
way, with the parallel process setting unit 18 according to this
embodiment, jobs to be executed simultaneously in parallel with
each other are generated.

FIG. 16 is a diagram for illustrating a twelfth example
of the protocol chart acquiredby the operation command generation
device 1 according to the embodiment of the present invention.
The protocol chart of the twelfth example represents a protocol
of executing Processes A and B for a single microtube on a magnet
rack ("Mag Rack"), and then storing the microtube in the
thermostatic bath at 4°C. A magnetic force acts on a container
placed on the magnet rack in a certain direction, and a content
of the container is separated into components attracted by the
magnetic force and components not attractedby the magnetic force.
When a process is executed while a content of the container is
separated into a plurality of components, the magnet rack is
selected as a place for executing the process.

An area symbol includes an area start point symbol 115 and
an area end point symbol 116. The area symbol represents an area
inwhichprocesses foracontaineristobe executed, andisarranged
so as to be associated with process symbols 103 representing the
processes. In this example, the area start point symbol 115 and
the area end point symbol 116 represent the magnet rack, which
is the area in which the processes for the container are to be
executed, by using the characters "Mag Rack". 1In this example,
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the area start point symbol 115 and the area end point symbol
116 are arranged on both sides of the process symbols 103 for
Processes A and B, which are process symbols for which the work
area is specified, inthefirst direction. Withthisarrangement,
the association between the area symbol and the process symbols
are explicitly represented, and the processes to be executed iﬁ
a specific area are explicitly represented.

The work area setting unit 20 sets a work area in which
processes represented by process symbols with which an area symbol
is associated are to be executed. The process symbol conversion
unit 16 converts the process symbols into jobs to be executed
in the work area set by the work area setting unit 20 based on
the setting by the work area setting unit 20. In this example,
the work area setting unit 20 sets the magnet rack as the work
area in which Processes A and B represented by the process symbols
103 with which the area symbol is associated are to be executed.
Moreover, the process symbol conversion unit 16 converts the
process symbols 103 representing Processes A and B into the jobs
of Processes A and B to be executed on the magnet rack based on
the setting by the work area setting unit 20. In this way, the
work area setting unit 20 according to this embodiment sets a
work area in which jobs are to be executed.

The operation command generated by the operation command
generation unit 12 as described above is provided to the robot
controller 2. The robot controller 2 rewrites the operation
command into data which can be read by the robot 3 depending on
necessity, to thereby control the operation of the robot 3. The
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robot 3 executes the protocol represented by the protocol chart
under the control of the robot controller 2. On this occasion,
in some cases, before the protocol is actually executed, a time
required for execution of the protocol needs to be acquired, to
thereby check the time required for the execution of the protocol
in advance. The operation command generation device 1 according
to this embodiment uses the execution time calculation unit 25
to calculate the time required for execution of jobs generated
based on the protocol chart. The execution time calculation unit
25 simulates the operation of the robot 3, to thereby calculate
the time required for execution of the protocol; Moreover, the
execution time calculationunit 25maydefine a standardexecution
time for each job, and refer to the standard execution times of
respective jobs acguired by converting respective elements on
the protocol chart, to thereby calculate a time required for all
the jobs.

FIG. 17 is a first flowchart for illustrating operations
of the operation commandvgeneration unit 12 according to this
embodiment.

First, in Step ST10, the operation command generation unit
12 reads a protocol chart acquired by the protocol chart
acquisition unit 11. Then, in Step ST1l, whether the number of
containers is associated with an initial symbol described in the
read protocol chart or not is determined. Whether the number
of containers is associated with the initial symbol or not may
be determinedbased on absence/presence of a number-of-containers
symbol, or by reading a parameter accompanying the initial symbol.
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When the number of containers is associatedwith the initial
symbol, in Step ST12, the number-of-containers extraction unit
14 extracts the number of containers associated with the initial
symbol. Then, in Step ST13, the initial symbol conversion unit
13 converts the initial symbol described on the protocol chart
into a job of preparing the containers for containing a process
subject.

Then, in Step ST14, whether or not a process symbol or a
transfer symbol that has not been converted into a job exists
on the protocol chart is determined. When an unconverted process
symbol or transfer symbol exists, in Step ST15, whether the
unconverted symbol is a process symbol or a transfer symbol is
determined. When the unconverted sympol is a transfer symbol,
the operation command generation unit 12 proceeds to processing
illustrated in FIG. 19. On the other hand, when the unconverted
symbol is a process symbol, the operation command generation unit
12 proceeds to Step ST16, and the process symbol position
specificationunit 22 specifies at least twoprocess symbols equal
to each other in the arrangement position in the first direction.
Then, in Step ST17, the execution order determination unit 21
determines an execution order of a plurality of process symbols
based on respective arrangement positions of the plurality of
process symbols on the protocol chart. On this occasion, when
at least two process symbols are specified by the process symbol
position specificationunit 22, the execution order determination
unit 21 determines an execution order of the specified at least
two process symbols based on the arrangement positions in the
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second direction. Then, the operation command generation unit
12 proceeds to processing described in a next flowchart.

In Step ST14, when it is determined that a process symbol
or a transfer symbol that has not been converted into a job does
not exist on the protocol chart, in Step ST18, the final symbol
conversion unit 15 converts a final symbol into a job of executing
a final process for the container. Then, the generation of the
operation command by the operation command generation unit 12
is finished.

FIG. 18 is a second flowchart for illustrating operations
of the operation command generation unit 12 according to this
embodiment. The second flowchart is an illustration of a series
of processes executed after the execution order of the process
symbols is determined in Steps ST15 to ST17 illustrated in FIG.
17.

First, in Step ST20, the operation command generation unit
12 determines whether the number of containers associated with
the initial symbol has been extracted by the number-of-containers
extraction unit 14 or not. When the number of the containers
has been extracted, in Step ST21, the process symbol conversion
unit 16 makes such a setting that a process symbol associated
with the initial symbol is converted into as many jobs as the
extracted number of containers.

.Then, in Step ST22, the operation command generation unit
12 determines whether a process symbol with which a repetition
line is associated exists or not. When a process symbols with
which a repetition line is associated exists, in Step ST23, the
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repetition setting unit 17 sets the number of repetitions of the
process symbol with which the repetition line is associated.

Then, in Step ST24, the operation command generation unit
12 determines whether a process symbol with which a parallel
process symbol is associated exists or not. When aprocess symboel
with which a parallel process symbol is associated exists, in
Step ST25, theparallel processsettingunit 18makes suchasetting
that a first process represented by the process symbol with which
the parallel process symbol is associated and a second process
are to be executed simultaneously in parallel.

Then, in Step ST26, the operation command generation unit
12 determines whether a plurality of process symbols with which
a consecutive process symbol is associated exist or not. When
a plurality of process symbols with which a consecutive process
symbol is associated exist, in Step ST27, the consecutive process
setting unit 19 makes such a setting that processes represented
by the plurality of process symbols with which the consecutive
process symbol is associated are to be consecutively executed.

Further, in Step ST28, the operation command generation
unit 12 determines whether a process symbol with which an area
symbol is associated exists or not. When a process symbol with
which an area symbol is associated exists, in Step ST29, the work
area settingunit 20 sets aworkareainwhichaprocess represented
by the process symbol with which the area symbol is associated
is to be executed.

Finally, in Step ST30, the process symbol conversion unit
16 converts the process symbol into a job based on the setting
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of the number of containers, the setting of the repetition process
by the repetition setting unit 17, the setting of the parallel
process by the parallel process setting unit 18, the setting of
the consecutive process by the consecutive process setting unit
19, and the setting of the work area by the work area setting
unit 20. Then, the operation command generation unit 12 returns
to Step ST14, and continues the conversion until an unconverted
process symbol or transfer symbol no longer exists.

FIG. 19 is a third flowchart for illustrating operations
of the operation command generation unit 12 according to this
embodiment. The third flowchart is an illustration of a series

of processes executed when the unconverted symbol is determined

to be a transfer symbol in Step ST15 of FIG. 17.

First, in Step ST40, the operation command generation unit
12 determines whether the number of first containers, which are
containers of a transfer source, is at least two or not. When
the number of the first containers is at least two, in Step ST41,
whether the number of second containers, which are containers
of a transfer destination, is at least two or not is determined.

When the number of the first containers is at least two,
and the number of the second containers is not at least two, that
is, the number of the first containers is at least two, and the
number of the second containers is one, in Step ST42, the transfer
rule setting unit 24 sets the second transfer rule. Then, in
StepST43,thetransfersymbolconversionunit23converts,based
on the second transfer rule, the transfer symbol into a job of
repeating the process of transferring the process subject from

65



10

15

20

25

the first container to the second container for all the first
containers. Then, the operation command generation unit 12
returns to Step ST14, and continues the conversion until an
unconverted process symbol or transfer symbol no longer exists.

On the other hand, when the number of the first containers
is at least two, and the number of the second containers is at
least two, in Step ST44, the operation command generation unit
12 determines whether the number of the first containers and the
number of the second containers are equal to each other or not.
When the number of the first containers and the number of the
second containers are equal to each other, in Step ST45, the
transfer rule settingunit 24 sets the first transfer rule. Then,
in Step ST46, the transfer symbol conversion unit 23 converts,
based on the first transfer rule, the transfer symbol into a job
of repeating the process of transferring the process subject from
the first container to the second container in a one-to-one manner
asmany times as the number of the containers. Then, the operation
command generation unit 12 returns to Step ST1l4, and continues
the conversion until an unconverted précess symbol or transfer
symbol no longer exists.

Moreover, in Step ST40, when the number of the first
containers is determined not to be at least two, in Step ST47,
whether the number of the second containers is at least two or
not is determined. Then, when the number of the second containers
is determined to be at least two, that is, the number of the first
containers is one, and the number of the second containers is
at least two, in Step ST48, the transfer rule setting unit 24
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sets the third transfer rule. Then, in Step ST49, the transfer
symbol conversion unit 23 converts, based on the third transfer
rule, the transfer symbol into a job of repeating the process
of transferring the process subject from the first container to
the second container for all the second containers. Then, the
operation command generation unit 12 returns to Step ST14, and
continues the conversion until an unconverted process symbol or
transfer symbol no longer exists.

On the other hand, in Step ST47, when the number of the
second containers is determined not to be at least two, that is,
the number of the first containers is one, and the number of the
second containers is one, in Step ST50, the transfer symbol
conversion unit 23 converts the transfer symbol into a job of
transferring the process subject from the first container to the
second container. Then, the operation command generation unit
12 returns to Step ST14, and continues the conversion until an
unconverted process symbol or transfer symbol no longer exists.

Further, inStepST44, whenthenumberofthe first containers
and the number of the second containers are determined not to
be equal to each other, in Step ST51, whether the number of the
second container is an integral multiple of the number of the
first containers or not is determined. When the number of the
second containers is determined to be an integral multiple of
the number of the first containers, that is, the number of the
first containers is at least two, the number of the second
containers is at least two, and the number of the second containers
is an integral multiple of the number of the first containers,
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in Step ST52, the transfer rule setting unit 24 sets the fifth
transfer rule. Then, the transfer symbol conversion unit 23
converts, based on the fifth transfer rule, the transfer symbol
into a job of repeating the process of transferring the process
subject froma single first container to as many second containers
as the integer for all the first containers without an overlap
in terms of the second container. Then, the operation command
generation unit 12 returns to Step ST14, and continues the
conversionuntil an unconverted process symbol or transfexr symbol
no longer exists.

In Step ST51, when the number of the second containers is
determined not to be an integral multiple of the number of the
first containers, in Step ST54, whether the number of the first

containers is an integral multiple of the number of the second

containers or not is determined. When the number of the first

containers is determined to be an integral multiple of the number
of the second containers, that is, the number of the first
containers is at least two, the number of the second containers
is at least two, and the number of the first containers is an
integral multiple of the number of the second containers, in Step
ST55, the transfer rule setting unit 24 sets the sixth transfer
rule. Then, the transfer symbol conversion unit 23 converts,
based on the sixth transfer rule, the transfer symbol into a job
of repeating the process of transferring the process subject from
asmany first containersastheintegertoasingle secondcontainer
for all the second containers without an overlap in terms of the

first container. Then, the operation command generation unit
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12 returns to Step ST14, and continues the conversion until an
unconverted process symbol or transfer symbol no longer exists.

When, in Step ST54, the number of the first containers is
determined not to be an integral multiple of the number of the
second containers, that is, the number of the first containers
is at least two, and the number of the second containers is at
least two, in Step 8T57, the transfer rule setting unit 24 sets
the fourth transfer rule or the seventh transfer rule. On this
occasion, which of the transfer rules is set is defined based
on a command from the user of the operation command generation
device 1. Note that, also in Steps ST52 and ST55, the fourth
transfer rule or the seventh transfer rule may be set based on
a command from the user. When the fourth transfer rule is set
in Step ST57, in Step ST58, the transfer symbol conversion unit
23 converts, basedon the fourth transfer rule, the transfer symbol
into a job of repeating the process of transferring the process
subject from the first container to the intermediate container
for all the first containers, and then repeating the process of
transferring the process subject from the intermediate container
to the second container for all the second containers. On the
other hand, when the seventh transfer rule is set in Step ST57,
in Step ST58, the transfer symbol conversion unit 23 converts,
based on the seventh transfer rule, the transfer symbol into a
job of repeating the process of transferring the process subject
from a single first container to all the second containers for
all the first containers. Then, the operation command generation

unit 12 returns to Step ST14, and continues the conversion until
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anunconvertedprocess symbol or transfer symbol no longer exists.

Each of the configurations in the embodiment above is
described as a specific example, and the invention disclosed in
this specification is not intended to be limited to those specific
configurations themselves. Various modifications may be made
by a person skilled in the art to the disclosed embodiment. For
example, the functions, the operation method, and the like may
be appropriately changed and added. Further, the control
illustrated in the first to third flowcharts may also be
appropriately replaced by one having the same functions. It is
intended that the technical scope of the invention disclosed in

this specification cover all such modifications.
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CLAIMS

1. An operation command generation device, comprising:

an execution order determination unit configured to deter-
mine, based on respective arrangement positions of a
plurality of process symbols each representing a pro-
cess for a process subject on a protocol chart compris-
ing the plurality of process symbols, an execution order
of the plurality of process symbols; and

a process symbol conversion unit configured to respec-
tively convert the plurality of process symbols into jobs
for a process system comprising at least a robot so that
processes represented by the plurality of process sym-
bols are executed in the execution order determined by
the execution order determination unit; ,

wherein the protocol chart further comprises an initial
symbol with which at least one process symbol is
associated, the initial symbol representing a container
for the process subject,

wherein some of the process symbols are arranged along
a first direction from the initial symbol,

wherein another initial symbol is arranged being separate
from the initial symbol in a second direction intersect-
ing the first direction, and the former initial symbol and
the latter initial symbol represent different containers,
and

wherein the execution order of the processes represented
by the process symbols arranged at equal position in the
first direction is determined according to their position
in the second direction.

2. The operation command generation device according to

claim 1,

wherein the operation command generation device further
comprises an initial symbol conversion unit configured
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to convert the initial symbol into a job of preparing the
container for containing the process subject,
3. The operation command generation device according to
claim 1,
wherein the protocol chart further comprises an initial
symbol with which at least one process symbol is
associated, the initial symbol representing a container
for the process subject,
wherein the operation command generation device further
comprises a number-of-containers extraction unit con-
figured to extract a number of containers associated
with the initial symbol based on the protocol chart, and
wherein the process symbol conversion unit is further
configured to convert the process symbol associated
with the initial symbol into as many jobs as the number
of containers extracted by the number-of-containers
extraction unit.
4. The operation command generation device according to
claim 1,
wherein the protocol chart further comprises a parallel
process symbol arranged so as to be associated with a
process symbol,
wherein the operation command generation device further
comprises a parallel process setting unit configured to
make such a setting that a first process represented by
the process symbol and a second process are to be
simultaneously executed in parallel, and
wherein the process symbol conversion unit is further
configured to converf, based on the setting by the
parallel process setting unit, the process symbol into a
job to be simultaneously executed in parallel with the
second process.
5. The operation command generation device according to
claim 1,
wherein the protocol chart further comprises an area
symbol arranged so as to be associated with the process
symbol,
wherein the operation command generation device further
comprises a work area setting unit configured to set a
work area in which the process represented by the
process symbol is to be executed, and
wherein the process symbol conversion unit is further
configured to convert, based on the setting by the work
area setting unit, the process symbol into a job to be
executed in the work area.
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6. The operation command generation device according to
claim 1,

wherein the protocol chart further comprises a repetition

line arranged so a8 1o be associated with the process
symbol,

wherein the operation command generation device further

comprises a repetition setfing unit configired to set a
mumber of repetitions of the process symbol, and
wherein the process symbol conversion undt is further
configured to convert the process symbol into a job to
be repeated as many times as the mumber of repetitions,
7. The operation command generation device according to
elaim 1,
wherem the pmh:ml chart further comprises a final sym-
bol representing a final state of the container, and

wherein the operation command generation device farther
comprises a final symbol conversion unit configured to
convert the final symbol into a job of executing a final
process for the container.

8. The operation command generation device according to
claim 1, further comprising an exerution time calenlation
unit configured to calculate a time required for execution of
the job generated based on the protocol chart.

9. A non-transitory computer-readahle storage medium
storing a computer program for causing a computer to
function as the operation command generstion device of
claim 1.

10. The operation command generation device according
1o claim 1, further comprising a process symbol position
specification unit configured fo specify at least two process
symbols equal to each other in the arrangement position in
the first direction out of the plurality of process symbols,

~ wherein the execution order determination unit is further
configured to determine an execution order of the at
least two process symbols specified by the process
symbol position specification unit based on the arrange-

- ment positions of the at least two process symbols in

the second direction intersecting the first direction.
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11. The operation command generation device according
to claim 10,

wherein the protocol chart further comprises a consecu-

tive process symbol arranged s0 35 fo be associated
with a plurality of process symbols,

wherein the operation command generation device further

comprises a consecutive process setting unit configured
to set consecutive execution of processes represented
by the plurahty of process symbols, and

wherein the process symbol conversion unit is further

configured to convert, based on the setting by the
consecutive process setting unit, the plurality of pro-
cess symbols into jobs to be consecutively executed for
a single container.

12. The operation command g&nemmﬂ device according
to claim 1,

wherein the protocol chart further comprises a transfer

symbol representing a transfer process of transferring
the process subject from g first container to a second
sontainer, and

wherein the operation command generation device further

comprises a transfer symbol conversion unit configured
to convert the transfer symbol into a job of transferring
the process subject from the first container to the
second container.

13. The operation command generation device acmrdmg
to claim 12, forther comprising a transfer rule setting unit
configured to set a first transfer rule when a number of the
first containers and a number of the second containers are
equal to each other,

wherein the transfer symbol conversion unit is further

configured to convert, based on the first transfer rule,

the transfer symbol into a job of repeating a process of

transferring the process subject from the first container

to the second contaiper in a one-to-0ne MANNEr as many
times as the number of the first containers.
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14, The operation command generation device sccording
to clain 12, finther comprising a transfer rule setting unit
configured to set a second transfer rule when a number of the
first containers is at least two and the mumber of the second
comtainers 18 one,

wherein the transfer symbol conversion wmit is forther

configured to convert, based on the second transfer
rule, the transfer symbol into a job of repeating a
process of transferring the process subject from the first
container to the second container for all the first con-
tainers. ,

15. The operation command generation device according
to claim 12, further comprising a trapsfer mle setting vnit
configured to set a third transfer rule when a number of the
first containers is one and a number of the second containers
is at least two,

wherein the transfer symbol conversion unit is further

configured to convert, based on the third ransfer rule,
the transfer symbol into a job of repeating a process of
transferring the process subject from the first container
to the second container for all the second containers.

16. The operstion command generation device according
to claim 12, further comprising a transfer rule sefting unit
configured to set a fourth transfer rule when a number of the
first containers is at least two.and a number of the second
containers is af least two,

wherein the transfer symbol conversion nuit is fartl

configured to convert, based on the fourth transfer mle,
the transfer symbol into a job of repeating a process of
transferring the process subject from the first container
to an intermediate container for all the first containers,
and then repeating a process of transferring the process
subject from the intenmediate container to the second
container for all the second containers.
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17. The operation comenand generation device according
to claim 12, further comprising a transfer rule setting unit
configured to set a fifth fransfer rule when a number of the
first containers s at least two, a number of the second
containers is at lesst two, and the number of the second
coptainers is n times as many s the number of the first
containers, where p is an infeger,

wherein the transfer symbol conversion unit is further

configured to convert, based on the fifth transfer mle,
the transfer symbel into a job of repeating a process of
wransferring the process subject from a single first
container fo n second containers for all the first con-
tainers and all the second containers.

18. The operation command generation device according
ta claim 12, further comprising a transfer rule setting unit
configtired to set a gixth transfer rule when a number of the
first containers is at least two, a number of the second
containers is at least two, and the number of the first
containers is n times as many as the nomber of the second
containers, where n is an integer,

wherein the trapsfer symbol conversion unit is further

configured to convert, based on the sixth transfer rule,
the transfer symbeol info a job of repeating a process of
transferring the process subject from n first containers
to a single second container for all the first containers
and all the second containers.

19, The operation command generation device according
to claim 12, further comprising 2 transfer mle setting unit
configured to set a seventh transfer rule when a number of
the first cantainers is at least two and a number of the second
containers is at least two,

wherein the transfer symbol conversion unit is further

configured to convert, based on the seventh transfer
rule, the transfer symbol into a job of repeating a
process of transferring the process subject from a single
first container to all the second containers for all the
first containers.
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20, An operation command generation method, compris-

ing:

determining, based on respective arrangement positions
of a plurality of process symbols each representing a
process for a process subject on a protocol chart
eompri sing the plurality of process symbols, an execu-
tion order of the plurality of process symbols; and

tespectively converting the plurality of process symbols
tw jobs for a process system comprising at least a robot
s that processes represented by the plurality of process
symbols are executed in the execution order determined
in the determining of the execution order,

wherein the protocol chart forther comprises an indtial
symbol with which at least one process symbol is
associated, the initial symbol representing a container
for the process subject,

wherein some of the process symbols are arranged along
a first direction from the initial symbol,

wherein another initial symbol is arranged being separate
from the initial symbol in a second direction intersect-
ing the first direction, and the former initial symbol and
mfi latter initial symbol represent different containers,
and

wherein the execution order of the processes represented
by the process symbols arranged at equal position in the
first direction is determined according to their position
in the second direction.

21. A process system, comprising:

the operation command generation device of claim 1;

a robot controller configured to control a control wb;ec:t
based on an operation command generated by the
operation command generation device; and

a robot configured to carry out 8 process onl a process
subject, the robot being controlled by the robot con-
troller.
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