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ENGINEERING APPARATUS, ENGINEERING
METHOD, AND STORAGE MEDIUM

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an engineering
apparatus, an engineering method, and a storage medium.

[0002] The present application claims priority based on
Japanese patent application 2017-024086, filed on Feb. 13,
2017 and includes herein by reference the content thereof.

Description of Related Art

[0003] An industrial plant generally requires continuous
operation over a long period. For example, there are cases in
which operations of 24 hours a day and 365 days a year for
30 years are set as a principle. Meanwhile, compared to the
long period of years over which an industrial plant operates,
technology trends and business environments quickly
change in a short period, and there are cases in which
following and responding to such changes is necessary and
appropriate. Conventionally, when engineering data is cor-
rected, the operation of a plant is stopped, and the engineer-
ing data is corrected and changed. However, there are cases
in which the correction of engineering data is requested
frequently. Meanwhile, it is important to improve the opera-
tion rate of a plant from a business aspect, and there are
cases in which stopping the operation of the plant every time
the engineering data is corrected or changed is a problem. In
order to solve this, for example, an online maintenance
technology enabling a correction and a change in engineer-
ing data while maintaining the operation of an industrial
plant has been proposed as in the inventions disclosed in
Japanese Patent No. 3796645 (hereinafter, referred to as
Patent Document 1) and Japanese Unexamined Patent
Application, First Publication No. 2000-172303 (hereinaf-
ter, referred to as Patent Document 2).

[0004] According to such an online maintenance technol-
ogy, while engineering data can be corrected or changed in
a timely manner without stopping the operation of a plant,
engineering data after change is applied to facility devices
configuring the plant that are in the middle of operation. For
this reason, there are cases in which there is a negative
impact on the operation of a plant due to a malfunction of the
operation of each device occurring in accordance with the
correction or the change. For example, for an extension or an
alteration of a facility device for operating a plant, in a case
in which the amount of the extension or the alteration is
relatively large, there are cases in which directly performing
engineering using the online maintenance technology has
negative impact on the operation of a plant. Accordingly, in
a replicated system of a control system realizing the opera-
tion of a plant, online maintenance is performed after the
operation after the correction or change of the engineering
data is checked.

[0005] In recent years (as of 2017), particularly, the
amount of alteration or the complexity has been increasing
due to increases in the scale, the complexity, and the like of
plants, and there are cases in which a malfunction or the like
after a correction or change has increased.

[0006] In Patent Document 1, an online maintenance
method of decreasing the amount of data and a reflection
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time by limiting engineering data to be reflected in a control
apparatus to a corrected or changed range has been dis-
closed.

[0007] As described above, after engineering data cor-
rected or changed through engineering is reflected in a
control system, it is important to check that no malfunction
occurs in the operation in advance. In Patent Document 2, it
has been described that a difference between a database
generated by re-evaluating sources at the time of online
maintenance and an existing database inside a control station
is detected, and a warning relating to an operation occurring
due to the difference is displayed on a display. By using such
a method, a local problem at the time of execution of online
maintenance can be solved. However, according to the
advance in technologies, the scale of the control system
becomes large, and the control system becomes compli-
cated. An industrial plant that is a control target needs to be
reformed in accordance with rapid changes in business
environments. In other words, it is important to follow and
respond to changes in the technology trends and the business
environments.

[0008] In this case, there are cases in which engineering
data is requested to be corrected or changed in accordance
with the extension or alteration of an industrial plant. The
correction or change of the engineering data is generally
performed in a replicated control system that is a separate
control system simulating an on-site control system. This is
because there is no direct negative impact on the operation
of'a plant due to a malfunction of each device occurring due
to a correction or a change, in other words, there is no direct
negative impact on the on-site control system. The on-site
control system represents a control system controlling the
operation of an industrial plant that is actually operated. As
engineering data that is a target to be corrected or changed,
a replication of engineering data applied in the on-site
control system is used. There are cases in which an operation
checking test is performed using a control system including
devices similar to those of the on-site control system or a
simulator that calculates measured values acquired by the
on-site control system as a replicated control system. Then,
when a correction or a change occurs, a corrected file in
which engineering data relating to the correction or change
is stored is transferred to and reflected in the on-site control
system, and the operation is checked in the on-site control
system.

SUMMARY OF THE INVENTION

[0009] After engineering is completed in the replicated
control system, it is necessary for an engineer to individually
extract each change point that is necessary to be reflected in
the on-site control system. In this process, there is a possi-
bility of an error occurring in an operation due to a human
error or the like. There are cases in which considerable time
is consumed for the extraction. The number of files to be
corrected tends to increase in accordance with an increase in
the scale and the complexity of the control system. For this
reason, there are cases in which, between the on-site control
system and the replicated control system, the loss, alteration,
leakage, and the like in the process of delivery or transmis-
sion of the engineering data are occurred. There is a possi-
bility that, before corrected content according to the engi-
neering is reflected in the on-site control system, the
engineering data after correction may be reflected in the
on-site control system in a state in which data mismatching
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occurs without a difference from latest engineering data
being detected in the on-site control system. However, such
a possibility, for example, may occur in a case in which
engineering data is changed in the on-site control system
independently from the replicated control system. Since the
plant is in the middle of operation, after the engineering data
is corrected or changed in the replicated control system, the
engineering data may be updated for each day in the on-site
control system. According to such an update, there is also a
possibility of data mismatching.

[0010] One aspect of the present invention provides an
engineering apparatus, an engineering method, and a storage
medium capable of improving the efficiency of an engineer-
ing operation, in other words, enabling an operation in a
short time by accurately recognizing a change point at which
reflection is required in a short time and reducing an error in
the engineering operation such as transition and reflection of
data.

[0011] An engineering apparatus that is used for support-
ing engineering of facilities in an industrial plant according
to a first aspect of the present invention may include a
storage storing a first data file group including first data files,
the first data files including element information indicating
one or a plurality of functional blocks that are constituent
elements of a control logic for controlling operation of the
industrial plant, a processor configured to change the ele-
ment information included in the first data files, and a
determiner configured to acquire a second data file group
including second data files, the second data files including
the changed element information in another engineering
apparatus, extract differential files including the changed
element information from each of the first data file group and
the second data file group, and determine whether there is
mismatching between functional blocks indicated by the
element information included in the differential files.
[0012] In the above described engineering apparatus, the
determiner may be configured to determine whether there is
mismatching in an input and output path between the
functional blocks.

[0013] In the above described engineering apparatus, the
mismatching between the functional blocks may indicate
overlapping names of the functional blocks or inappropri-
ateness of a type of a functional block that is an input or
output connection target designated in the input and output
path. The mismatch of the input and output path between the
functional blocks may indicate a state including at least one
of overlapping and missing of functional blocks that are
input or output connection targets designated in the input
and output path.

[0014] In the above described engineering apparatus, the
storage may store a definition file including previously
defined information, the previously defined information
indicating a part of input and output paths between the
functional blocks. Each of the first data file group and the
second data file group may include an individual file includ-
ing information of another part of the input and output paths.
The determiner may be configured to detect mismatching
between the input and output paths from the information of
the another part of the input and output paths included in the
individual file among the differential files.

[0015] In the above described engineering apparatus, the
data file may be formed for each control loop of a control
apparatus used for controlling operation of the industrial
plant.
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[0016] In the above described engineering apparatus, the
data file may be formed for each combination of a plurality
of control loops of a control apparatus used for controlling
operation of the industrial plant.

[0017] In the above described engineering apparatus, the
first data file group may further include a third data file, the
third data file including an input and output setting of a field
device for each control loop. The second data file group may
further include a fourth data file, the fourth data file includ-
ing the input and output setting. The determiner may be
configured to extract second differential files including a
changed input and output setting from each of the first data
file group and the second data file group, and detect mis-
matching of the input and output setting included in the
extracted second differential files.

[0018] In the above described engineering apparatus, the
first data file group may further include a third data file, the
third data file including an input and output setting of a field
device for each control loop. The second data file group may
further include a fourth data file, the fourth data file includ-
ing the input and output setting. The determiner may be
configured to extract second differential files including a
changed input and output setting from each of the first data
file group and the second data file group, and detect mis-
matching between the input and output setting included in
the extracted second differential files and the input and
output path of the functional block indicated by the element
information included in the differential file.

[0019] In the above described engineering apparatus, the
processor may be configured to integrate the differential file
and the data file including the element information that has
not been changed and input an integrated file into a control
apparatus used for controlling operation of the industrial
plant in a case that the determiner determines that there is no
mismatching between the functional blocks and the input
and output path.

[0020] An engineering method according to a second
aspect of the present invention using an engineering appa-
ratus that is used for supporting engineering of facilities in
an industrial plant and includes a storage storing a first data
file group including first data files, the first data files
including element information indicating one or a plurality
of functional blocks that are constituent elements of a
control logic for controlling operation of the industrial plant,
the engineering method may include changing the element
information included in the first data files, acquiring a
second data file group including second data files, the second
data files including the changed element information in
another engineering apparatus, extracting differential files
including the changed element information from each of the
first data file group and the second data file group, and
determining whether there is mismatching between func-
tional blocks indicated by the element information included
in the differential files.

[0021] The above described engineering method may fur-
ther include determining whether there is mismatching in an
input and output path between the functional blocks.
[0022] In the above described engineering method, the
mismatching between the functional blocks may indicate
overlapping names of the functional blocks or inappropri-
ateness of a type of a functional block that is an input or
output connection target designated in the input and output
path. The mismatch of the input and output path between the
functional blocks may indicate a state including at least one
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of overlapping and missing of functional blocks that are
input or output connection targets designated in the input
and output path.

[0023] In the above described engineering method, the
storage may store a definition file including previously
defined information, the previously defined information
indicating a part of input and output paths between the
functional blocks. Each of the first data file group and the
second data file group may include an individual file includ-
ing information of another part of the input and output paths.
Determining whether there is mismatching in the input and
output path between the functional blocks may include
detecting mismatching between the input and output paths
from the information of the another part of the input and
output paths included in the individual file among the
differential files.

[0024] In the above described engineering method, the
data file may be formed for each control loop of a control
apparatus used for controlling operation of the industrial
plant.

[0025] In the above described engineering method, the
data file may be formed for each combination of a plurality
of control loops of a control apparatus used for controlling
operation of the industrial plant.

[0026] In the above described engineering method, the
first data file group may further include a third data file, the
third data file including an input and output setting of a field
device for each control loop. The second data file group may
further include a fourth data file, the fourth data file includ-
ing the input and output setting. The engineering method
may further include extracting second differential files
including a changed input and output setting from each of
the first data file group and the second data file group, and
detecting mismatching of the input and output setting
included in the extracted second differential files.

[0027] In the above described engineering method, the
first data file group may further includes a third data file, the
third data file including an input and output setting of a field
device for each control loop. The second data file group may
further include a fourth data file, the fourth data file includ-
ing the input and output setting. The engineering method
may further include extracting second differential files
including a changed input and output setting from each of
the first data file group and the second data file group, and
detecting mismatching between the input and output setting
included in the extracted second differential files and the
input and output path of the functional block indicated by the
element information included in the differential file.

[0028] The above described engineering method may fur-
ther include integrating the differential file and the data file
including the element information that has not been changed
and input an integrated file into a control apparatus used for
controlling operation of the industrial plant in a case that it
is determined that there is no mismatching between the
functional blocks and the input and output path.

[0029] A non-transitory computer-readable storage
medium storing a program according to a third aspect of the
present invention, which when executed by a computer of an
engineering apparatus that is used for supporting engineer-
ing of facilities in an industrial plant and includes a storage
storing a first data file group including first data files, the first
data files including element information indicating one or a
plurality of functional blocks that are constituent elements of
a control logic for controlling operation of the industrial
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plant, may cause the computer to change the element infor-
mation included in the first data files, and acquire a second
data file group including second data files, the second data
files including the changed element information in another
engineering apparatus, extract differential files including the
changed element information from each of the first data file
group and the second data file group, and determine whether
there is mismatching between functional blocks indicated by
the element information included in the differential files.
[0030] In the above described non-transitory computer-
readable storage medium, the program may further cause the
computer to determine whether there is mismatching in an
input and output path between the functional blocks.
[0031] According to the one aspect of the present inven-
tion, the efficiency of an engineering operation can be
improved, in other words, an operation is enabled to be
executed in a short time by accurately perceiving a change
point at which reflection is required and reducing an error in
the engineering operation such as transition and reflection of
data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a block diagram showing one example of
the configuration of an engineering system according to this
embodiment;

[0033] FIG. 2 is a block diagram showing one example of
the functional configuration of an engineering apparatus
according to this embodiment;

[0034] FIG. 3 is a diagram showing one example of
changes in engineering data according to engineering;
[0035] FIG. 4 is a conceptual diagram showing an
example of a viewpoint of matching of engineering data
according to this embodiment;

[0036] FIG. 5 is a conceptual diagram showing an
example of a determination target of matching of engineer-
ing data according to this embodiment;

[0037] FIG. 6 is a block diagram showing one example of
the functional configuration of a control apparatus according
to this embodiment; and

[0038] FIG. 7 is a flowchart showing one example of an
engineering method according to this embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

[0039] Hereinafter, an engineering apparatus, an engineer-
ing method, and a storage medium according to an embodi-
ment of the present invention will be described with refer-
ence to the drawings.

(Engineering System)

[0040] First, one example of the configuration of an engi-
neering system according to this embodiment will be
described.

[0041] FIG. 1 is a block diagram showing one example of
the configuration of the engineering system according to this
embodiment.

[0042] The engineering system 51 includes an on-site
control system 1 and a replicated control system 2. The
on-site control system 1 is a control system that is installed
on-site at plants 15A and 15B that are control targets and
controls the operation states thereof. The on-site control
system 1 is a process control system which includes an
engineering apparatus 10, an operation monitoring apparatus
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12, a control apparatus 14A, and a control apparatus 14B.
The engineering apparatus 10, the operation monitoring
apparatus 12, the control apparatus 14A, and the control
apparatus 14B are connected to a control network NW1 and
transmit or receive various kinds of data through the control
network NW1 in a wired or wireless manner. In the follow-
ing description, in a case in which a plurality of control
apparatuses are collectively referred to or are not to be
discriminated from each other, each thereof may be referred
to as a control apparatus 14. In a case in which a plurality
of plants are collectively referred to or are not to be
discriminated from each other, each thereof may be referred
to as a plant 15.

[0043] The engineering apparatus 10 is used for support-
ing engineering of each control apparatus 14. In the engi-
neering of a control apparatus, there are processes such as
designing, generation, updating, and deletion of a part or all
of the program to be executed by the control apparatus,
installation of the program in the control apparatus, setting,
updating, or deletion of parameters used for the process,
management of a change history, an operation test, and the
like. The engineering is performed in accordance with an
operation of an engineer performing maintenance of the
engineering system S1. The execution of a program repre-
sents execution of a process directed by a command
described in the program. The functional configuration of
the engineering apparatus 10 will be described later.
[0044] The operation monitoring apparatus 12 is a human
machine interface (HMI) used for an operator to monitor the
operation state of each plant 15 and manipulate the operation
of each plant 15. The operation monitoring apparatus 12
includes input devices such as a switch, a keyboard, and a
mouse used for manipulating the operation of each plant 15.
The operation monitoring apparatus 15 includes display
devices such as a display, a lamp, and the like used for
displaying the operation state of each plant 15. The opera-
tion monitoring apparatus 12 may display a plurality of
windows on one or a plurality of displays and display the
operation state of each plant 15. As indicators of the opera-
tion state, for example, measured values output from sensors
16A and 16B are displayed. The operation monitoring
apparatus 12 controls the operation of each control apparatus
14 in accordance with a direction according to an operation
input.

[0045] Each control apparatus 14 is connected to a field
network NW1F and controls the operation state of each plant
15 under the monitoring from the operation monitoring
apparatus 12. The control apparatus 14 executes a program
installed by the engineering apparatus 10 by using set
parameters. In the example shown in FIG. 1, measured
values are input to the control apparatuses 14A and 14B
from the sensors 16A and 16B, respectively, through the
field network NW1F. The control apparatuses 14A and 14B
acquire operation amounts by performing predetermined
operation control on the basis of the input measured values
and output the acquired operation amounts to actuators 18A
and 18B, respectively, through the field network NW1F.
[0046] The plants 15A and 15B are plants realizing indus-
trial processes. In the plant 15A, the sensor 16A and the
actuator 18A are installed as field devices. The sensor 16A
measures a physical quantity representing the operation state
of'the plant 15A and inputs the measured value to the control
apparatus 14A. The actuator 18 A operates the operation state
of the plant 15A on the basis of an operation amount output
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from the control apparatus 14A. Accordingly, one control
loop is formed by the sensor 16 A, the control apparatus 14A,
and the actuator 18A.

[0047] In the plant 15B, the sensor 16B and the actuator
18B are installed as field devices. The sensor 16B measures
a physical quantity representing the operation state of the
plant 15B and inputs the measured value to the control
apparatus 14B. The actuator 18B operates the operation state
of the plant 15B on the basis of an operation amount output
from the control apparatus 14B. Accordingly, one control
loop is formed by the sensor 16B, the control apparatus 14B,
and the actuator 18B.

[0048] For example, each of the sensors 16A and 16B is a
flowmeter, a temperature sensor, a pressure sensor, or the
like. For example, each of the actuators 18A and 18B is a
flow rate control valve, an on-off valve, a motor, a pump, or
the like.

[0049] In the example shown in FIG. 1, although the
numbers of input and output channels of each of the plants
15A and 15B are one-input one-output, the numbers of input
and output channels of a plant are generally different
depending on the plant. There are also cases in which each
of the numbers of input channels/output channels is two or
more.

[0050] The replicated control system 2 is a replicated
control system that is installed independently from the
control apparatuses 14A and 14B controlling the plants 15A
and 15B and is replicated mainly for executing engineering
of the control apparatuses 14A and 14B. More specifically,
the replicated control system 2 is a process control system
which includes an engineering apparatus 20, an operation
monitoring apparatus 22, a control apparatus 24A, and a
control apparatus 24B. The engineering apparatus 20, the
operation monitoring apparatus 22, the control apparatus
24A, and the control apparatus 24B have configurations
similar to those of the engineering apparatus 10, the opera-
tion monitoring apparatus 12, the control apparatus 14A, and
the control apparatus 14B, respectively. In the replicated
control system 2, each of the control apparatus 24A and the
control apparatus 24B described above does not need to be
an actual apparatus but may be a simulator capable of
simulating the operation of the control apparatus or a device
such as an arithmetic operation device, a personal computer,
or a terminal device in which a simulation model capable of
simulating the operation is built. The engineering apparatus
20, the operation monitoring apparatus 22, the control
apparatus 24A, and the control apparatus 24B are connected
to a control network NW2 and transmit or receive various
kinds of data through the control network NW2 in a wired
or wireless manner. For example, a sensor 26 A measuring a
physical quantity indicating the operation state of a plant
25A (not shown in the drawing) and an actuator 28A
operating the plant 25A are connected to the control appa-
ratus 24A. A sensor 26B measuring a physical quantity of
the operation state of a plant 25B (not shown in the drawing)
and an actuator 28B operating the plant 25B are connected
to the control apparatus 24B.

[0051] The replicated control system 2 may be an in-
company control system disposed outside the plant. The
“in-company” is one example of a place at which engineer-
ing work of a data file used in the on-site control system 1
is executed and merely represents being present inside an
office of an operator (inside a company) managing the
on-site control system 1.
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[0052] Each ofthe plants 25A and 25B has a configuration
similar to that of each of the plants 15A and 15B. For
example, when an operation amount output to the actuator
28A is the same as an operation amount output to the
actuator 18A, the amount of measurement input from the
sensor 26A is the same as the amount of measurement input
from the sensor 16A. The replicated control system 2 may
include simulators (not shown in the drawing) used for
simulating the input and output characteristics of the plants
15A and 15B instead of the plants 25A and 25B.

[0053] A program and parameters operated in the engi-
neering are generally stored in a plurality of data files. FIG.
1 illustrates File A to File F as examples of data files relating
to the control apparatus 14A. The engineering apparatus 10
may output a data file relating to each control apparatus to
an external memory such as a flash memory or a hard disk
drive (HDD) or may transmit the data file to the engineering
apparatus 20 of the replicated control system 2 through an
information network (not shown in the drawing) that is
separate from a control network. The control apparatuses
24A and 24B have configurations similar to the control
apparatuses 14A and 14B, respectively. For this reason, the
engineering of the control apparatuses 14A and 14B can be
executed in the engineering apparatus 20. Control appara-
tuses that are targets for the engineering operations of the
engineering apparatus 20 do not need to be actual appara-
tuses, in other words, the control apparatuses 14A and 14B
may be simulators capable of simulating the operations of
the control apparatuses 14A and 14B or devices such as
arithmetic operation devices, personal computers, or termi-
nal devices in which simulation models capable of simulat-
ing the operations are built. The engineering apparatus 20
provides data files edited through engineering for the engi-
neering apparatus 10 through an external memory or an
information network. In the example shown in FIG. 1, data
files provided from the engineering apparatus 20 for the
engineering apparatus 10 are File A', File B, File C', File D',
File E, and File F. File A', File C', and File D' represent that
a part or all of the stored information is changed from File
A, File C, and File D through engineering.

(Engineering Apparatus)

[0054] Next, the functional configuration of the engineer-
ing apparatus 10 according to this embodiment will be
described.

[0055] FIG. 2 is a block diagram showing one example of
the functional configuration of the engineering apparatus 10
according to this embodiment. The functional configuration
of the engineering apparatus 20 is similar to the functional
configuration of the engineering apparatus 10, and thus
description thereof can be referred to.

[0056] The engineering apparatus 10 includes a controller
102, a storage 104, an operation display 106, and an input
and output communicator 108.

[0057] The controller 102 includes an engineering data
processor 1022 and an engineering data determiner 1024.
The controller 102 is configured by a control device such as
a central processing unit (CPU). The control device reads a
program of an engineering tool stored in the storage 104 in
advance and executes the read program, thereby functioning
as the engineering data processor 1022. The control device
reads a program of an engineering tool stored in the storage
104 in advance and executes the read program, thereby
functioning as the engineering data determiner 1024.
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[0058] The engineering data processor 1022 executes a
process relating to engineering for engineering data used in
the operation of the control apparatus 14. The engineering
data processor 1022 executes editing of the engineering
data, an operation test of engineering data, and output
(transition or reflection) to the control apparatus 14 that has
been directed in accordance with a direction of an operation
signal input from the input and output communicator 108. In
the editing of the engineering data, preparation, change, and
deletion of a part or all of the engineering data stored in the
storage 104 in advance are included. The engineering data
processor 1022 stores a data file group storing engineering
data acquired through editing in the storage 104.

[0059] The engineering data is mainly classified into an
application program executed by each control apparatus 14
and an input and output setting (I/O) of a field device
installed in the plant 15 that is a control target. In an
application program, information representing one or a
plurality of functional blocks used for executing operation
control is described. In other words, described functional
blocks are constituent elements of a control logic. As func-
tional blocks, for example, processes corresponding to the
occurrence of an event or an operation state such as PIC
control or various types of logic control are built. The
operation control is executed for each control loop. A control
logic used for executing the operation control is described in
each data file. In the following description, a data file in
which this control logic is described may be referred to as an
application module. In an application module, parameters
used in the process, an input and output path (connection)
and the like are described as information relating to each
functional block. As the input and output setting, parameters
relating to a field device are described. As the parameters to
be described, for example, information such as a type of field
device and an installation position is set. In the following
description, a data file in which this input and output setting
is described may be referred to as an input and output setting
file. The application module and the input and output setting
file may be formed for each control loop or may be formed
for each combination of a plurality of predetermined control
loops.

[0060] The engineering data processor 1022 executes an
operation test on the basis of the engineering data. An
operation test represents a process for checking the opera-
tion of the replicated control system 2 after the transition or
reflection of data to reduce errors in an engineering opera-
tion such as transition or reflection of the engineering data.
The engineering data processor 1022, for example, executes
the following process in an operation test.

[0061] Determination of whether or not content
described in each data file is described in a predeter-
mined form

[0062] Execution of an application program synchro-
nized with a measured value input from the sensor 16 A
or the like

[0063] Display of a measured value or an operation
amount acquired by executing an application program
on the operation display 106

[0064] Loop check of field device through each control
apparatus 14

[0065] The engineering data processor 1022 outputs engi-
neering data relating to a control apparatus directed accord-
ing to an operation signal to the control apparatus. The
engineering data processor 1022 may convert engineering
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data from a data form (for example, a text form) in which a
person can visually recognize engineering data into binary
data of a binary form. The control apparatus may include a
device that converts a data form from data in the text form
into data in the binary form that is needed for the control
device. The engineering data processor 1022 integrates
binary data acquired through the conversion and outputs the
integrated data to the control apparatus through the input and
output communicator 108. The control apparatus installs the
engineering data input from the engineering apparatus 10.
[0066] The engineering data processor 1022 inputs (im-
ports) a data file group storing engineering data relating to
a certain control apparatus.

[0067] The engineering data processor 1022 outputs (ex-
ports) a data file group storing engineering data relating to
a control apparatus designated according to an operation
signal among engineering data stored in the storage 104. An
input or output target may be a storage medium (memory)
that is physically connected to its own apparatus to be
detachable and may be the engineering apparatus 20 of the
replicated control system 2 connected though an information
network.

[0068] The engineering data processor 1022 may store
history information representing a process (event) that is
executed and a start time of the process in the storage 104
for each process, thereby forming an engineering history. In
the history information, for example, in a case in which an
event is a change in a data file, information of the data file
that is a processing target and information of the data file
before and after the change are included. The engineering
history may be formed by accumulating history information
in order of start time. The engineering history may be
formed for each control apparatus.

[0069] The engineering data determiner 1024 determines
information of the occurrence of a change according to
engineering in units of data files for each piece of engineer-
ing data stored in the data file group, which is input to the
engineering data processor 1022, and each piece of engi-
neering data stored in the storage 104. A data file group
storing the engineering data stored in the storage 104 will be
referred to as a first data file group. A data file group input
to the engineering data processor 1022 will be referred to as
a second data file group. The second data file group may be
input from the outside of the engineering apparatus 10
through an electronic recording medium or a network. The
engineering data determiner 1024 acquires a data file storing
information changed by the engineering data processor 1022
of its own apparatus among data files included in the first
data file group relating to a specific control apparatus and a
data file storing information changed by the engineering data
processor of the engineering apparatus 20 among data files
included in the second data file group relating to the control
apparatus as differential files. By referring to the engineering
history, the engineering data determiner 1024 can specify a
time point at which editing of a data file belonging to the first
data file group is started by the engineering data processor
1022 as a time point at which engineering for the first data
file group is started. For example, by referring to the
engineering history stored in the storage 104, the engineer-
ing data determiner 1024 may specify a time point at which
the first data file group is directly or indirectly output to the
engineering apparatus 20 from the engineering apparatus 10
as a time point at which engineering for the second data file
group is started. Furthermore, the engineering data deter-
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miner 1024 may specity a differential file included in the
second data file group by referring to the engineering history
that is directly or indirectly input from the engineering
apparatus 20.

[0070] The engineering data determiner 1024 aggregates a
data file not including information changed also in accor-
dance with the engineering data processor 1022 (hereinafter
referred to as an unchanged file) among the data files
belonging to the first data file group of a certain control
apparatus 14 and the acquired differential file as a new data
file group (hereinafter referred to as an updated file group)
relating to the control apparatus. Then, the engineering data
determiner 1024 determines whether information stored in a
data file in the update file group is mismatched.

[0071] As the mismatching of a determination target, for
example, there are mismatching of a functional block relat-
ing to the control apparatus, mismatching of an input and
output path between functional blocks, mismatching of an
input and output setting set in the control loop, and the like.
[0072] The engineering data determiner 1024 may display
information determined to be mismatched on the operation
display 106 or further display a reason for the mismatching
on the operation display 106.

[0073] When it is determined that there is no mismatching,
the engineering data determiner 1024 stores checking infor-
mation representing the indication thereof and the update file
group in the storage 104 in association with each other.
Accordingly, the original first data file group is updated with
the update file group.

[0074] The engineering data processor 1022 sets the engi-
neering data stored in the data file group stored in associa-
tion with the checking information to be installable on the
control apparatus. In other words, even in the case of being
directed in accordance with an input operation signal, the
engineering data processor 1022 does not reflect (transition,
output, or the like) engineering data stored in the data file
group not stored in association with the checking informa-
tion.

[0075] The operation display 106 includes an operation
input that receives a user’s operation and outputs an opera-
tion signal corresponding to the operation to the controller
102. The operation input, for example, is a pointing device
such as a mouse, a keyboard, or a touch sensor. The
operation display 106 includes a display that displays vari-
ous kinds of information input from the controller 102. The
display, for example, is a display device such as a liquid
crystal display or a display panel. The operation input and
the display may be separate units or may be configured as an
integrated touch panel.

[0076] The input and output communicator 108 includes
an input and output that receives various kinds of data from
the outside of the engineering apparatus 10 and outputs
various kinds of data input from the controller 102 to the
outside of the engineering apparatus. The input and output,
for example, is an input and output interface. The input and
output communicator 108 includes a communicator that
transmits/receives various kinds of data to/from a device
connected to the control network NW1 in a wired or wireless
manner. The communicator, for example, is a communica-
tion interface.

(Example of Differential File)

[0077] There is a possibility of the engineering of the
control apparatus installed in the on-site control system 1
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also being executed in both the engineering apparatus 10 of
the on-site control system 1 and the engineering apparatus
20 of the replicated control system 2. For example, files File
A to File F (before correction) relating to the control
apparatus 14A of the on-site control system 1 may be
changed independently in the on-site control system 1 and
the replicated control system 2. For this reason, changed
places may be different between the systems. In the example
shown in FIG. 3, while data files of which information has
been changed by the engineering apparatus 20 are File A',
File C', and File D', a data file of which information has been
changed by the engineering apparatus 10 is File B'. Thus, by
referring to the engineering history, the engineering data
determiner 1024 of the engineering apparatus 10 specifies
the data file File B' including information changed from the
original file File B before correction among the first data file
group at the time point and the original data file File B.
[0078] The engineering data determiner 1024 determines
that the other files File A, File C, File D, File E, and File F
have not been changed. Then, the engineering data deter-
miner 1024 specifies File A', File C', and File D' including
information changed from the information before correction,
in other words, the information at the time point of output
among the second data file group taken in from the engi-
neering apparatus 20. The engineering apparatus 10 updates
File A, File C, and File D included in the first data file group
with the specified File A', File C', and File D'. Such files are
targets for detecting the presence/absence of mismatching.
The detection of presence/absence of mismatching is
executed before the reflection thereof on the control appa-
ratus 14.

[0079] In the example shown in FIG. 3, data files of which
information has been changed are File A', File C', and File
D' in the second data file group, and a data file of which
information has been changed is File B' in the first data file
group, whereby there is no overlapping in the changed files.
However, there are cases in which a data file including
information changed from information included in a com-
mon data file before a common change is present in the first
data file group and the second data file group. For example,
other than File B' of the second data file group, there is a case
in which File B" storing information changed from the
information included in the original File B is included in the
first data file group. In such a case, the engineering data
determiner 1024 may display inquiry information represent-
ing selection of one of two data files including information
changed from the common original data file, in other words,
File B' and File B", on the operation display 106. Then, the
engineering data determiner 1024 selects one data file
included in one data file group, in other words, one data file
out of File B' and File B", on the basis of an operation signal
input from the operation display 106.

[0080] In a case in which data files of which information
has been changed overlap each other, a data file included in
one of the first data file group and the second data file group
to be selected with priority by the engineering data deter-
miner 1024 may be set in advance. The engineering data
determiner 1024 selects one of data files overlapping each
other on the basis of the setting.

[0081] The engineering data determiner 1024 may display
information changed from the original information and the
position thereof in the data file included in the first data file
group on the operation display 106 (differential display
function). Then, the engineering data determiner 1024 may
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display an inquiry of import of a data file storing the
information on the operation display 106 and select the data
file in accordance with a direction of import using an
operation signal (a change point selection function).

(Determination of Matching)

[0082] As determination of the presence/absence of mis-
matching, mainly, there are determination in the viewpoint
an application module and determination in the viewpoint of
input and output (I/O). The determination in the viewpoint
of an application module represents determination of pres-
ence/absence of mismatching between functional blocks
configuring the application module. In the examples shown
in FIGS. 4 and 5, mismatching among File A' (Appl), File
B' (App2), and File C' (App3) that are application modules
is determined. In the determination of the viewpoint of input
and output, determination of presence/absence of mismatch-
ing between input and output setting files and determination
of presence/absence of mismatching between an application
module and input and output setting file are included. In the
examples shown in FIGS. 4 and 5, mismatching is deter-
mined between File A' (App1) that is an application module
and File D' (I/01) that is an input and output setting file
relating to this application module and between File D'
(I/01) and File F(I/O2) that are input and output setting files.
Examples of determination items of matching will be
described later.

(Control Apparatus)

[0083] Next, one example of the functional configuration
of the control apparatus 14 according to this embodiment
will be described. In the following description, a case in
which the control apparatus 14 realizes two-input one-output
control in which input data of two channels is input from the
plant 15, and output data of one channel is output will be
described as an example. FIG. 6 is a block diagram showing
one example of the functional configuration of the control
apparatus 14 according to this embodiment.

[0084] The control apparatus 14 includes an input and
output 142 used for a field device, a calculation processor
144, and an input and output 146 used for an operation
monitoring apparatus.

[0085] The input and output 142 is connected to the field
network NW1F and transmits/receives various kinds of data
to/from a field device. The input and output 142 outputs a
measured value input from a sensor to the calculation
processor 144. The input and output 142 outputs an opera-
tion amount output from the calculation processor 144 to an
actuator. The input and output 142 includes an input and
output interface and is connected to a node in which one or
a plurality of /O cards are installed. Each I/O card functions
as one unit, and a slot of the I/O card used for mediating an
input to the calculation processor 144 and an output from the
calculation processor 144 is directed in accordance with an
input and output setting for each input and output channel
that is stored in an input and output setting file provided
from the engineering data processor 1022.

[0086] The calculation processor 144 includes one or a
plurality of functional blocks. Each functional block
includes an input, a calculator, and an output. Input infor-
mation is input to the input from one of the input and output
142, another functional block, and the input and output 146
or a combination thereof as input sources. The calculator
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performs an arithmetic operation process for input informa-
tion input to the input, thereby generating output informa-
tion. The output outputs the output information generated by
the calculator to one of the input and output 142, another
functional block, and the input and output 146 or a combi-
nation thereof as output targets.

[0087] The calculation processor 144 includes a control
device such as a CPU, and the control device executes a
control logic described in the application module provided
from the engineering data processor 1022 to realize the
function of the functional block. The control logic is con-
figured by such functional blocks and input and output path
connection wires between the input and output 142 and the
functional blocks, between the functional blocks and input
and output 146, and between the functional blocks. As types
of functional blocks, there are a control functional block and
an input and output functional block. The control functional
block is a functional block having a function of execution of
control operations such as sequence control and continuous
control. An input of the control function block sets output
information output from another functional block as input
information of its own block. An output of the control
function block outputs output information generated by its
own block to another functional block. The input and output
functional block is a functional block including: an input to
which input information is input from one or both of the
input and output 142 and the input and output 146; or an
output that outputs output information to one or both of the
input and output 142 and the input and output 146.

[0088] In the example shown in FIG. 6, the calculation
processor 144 includes four functional blocks 144A to
144D. Input information is input from the input and output
142 to the input C of the functional block 144C through a
connection wire C. Input information is input from the input
and output 142 to an input D of the functional block 144D
through a connection wire D. Output information from an
output C of the functional block 144C is input to an input
B-1 of the functional block 144B through a connection wire
CB as input information for the input B-1. Output informa-
tion is input from an output D of the functional block 144D
to an input B-2 of the functional block 144B through a
connection wire DB as input information for the input B-2.
Output information is input from an output of the functional
block 144B to an input A of the functional block 144A
through a connection wire BA as input information for the
input A. An output A of the functional block 144A outputs
the output information generated by the calculator A to the
input and output 146 through a connection wire A-1 and to
the input and output 142 through a connection wire A-2.
[0089] The input and output 146 is connected to a control
network NW1 and transmits/receives various kinds of data
to/from the operation monitoring apparatus 12 or the engi-
neering apparatus 10. The input and output 146 includes, for
example, an input and output interface. The input and output
146 outputs output information output from the calculation
processor 144 to the operation monitoring apparatus 12. The
output information that is output, for example, is informa-
tion representing an operation amount calculated by the
functional block 144B or the tendency of the change thereof.

(Editing of Engineering Data)

[0090] When engineering data is edited in accordance with
a direction of an operation signal, the engineering data
processor 1022 displays information represented by the
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engineering data on the operation display 106. An engineer
visually recognizes the displayed information to ascertain
information set as engineering data.

[0091] For example, the engineering data processor 1022,
as shown in FIG. 6, displays (draws) functional blocks of
control logics to be executed by the control apparatus 14A,
connection wires between the functional blocks, and con-
nection wires between the functional blocks and the input
and output 142 or the input and output 146 by using
graphics. In the following description, this display screen
will be referred to as an editor screen. The engineering data
processor 1022 sets such functional blocks, the connection
wires, parameters, and the other information in accordance
with a direction of an operation signal. The information of
the control logic is formed for each control loop.

[0092] However, the information of a control logic
described in an application module is converted into binary
data and then is output to the control apparatus 14A. In the
binary data, each constituent element of a control logic is
represented in a bit stream of bits each formed from a value
of 0 or 1. For example, the input A of the functional block
144A and the output B of the functional block 144B are
represented as “010101” and “100101,” respectively. The
connection wire BA between functional blocks is defined
with the input A and the output B. For this reason, binary
data representing each constituent element needs to be data
representing unique information that is specific to the con-
stituent element. This means that the name of each constitu-
ent element is unique, and it is not allowed for names of a
plurality of constituent elements to overlap each other, in
other words, to be a common name.

[0093] When the engineering data processor 1022 sets the
connection wire BA connecting the input A and the output B
on the basis of an operation signal, it is necessary for the
connection wire BA not to overlap other connection wires
connecting other functional blocks to the input A and the
output and other connection wires connecting the input A
and the output B. This is because, as a function realized by
control logics, organic connection relations of such a func-
tion are defined using described functional blocks and
connection wires between the functional blocks.

[0094] In a case in which a connection wire BA between
the input A of the functional block 144A and the output B of
the functional block 144B is not set and is missing, input
information is not provided for the functional block 144 A,
and accordingly, the functional block 144A does not exhibit
the function. For this reason, control directed in accordance
with the set control logic is not achieved.

[0095] In the calculation processor 144, as functional
blocks to be originally included, at least an input and output
functional block inputting input information from the input
and output 142 and an input and output functional block
outputting output information to the input and output 142
need to be included. When a functional control block is set
instead of the input and output functional block, the func-
tional control block does not exhibit the function. For this
reason, according to the missing of a functional block having
an appropriate function, the setting of a functional block
having an inappropriate function, and a connection to such
a functional block, control directed in accordance with a set
control logic is not established.

[0096] Thus, the engineering data determiner 1024 per-
forms determinations (Al) to (A4) to be described next as
determinations in the viewpoint of an application module for
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an application module belonging to an update file group
formed by an unchanged file and a differential file. In a case
in which all the results of the determinations (Al) to (A4)
are “none,” the engineering data determiner 1024 deter-
mines that there is no mismatching in the viewpoint of the
application module.

(A1) Whether or not there is Overlapping Between Names
of Functional Blocks Described in an Application Module
and Input and Output Paths

[0097] More specifically, when a plurality of functional
blocks having a common name are included in such an
application module, the engineering data determiner 1024
determines that there is overlapping between the names of
the functional blocks. On the other hand, when there is no
plurality of functional blocks having a common name, the
engineering data determiner 1024 determines that there is no
overlapping between the names of the functional blocks.
When a plurality of input and output paths having a common
name are included in such an application module, the
engineering data determiner 1024 determines that there is
overlapping between the names of the input and output
paths. On the other hand, when there is no plurality of input
and output paths having a common name, the engineering
data determiner 1024 determines that there is no overlapping
between the input and output paths.

(A2) Whether or not there is Overlapping Between One Side
of Functional Blocks of Input Sources Designated in an
Input and Output Path and Functional Blocks of Output
Targets or Both Sides Thereof as Arrangement of Connec-
tion Wires

[0098] More specifically, when input and output paths
designating two or more functional blocks are included in
one of an input source and an output source or both thereof
in such an application module, the engineering data deter-
miner 1024 determines that there is overlapping in one side
of functional blocks of input sources designated in the input
and output path and functional blocks of output targets or
both sides thereof. On the other hand, when there are no
input and output paths designating two or more functional
blocks in one of an input source and an output source or in
either thereof in such an application module, the engineering
data determiner 1024 determines that there is no overlapping
in one side of functional blocks of input sources designated
in the input and output path and functional blocks of output
targets or both sides thereof.

(A3) Whether or not there is a Missing Input and Output
Path of an Input Source or an Output Target Designated in
Input and Output Paths Between Functional Blocks, in Other
Words, there is an Input and Output Path of which an Input
or Output Connection Target is not Defined

[0099] More specifically, when there is an input and output
path in which another functional block, the input and output
142, or the input and output 146 is not designated in one of
the input source and the output target or both thereof in such
an application module, the engineering data determiner 1024
determines that there is an input and output path of which the
input source or the output target is missing. On the other
hand, when there is no input and output path in which
another functional block, the input and output 142, or the
input and output 146 is not designated in one of the input
source and the output target or either thereof in such an
application module, the engineering data determiner 1024
determines that there is no input and output path of which
the input source or the output target is missing.
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(A4) Whether or not there is a Functional Block of a
Predetermined Kind that Cannot be Combined in Input or
Output Connection Targets Designated in the Input and
Output Path

[0100] More specifically, in an input and output path in
which the input and output 142 or the input and output 146
is designated as an input target or an output source, when an
input and output functional block is designated as the output
source or the input target, the engineering data determiner
1024 determines the input and output functional block as a
functional block of a kind that can be combined. On the
other hand, in an input and output path, when a control
functional block is designated as the output source or the
input target, the engineering data determiner 1024 deter-
mines the control functional block as a functional block of
a kind that cannot be combined.

[0101] The information of the input and output setting
described in the input and output setting file is also con-
verted into binary data and then output to the control
apparatus 14A and is used for designating a field device that
becomes an input and output target from the control appa-
ratus 14A. In a case in which the input and output setting of
a field device is missing, a field device that becomes an input
and output target cannot be specified, and a plant that is a
control target is not specified. In a case in which the input
and output setting is missing, for example, there are a case
in which there is no input and output setting relating to the
input of data or the output of generated data requested by an
input and output functional block, a case in which there is no
field device connected to an installation position (for
example, a slot) designated in the input and output setting,
and the like.

[0102] In addition, there is a case in which there are a
plurality of 1/O cards that can be used for inputting/output-
ting data from/to a common control loop at different instal-
lation positions in accordance with a multiplexing setting. In
such a case, there is concern that an installation position
designated in the input and output setting of a control loop
of interest overlaps the installation position designated in the
input and output setting of another control loop, in other
words, an installation position designated in the input and
output setting of a certain control loop, is common to an
installation position designated in the input and output
setting of another control loop.

[0103] Even in a case in which there is no overlapping or
missing at an installation position designated in the input
and output setting, in a case in which the type (for example,
a sensor, an actuator, or the like) of a connected field device
does not match the type (for example, input information
representing a measured value or an output amount repre-
senting an operation amount) of data input or output by an
input and output functional block configuring a control loop
through the input and output 142, data requested from the
input and output functional block cannot be acquired, or
generated data is not provided.

[0104] Thus, the engineering data determiner 1024 per-
forms the following determinations (B1) to (B3) as deter-
minations in the viewpoint of input and output for input and
output data belonging to an update file group formed by an
unchanged file and a differential file and an application
module.

[0105] In a case in which the results of all the determina-
tions (B1) to (B3) are “none,” the engineering data deter-
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miner 1024 determines that there is no mismatching in the
viewpoint of input and output.

(B1) Whether or not there is Missing in an Input and Output
Setting Corresponding to Input and Output Between an
Input and Output Functional Block Described in an Appli-
cation Module and the Input and Output 142

[0106] More specifically, when a plurality of input and
output settings corresponding to an input and output path
designating the input and output 142 as an input source or an
output target are described in an input and output setting file
in such an application module, the engineering data deter-
miner 1024 determines that there is overlapping in the input
and output settings. On the other hand, when an input and
output setting corresponding to an input and output path
designating the input and output 142 as an input source or an
output target is not described in an input and output setting
file in such an application module, the engineering data
determiner 1024 determines that there is missing in the input
and output setting. In addition, when one input and output
setting corresponding to an input and output path designat-
ing the input and output 142 as an input source or an output
target is described in an input and output setting file in such
an application module, the engineering data determiner 1024
determines that there is neither overlapping nor missing in
the input and output setting.

(B2) Whether or not there are Overlapping Installation
Positions Designated in an Input and Output Setting
Described in an Input and Output Setting File

[0107] More specifically, when there are a plurality of
input and output settings in which designating installation
positions are common in such an input and output setting
file, the engineering data determiner 1024 determines that
there are overlapping installation positions. On the other
hand, when installation positions designated in the input and
output setting are different from each other in such an input
and output setting file, the engineering data determiner 1024
determines that there is no overlapping installation posi-
tions.

(B3) Whether or not there is an Input and Output Setting not
Matching the Type of Field Device Designated in an Input
and Output Setting and the Type of Data Input and Output
from/to an Input and Output Functional Block

[0108] More specifically, an input and output data table
representing the type of a corresponding field device for
each type of input data or output data is stored in the storage
104 in advance. For example, in a case in which the type of
measured value that is input data is temperature, the type of
a corresponding field device is a temperature sensor. In a
case in which the type of an operation amount that is output
data is the number of revolutions, the type of a correspond-
ing field device is a motor. The engineering data determiner
1024, by referring to the input and output data table,
specifies the type of field device corresponding to the type
of a field device designated for each input and output setting
described in the input and output setting file. Then, in a case
in which the specified type of field device does not match the
type of data that is input and output to/from the input and
output 142 through an input and output path corresponding
to the input and output setting, the engineering data deter-
miner 1024 determines that the type of input and output data
does not match the type of field device. On the other hand,
in a case in which the specified type of field device matches
the type of input or output data corresponding to the input
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and output setting, the engineering data determiner 1024
determines that the type of input and output data matches the
type of field device.

[0109] When it is determined that there is no mismatching
in both the viewpoint of an application module and the
viewpoint of input and output, the engineering data deter-
miner 1024 stores checking information and an update file
group in the storage 104 in association with each other.
[0110] In a case in which an input and output setting file
is not included in an update file, the engineering data
determiner 1024 may not perform the determination in the
viewpoint of input and output, in other words, the determi-
nations (B1) to (B3).

(Engineering Method)

[0111] Next, an engineering method according to this
embodiment will be described.

[0112] FIG. 7 is a flowchart showing one example of the
engineering method according to this embodiment.

[0113] (Step S102) The controller 102 reads a program of
an engineering tool from the storage 104, starts the execu-
tion of a read program, and starts the operation of the
engineering data determiner 1024. Thereafter, the process
proceeds to the process of Step S104.

[0114] (Step S104) The engineering data determiner 1024
specifies information before and after change for each of the
first data file group storing engineering data maintained in its
own apparatus and the second data file group storing engi-
neering data input to the engineering data processor 1022 by
referring to the engineering history. The engineering data
determiner 1024 specifies a data file storing the changed
information as a differential file and specifies a data file of
which information has not been changed as an unchanged
file. Thereafter, the process proceeds to the process of Step
S106.

[0115] (Step S106) The engineering data determiner 1024
forms an update file group by aggregating the differential file
and the unchanged file. In this way, the original data file
storing the information before change is updated with the
differential file in which the information after change is
stored. Thereafter, the process proceeds to the process of
Step S108.

[0116] (Step S108) The engineering data determiner 1024
determines whether or not there are overlapping functional
blocks, overlapping names of connection wires, and over-
lapping arrangements of connection wires for an application
module of the control apparatus that is an engineering target.
This determination corresponds to the determinations Al
and A2 described above. In a case in which it is determined
that there is no overlapping (Step S108: Yes), the process
proceeds to the process of Step S112. On the other hand, in
a case in which it is determined that there is overlapping
(Step S108: No), the process proceeds to Step S110.
[0117] (Step S110) The engineering data determiner 1024
generates a predetermined warning message representing
detection of overlapping and outputs the generated warning
message to the operation display 106 to be displayed on the
operation display 106. In the warning message, information
of parts in which overlapping is detected, in other words, the
functional block, the name of the connection wire, the name
of the arrangement of the connection wire, and the like is
included. The warning message, for example, includes a text
string of “Warning: there is overlapping in AAA.” The
engineering data determiner 1024 may display a correspond-



US 2018/0231960 Al

ing functional block and the position of the connection wire
on an editor screen. The engineering data determiner 1024
may store the warning message in the storage 104 to be
accumulated as a part of a warning log. Thereafter, the
process proceeds to Step S112.

[0118] (Step S112) The engineering data determiner 1024
determines whether or not a functional block of which the
input or output connection target is not defined is present for
an application module of the control apparatus that is an
engineering target. This determination corresponds to the
determination A3 described above. In a case in which the
input or output connection target is not defined (Step S112:
Yes), the process proceeds to the process of Step S116. On
the other hand, in a case in which it is determined that a
functional block of which the input or output connection
target is not defined is present (Step S112: No), the process
proceeds to the process of Step S114.

[0119] (Step S114) The engineering data determiner 1024
generates a predetermined warning message representing
the detection of a functional block of which the input or
output connection target is not defined and outputs the
generated warning message to the operation display 106 to
be displayed on the operation display 106. In the warning
message, information of the name or the like of a functional
block of which the input or output connection target is not
defined is included. The warning message, for example,
includes a text string of “Warning: there is no combining in
BBB.” The engineering data determiner 1024 may display
the position of the corresponding functional block on the
editor screen. The engineering data determiner 1024 may
store the warning message in the storage 104 and is accu-
mulated as a part of a warning log. Thereafter, the process
proceeds to Step S116.

[0120] (Step S116) The engineering data determiner 1024
determines whether or not all the combination blocks of the
input or output connection targets or all the input and outputs
can be combined. This determination corresponds to the
determination A4 described above. In a case in which it is
determined that all the combination blocks or all the input
and outputs can be combined (Step S116: Yes), the process
proceeds to the process of Step S120. On the other hand, in
a case in which it is determined that an input or output
connection target that cannot be combined is present (Step
S116: No), the process proceeds to the process of Step S118.
[0121] (Step S118) The engineering data determiner 1024
generates a predetermined warning message representing
the detection of an input or output connection target that
cannot be combined and outputs the generated warning
message to the operation display 106 so as to be displayed
on the operation display 106. In the warning message,
information of the name or the like of the input or output
connection target that cannot be combined is included. The
warning message, for example, includes a text string of
“Warning: inappropriate combination is present in CCC.”
The engineering data determiner 1024 may display the
position of the functional block or an input and output that
is a corresponding input or output connection target on the
editor screen. The engineering data determiner 1024 may
store the warning message in the storage 104 and may
accumulate the warning message as a part of a warning log.
Thereafter, the process proceeds to the process of Step S120.
[0122] (Step S120) The engineering data determiner 1024
outputs a determination end message to the operation dis-
play 106 so as to be displayed on the operation display 106.
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The determination end message, for example, includes a text
string of “Determination End.” Thereafter, the process pro-
ceeds to the process of Step S122.

[0123] (Step S122) The engineering data determiner 1024
determines whether or not mismatching has been detected.
In a case in which mismatching has not been detected (Step
S122: Yes), the process proceeds to the process of Step
S124. On the other hand, in a case in which mismatching has
been detected (Step S122: No), the process shown in FIG. 7
ends.

[0124] (Step S124) The engineering data determiner 1024
stores checking information representing that mismatching
has not been detected for the data file group relating to the
control apparatus 14 in the storage 104. In this way, the
engineering data processor 1022 performs a binary conver-
sion of the data file relating to the control apparatus of which
the checking information is stored and can output the
acquired data file to the control apparatus. Thereafter, the
process shown in FIG. 7 ends.

[0125] In the description presented above, while a case in
which the engineering apparatus 10 executes the process
shown in FIG. 7 has been described as an example, the
engineering apparatus 20 may execute the process shown in
FIG. 7. For a data file relating to a newly-generated engi-
neering data, the process of Step S106 may be omitted. In
the process shown in FIG. 7, while a case in which the
determinations Al to A4 are executed for an application
module in Steps S108 to S118 has been described as an
example, in a case in which input and output data is included
in the differential file, the processes of the determinations B1
to B3 may be performed.

[0126] In the determination B1, in a case in which it is
determined that missing is present in the input and output
setting, the engineering data determiner 1024 may generate
a predetermined warning message representing the detection
of missing in the input and output setting and display the
generated predetermined warning message on the operation
display 106. In the warning message, among the information
included in the differential file, the information of the name
or the like of the input and output functional block relating
to the input and output setting is included. The warning
message, for example, includes a text string of “Warning: no
input and output setting is present in CCC.” The engineering
data determiner 1024 may display the position of a corre-
sponding input and output functional block on the editor
screen. The engineering data determiner 1024 may store the
warning message in the storage 104 and accumulate the
warning message as a part of the warning log.

[0127] In the determination B2, in a case in which it is
determined that there are overlapping installation positions
in the determination B2, the engineering data determiner
1024 may generate a predetermined warning message rep-
resenting the detection of the overlapping installation posi-
tions and display the generated predetermined warning
message on the operation display 106. In the warning
message, among the information included in the differential
file, the input and output functional block relating to the
input and output setting and the name or the like of the
installation position are included. The warning message, for
example, includes a text string of “Warning: there is over-
lapping in the input and output setting of DDD.” The
engineering data determiner 1024 may display the position
of'a corresponding input and output functional block on the
editor screen. The engineering data determiner 1024 may
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store the warning message in the storage 104 and accumu-
late the warning message as a part of the warning log.

[0128] In the determination B3, in a case in which it is
determined that there is an input and output setting not
matching the type of data in the determination B3, the
engineering data determiner 1024 may generate a predeter-
mined warning message representing the detection of the
input and output setting and display the generated predeter-
mined warning message on the operation display 106. In the
warning message, among the information included in the
differential file, information of the name or the like of the
input and output data is included. The warning message, for
example, includes a text string of “Warning: type of input
and output data of EEE is inappropriate.” The engineering
data determiner 1024 may display the position of a corre-
sponding input and output functional block on the editor
screen. The engineering data determiner 1024 may store the
warning message in the storage 104 and accumulate the
warning message as a part of the warning log.

[0129] The determination and the display and storage of
the warning message may be executed by the engineering
data determiner of the engineering apparatus 20.

[0130] The input and output path between the functional
blocks may be applied to a relation between a class module
and an instance module described in object oriented pro-
gramming. The class module is a model of a control logic
defined in advance. The instance module is a specific
example of the individual control logic. In other words, the
control logic represented as an instance module by an
individual application module according to this embodiment
is represented using a predetermined module, which is
stored in a definition file defined in advance, that is the
reference target and differential information from the class
module. As the class module, for example, a typical control
logic for each number of input and output systems is defined.
As the instance module, a control logic for controlling a
plurality of plants 15 of which the number of input and
output systems and the control logic are common is used.
When a program in an execution form output from generated
engineering data to the control apparatus is built using an
instance module, the engineering data processor 1022 refers
to the class module that is a reference target and specifies a
control logic used as an instance module from the class
module and the individual differential information.

[0131] Thus, information of a part of input or output
connection target of each input and output path between
functional blocks is defined in the definition file in advance
such that the mismatching described above does not occur.
The engineering data processor of each of the engineering
apparatuses 10 and 20 generates an individual application
module (instance module) in which differential information
including the information of an input or output connection
target of the input and output path according to the control
logic of individual plant 15 is stored. Thus, when the
engineering data determiner 1024 executes one or both of
the determination of Al to A4 and the determination of B1
to B3 described above, the engineering data determiner 1024
sets an individual application module in which the differ-
ential information is described as a processing target. In this
way, the process relating to the detection of mismatching is
reduced.
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(Summarization)

[0132] As described above, the engineering apparatus 10
according to this embodiment is an engineering apparatus
that is used for supporting engineering of the control appa-
ratus 14 executing control of an industrial plant. The engi-
neering apparatus 10 includes the storage 104 storing the
first data file group formed from data files storing element
information representing functional blocks that are constitu-
ent elements of the control apparatus 14 and the engineering
data processor 1022 changing the element information
stored in the data files. The engineering apparatus 10
includes the engineering data determiner 1024 that acquires
a second data file group formed from data files storing
changed element information in another engineering appa-
ratus 20, extracts differential files that are data files storing
the changed element information from each of the first data
file group and the second data file group, and determines at
least one of presence/absence of mismatching between func-
tional blocks represented by the element information stored
in the differential files and presence/absence of mismatching
of an input and output path between functional blocks.
[0133] According to such a configuration, the engineering
data is transitioned in units of control apparatuses, and data
files storing information changed through the engineering
are individually specified. For this reason, the efficiency of
the operation relating to the transition of the engineering
data between control systems installed at different places is
increased. For example, conventionally, although there are
cases in which the engineering data of the whole control
system is transitioned between the on-site control system 1
and a replicated control system 2, the volume of the engi-
neering data that is a transition target is large, and accord-
ingly, it is difficult to execute transition through communi-
cation such as file attachment to an electronic mail or the
like. In contrast to this, in the engineering apparatus 10
according to this embodiment, the transition of the engi-
neering data is executed more easily and quickly. A required
time until the start of engineering and a time required at the
time of repeating the engineering can be shortened.

[0134] Conventionally, when engineering data corrected
by the replicated control system 2 is applied to the on-site
control system 1, an engineer extracts a part to be reflected
on the on-site control system 1, and an operation for the
arrangement is necessary. Particularly, in a case in which
there is a large amount of the engineering data, there are
cases in which person’s mistakes in the operation are
occurred, and, in order to accurately reflect the corrected
contents on the on-site control system 1, extreme care is
necessary. In contrast to this, the engineering apparatus 10
according to this embodiment specifies information to be
reflected by a data file storing the changed information as a
stored data file. For this reason, the occurrence of person’s
mistakes until the information is reflected on the control
apparatus 14 of the on-site control system 1 can be pre-
vented.

[0135] Mismatching between the functional blocks and
the input and output paths represented by the information
changed through engineering is specified. As mismatching
between the functional blocks, overlapping between the
names of the functional blocks or the inappropriateness of a
type of functional block that is an input or output connection
target designated in the input and output path is determined,
and, as mismatching of an input and output path between
functional blocks, a state including at least one of overlap-
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ping and missing of functional blocks that are input or output
connection targets designated in the input and output path is
determined. For this reason, even when the control system
has a large scale or becomes complicated, mismatching
cannot be determined, and accordingly, the need for re-
trying the engineering is lowered, and the efficiency of an
operation relating to the engineering can be increased.
[0136] When the engineering data determiner 1024 deter-
mines that there is no mismatching between functional
blocks and input and output paths, the engineering data
processor 1022 integrates a differential file and a data file
storing element information that has not been changed and
outputs the integrated data file to the control apparatus 14.
In other words, since the matching between functional
blocks and the input and output paths is checked before a
corrected content is reflected on the control apparatus 14 of
the on-site control system 1, the plant 15 can be controlled
by the control apparatus 14 more reliably.
[0137] While preferred embodiments of the invention
have been described above with reference to the drawings,
it should be understood that these are exemplary of the
invention and are not to be considered as limiting. Various
modifications can be made without departing from the spirit
or scope of the present invention.
What is claimed is:
1. An engineering apparatus that is used for supporting
engineering of facilities in an industrial plant, the engineer-
ing apparatus comprising:
a storage storing a first data file group including first data
files, the first data files including element information
indicating one or a plurality of functional blocks that
are constituent elements of a control logic for control-
ling operation of the industrial plant;
a processor configured to change the element information
included in the first data files; and
a determiner configured to:
acquire a second data file group including second data
files, the second data files including the changed
element information in another engineering appara-
tus;

extract differential files including the changed element
information from each of the first data file group and
the second data file group; and

determine whether there is mismatching between func-
tional blocks indicated by the element information
included in the differential files.

2. The engineering apparatus according to claim 1,
wherein

the determiner is configured to determine whether there is
mismatching in an input and output path between the
functional blocks.

3. The engineering apparatus according to claim 2,

wherein

the mismatching between the functional blocks indicates
overlapping names of the functional blocks or inappro-
priateness of a type of a functional block that is an input
or output connection target designated in the input and
output path, and

the mismatch of the input and output path between the
functional blocks indicates a state including at least one
of overlapping and missing of functional blocks that are
input or output connection targets designated in the
input and output path.
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4. The engineering apparatus according to claim 2,
wherein
the storage stores a definition file including previously
defined information, the previously defined informa-
tion indicating a part of input and output paths between
the functional blocks, and
each of the first data file group and the second data file
group includes an individual file including information
of another part of the input and output paths, and
the determiner is configured to detect mismatching
between the input and output paths from the informa-
tion of the another part of the input and output paths
included in the individual file among the differential
files.
5. The engineering apparatus according to claim 2,
wherein
the data file is formed for each control loop of a control
apparatus used for controlling operation of the indus-
trial plant.
6. The engineering apparatus according to claim 2,
wherein
the data file is formed for each combination of a plurality
of control loops of a control apparatus used for con-
trolling operation of the industrial plant.
7. The engineering apparatus according to claim 5,
wherein
the first data file group further includes a third data file,
the third data file including an input and output setting
of a field device for each control loop,
the second data file group further includes a fourth data
file, the fourth data file including the input and output
setting, and
the determiner is configured to:
extract second differential files including a changed
input and output setting from each of the first data
file group and the second data file group; and
detect mismatching of the input and output setting
included in the extracted second differential files.
8. The engineering apparatus according to claim 5,
wherein
the first data file group further includes a third data file,
the third data file including an input and output setting
of a field device for each control loop,
the second data file group further includes a fourth data
file, the fourth data file including the input and output
setting, and
the determiner is configured to:
extract second differential files including a changed
input and output setting from each of the first data
file group and the second data file group; and
detect mismatching between the input and output set-
ting included in the extracted second differential files
and the input and output path of the functional block
indicated by the element information included in the
differential file.
9. The engineering apparatus according to claim 2,
wherein
the processor is configured to integrate the differential file
and the data file including the element information that
has not been changed and input an integrated file into
a control apparatus used for controlling operation of the
industrial plant in a case that the determiner determines
that there is no mismatching between the functional
blocks and the input and output path.
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10. An engineering method using an engineering appara-
tus that is used for supporting engineering of facilities in an
industrial plant and comprises a storage storing a first data
file group including first data files, the first data files
including element information indicating one or a plurality
of functional blocks that are constituent elements of a
control logic for controlling operation of the industrial plant,
the engineering method comprising:

changing the element information included in the first

data files;
acquiring a second data file group including second data
files, the second data files including the changed ele-
ment information in another engineering apparatus;

extracting differential files including the changed element
information from each of the first data file group and
the second data file group; and

determining whether there is mismatching between func-

tional blocks indicated by the element information
included in the differential files.

11. The engineering method according to claim 10, further
comprising:

determining whether there is mismatching in an input and

output path between the functional blocks.

12. The engineering method according to claim 11,
wherein

the mismatching between the functional blocks indicates

overlapping names of the functional blocks or inappro-
priateness of a type of a functional block that is an input
or output connection target designated in the input and
output path, and

the mismatch of the input and output path between the
functional blocks indicates a state including at least one
of overlapping and missing of functional blocks that are
input or output connection targets designated in the
input and output path.
13. The engineering method according to claim 11,
wherein

the storage stores a definition file including previously
defined information, the previously defined informa-
tion indicating a part of input and output paths between
the functional blocks, and

each of the first data file group and the second data file
group includes an individual file including information
of another part of the input and output paths, and

determining whether there is mismatching in the input and
output path between the functional blocks comprises
detecting mismatching between the input and output
paths from the information of the another part of the
input and output paths included in the individual file
among the differential files.

14. The engineering method according to claim 11,

wherein

the data file is formed for each control loop of a control
apparatus used for controlling operation of the indus-
trial plant.
15. The engineering method according to claim 11,
wherein
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the data file is formed for each combination of a plurality
of control loops of a control apparatus used for con-
trolling operation of the industrial plant.

16. The engineering method according to claim 14,
wherein

the first data file group further includes a third data file,

the third data file including an input and output setting
of a field device for each control loop,

the second data file group further includes a fourth data

file, the fourth data file including the input and output
setting, and

the engineering method further comprises:

extracting second differential files including a changed
input and output setting from each of the first data
file group and the second data file group; and

detecting mismatching of the input and output setting
included in the extracted second differential files.

17. The engineering method according to claim 14,
wherein

the first data file group further includes a third data file,

the third data file including an input and output setting
of a field device for each control loop,

the second data file group further includes a fourth data

file, the fourth data file including the input and output
setting, and

the engineering method further comprises:

extracting second differential files including a changed
input and output setting from each of the first data
file group and the second data file group; and

detecting mismatching between the input and output
setting included in the extracted second differential
files and the input and output path of the functional
block indicated by the element information included
in the differential file.

18. The engineering method according to claim 11, further
comprising:

integrating the differential file and the data file including

the element information that has not been changed and
input an integrated file into a control apparatus used for
controlling operation of the industrial plant in a case
that it is determined that there is no mismatching
between the functional blocks and the input and output
path.

19. A non-transitory computer-readable storage medium
storing a program, which when executed by a computer of
an engineering apparatus that is used for supporting engi-
neering of facilities in an industrial plant and comprises a
storage storing a first data file group including first data files,
the first data files including element information indicating
one or a plurality of functional blocks that are constituent
elements of a control logic for controlling operation of the
industrial plant, causes the computer to:

change the element information included in the first data

files;
acquire a second data file group including second data
files, the second data files including the changed ele-
ment information in another engineering apparatus;

extract differential files including the changed element
information from each of the first data file group and
the second data file group; and

determine whether there is mismatching between func-

tional blocks indicated by the element information
included in the differential files.
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20. The non-transitory computer-readable storage
medium according to claim 19, wherein the program further
causes the computer to determine whether there is mis-
matching in an input and output path between the functional
blocks.



