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DESCRIPTION
Title: OPERATIONAL KNOW-HOW ESTIMATION DEVICE AND OPERATIONAL

KNOW-HOW ESTIMATION METHOD

Technical Field

[0001] The present invention relates to a technique which analyzes measured values
and control values of a plant for waterworks or sewerage (hereinafter referred to as “water
supply and sewerage plant”) and estimates, from the measured values regarding to the
water supply and sewerage plant, operational know-how for determining control values

regarding to operation manipulation for the plant.

Background Art

[0002] The water supply and sewerage plant is configured and equipped with on-site
facilities such as a water purification plant and a sewage treatment plant, as well as a
piping network buried in an urban area. In order to efficiently operate the water supply
and sewerage plant installed in such a wide area, an operator performs operation
manipulation with understanding of the state of the water supply and sewerage plant using
a monitoring and control system installed in the center. Under normal circumstances,
the operator changes the operating conditions in order to efficiently implement an
operation plan, and under abnormal circumstances, the operator performs response
operations to minimize the impact on the water supply and sewerage plant. Knowledge
of such state understanding and operation manipulation of such a water supply and
sewerage plant is referred to as operational know-how.

[0003] Conventionally, devices have been developed for the purpose of extracting

knowledge such as operational know-how from data. Since the accuracy of knowledge
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extraction depends on the data used, for the purpose of improving the accuracy of
knowledge extraction, there has been a technique in which knowledge extraction is
re-performed after adding new data when knowledge with accuracy sufficient enough
cannot be extracted from the data stored in the database in advance.

[0004] For example, the knowledge extraction device described in Patent Document 1
acquires discriminating knowledge that determines whether data having a plurality of
items belongs to which of two classes (e.g., success or failure, presence or absence) by
analyzing the same type of data. At this point, the knowledge extraction device
described in Patent Document 1 calculates the accuracy of the discrimination knowledge
using the correct answer rate and the like, and if it is insufficient, newly adds the data
used for mining. The knowledge extraction device described in Patent Document 1
repeats the process until the accuracy of the discrimination knowledge reaches
satisfactory level. The knowledge extraction device described in Patent Document 1

adds an extra item if the accuracy does not still reach the satisfactory level.

Prior Art Documents

Patent Documents

[0005] Patent Document 1: Japanese Patent Application Laid-Open No. 2004-38412

Summary

Problem to be Solved by the Invention

[0006] The operator of the water supply and sewerage plant performs operation
manipulation with understanding of the state of the water supply and sewerage plant
based on the measured values regarding the state of the water supply and sewerage plant

and the control values regarding the operation manipulation of the water supply and
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sewerage plant. Operational know-how regarding the state understanding and operation
manipulation of the water supply and sewerage plant can be obtained by analyzing the
relationship between time-series data of the measured values and the control values.
However, in order to perform this analysis, classification information, which is
information that patterns of these time-series data were classified, is required to be
attached to the time-series data of the measured values and the control values. There has
been a problem that the workload of the operator attaching this classification information
to the time-series data is high.

[0007] The present invention has been made to solve the above-mentioned problem,
and an object thereof is to reduce the workload of an operator to attach classification
information necessary for estimating operational know-how of a water supply and

sewerage plant to time-series data of measured values and control values.

Means to Solve the Problem

[0008] According to the present invention, an operational know-how estimation device
includes a data acquisition unit configured to acquire target time-series data being
time-series data of measured values regarding a state of a water plant and control values
regarding operation manipulation, a classification information attachment unit configured
to classify the target time-series data for each section by a clustering algorithm and attach
the classification information being a classification result to the sections of the target
time-series data, a know-how estimation unit configured to calculate a conditional
probability that the measured values and the control values are simultaneously established
for each classification information, and estimate operational know-how representing the
control values to be set for the measured values based on the conditional probability, and

a display control unit configured to create display information that supports state



10

15

20

25

understanding or operation manipulation of the water plant based on the operational
know-how and cause a display unit to display the display information.

[0009] The operational know-how estimation method includes the steps of acquiring
target time-series data being time-series data of measured values regarding a state of a
water plant and control values regarding operation manipulation, classifying the target
time-series data for each section by a clustering algorithm, attaching classification
information being a classification result to the sections of the target time-series data,
calculating a conditional probability that the measured values and the control values are
simultaneously held for each classification information, estimating operational know-how
representing the control values to be set for the measured values based on the conditional
probability, creating display information that supports state understanding or operation
manipulation of the water plant based on the operational know-how, and causing a

display unit to display the display information.

Effects of the Invention

[0010] According to the present invention, the classification information necessary for
estimating the operational know-how of the water plant is added to the time-series data;
therefore, the reduction in the workload of the operator who attaches the classification
information to the time-series data is ensured. The objects, features, aspects, and
advantages of the present invention will become more apparent from the following

detailed description and the accompanying drawings.

Brief Description of Drawings

[0011] [FIG. 1] A block diagram illustrating a configuration of an operational

know-how estimation device according to the first embodiment.
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[FIG. 2] A graph illustrating time-series data of labeled water level H.

[FIG. 3] A graph illustrating time-series data of labeled water supply quantity Q.

[FIG. 4] A table illustrating time-series data of water level H and water supply
quantity Q and data format of labels.

[FIG. 5] A table illustrating the estimation method of operational know-how and
the data format of operational know-how.

[FIG. 6] A diagram illustrating an operation guidance screen regarding water
supply quantity Q.

[FIG. 7] A diagram illustrating an abnormality sign monitoring screen regarding
water supply quantity Q.

[FIG. 8] A block diagram illustrating a configuration of an operational
know-how estimation device according to the second embodiment.

[FIG. 9] A diagram schematically illustrating an estimation method of a
magnitude attribute.

[FIG. 10] A scatter diagram of the water level H and the water supply quantity

[FIG. 11] A table illustrating conditional probabilities calculated based on the
number of data in the section to which each attribute illustrated in FIG. 10 is attached.

[FIG. 12] A diagram schematically illustrating an operation guidance screen
according to the second embodiment regarding the water supply quantity Q.

[FIG. 13] A diagram schematically illustrating an abnormality sign monitoring
screen according to the second embodiment regarding the water supply quantity Q.

[FIG. 14] A diagram schematically illustrating an educational support
information display screen regarding the water supply quantity Q.

[FIG. 15] A scatter diagram of the water level H and the water supply quantity
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Q that distinguishes the data of the normal circumstances and the data of construction
period.

[FIG. 16] A table illustrating conditional probabilities calculated by a know-how
estimation unit of the second embodiment based on the time-series data illustrated as a
scatter diagram in FIG. 15.

[FIG. 17] A block diagram illustrating a configuration of an operational
know-how estimation device according to the third embodiment.

[FIG. 18] A diagram illustrating a method in which an event determination unit
determines an event occurrence period from the time-series data and attributes thereof.

[FIG. 19] A table illustrating conditional probabilities calculated by a know-how
estimation unit of the third embodiment based on the time-series data of the water level H
and the water supply quantity Q illustrated as a scatter diagram in FIG. 15.

[FIG. 20] A block diagram illustrating a configuration of an operational
know-how estimation device according to the fourth embodiment.

[FIG. 21] A scatter diagram of the water level H and the water supply quantity
Q when the estimation accuracy of operational know-how satisfies the estimation
accuracy standard.

[FIG. 22] A scatter diagram of the water level H and the water supply quantity
Q when the estimation accuracy of operational know-how does not satisfy the estimation
accuracy standard.

[FIG. 23] A scatter diagram of the water level H and the water supply quantity
Q that are distinguished into the normal circumstances and the construction period.

[FIG. 24] A scatter diagram of a period E and the water supply quantity Q that
are distinguished into the normal circumstances and the construction period.

[FIG. 25] A scatter diagram of the period E and the reaction tank phosphorus
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concentration C obtained from response operation unknown data.

[FIG. 26] A scatter diagram of the period E and the reaction tank phosphorus
concentration C obtained from the response operation unknown data that the periods were
distinguished by the response operation data.

[FIG. 27] A scatter diagram of a drug injection amount L and the reaction tank
phosphorus concentration C.

[FIG. 28] A block diagram illustrating a configuration of an operational
know-how estimation device according to the fifth embodiment.

[FIG. 29] A block diagram illustrating a configuration of an operational
know-how estimation device according to the sixth embodiment.

Description of Embodiment(s)
[0012] <A. First Embodiment>

<A-1. Configuration>

FIG. 1 is a block diagram illustrating a configuration of an operational
know-how estimation device 1001 according to the first embodiment. As illustrated in
FIG. 1, the operational know-how estimation device 1001 includes a data input/output
unit 101, a label estimation unit 102, a know-how estimation unit 103, a display control
unit 104, a display unit 105, a measured value recording unit 201, a control value
recording unit 202, and an operational know-how recording unit 203.

[0013] The operational know-how estimation device 1001 includes an input device, an
output device, a central processing unit, or CPU, a primary storage device, a secondary
storage device, and, for example, communication equipment for connecting to networks
such as intranets.

[0014] The data input/output unit 101 in FIG. 1 is implemented by the input device.

The data input/output unit 101 may also be implemented by the communication
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equipment. Also, the label estimation unit 102, the know-how estimation unit 103, and
the display control unit 104 in FIG. 1 are implemented by the CPU executing a software
program stored in the primary storage device while storing data required for calculation in
the secondary storage device or reading data required for calculation from the secondary
storage device.

[0015] The display unit 105 in FIG. 1 is implemented by the output device. The
measured value recording unit 201, the control value recording unit 202, and the
operational know-how recording unit 203 in FIG. 1 are implemented by the primary
storage device or the secondary storage device.

[0016] The data input/output unit 101 collects measured values regarding the state of
the water supply and sewerage plant (hereinafter, simply referred to as “water plant™)
(hereafter, simply referred to as “measured value”) and control values regarding operating
manipulation (hereinafter, simply referred to as “control value”). The measured value
recording unit 201 records the time-series data of the measured values collected by the
data input/output unit 101. The control value recording unit 202 records the time-series
data of the control values collected by the data input/output unit 101.

[0017] The label estimation unit 102 attaches labels obtained by pattern-classifying the
time-series data of the measured values and the control values, or the time-series data
obtained by processing thereof from the time-series data of the measured values obtained
from the measured value recording unit 201 and the time-series data of the control values
obtained from the control value recording unit 202, to the time-series data. A label is
attached for each period (interval) of time-series data. The label estimation unit 102
classifies time-series data using a clustering algorithm such as k-means clustering or
Ward system. That is, the label is classification information obtained by classifying the

time-series data for each section. Hereinafter, the time-series data of the target to which
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the label estimation unit 102 attaches a label is simply referred to as “target time-series
data”.

[0018] The know-how estimation unit 103 acquires the label of the target time-series
data from the label estimation unit 102, estimates the operational know-how defined by a
conditional probability using the label of the target time-series data as a state variable,
estimates the operational know-how, and records the operational know-how in the
operational know-how recording unit 203.

[0019] The display control unit 104 acquires the target time-series data, the label of the
target time-series data, and the operational know-how from the operational know-how
recording unit 203, and based on these items, creates display information for supporting
the state grasp or operation manipulation of the water plant, and causes the display unit
105 to display the display information. As an example of the display information, an
operation guidance screen that conveys a recommendation value of the control value to
the operator, or an abnormality sign monitoring screen that conveys an abnormality sign
of the water plant to the operator are included. The screens will be described later.
[0020] <A-2. Operation>

FIG. 2 and FIG. 3 are graphs illustrating the target time-series data to which a label is
attached. The label estimation unit 102 classifies target time-series data using a
clustering algorithm such as k-means clustering or Ward system for each period. The
label estimation unit 102 attaches the same label to the waveforms determined to be
similar, and attaches the different label to the waveforms determined to be different.
[0021] FIG. 2 is a graph illustrating the time-series data of the water level H being the
measured values. The horizontal axis represents Time T. In FIG. 2, the labels Hi1, Hi1,
Hv1, Hi2, His, Hoi, Hig, and His are attached to the water level H in ascending order by

time.
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[0022] FIG. 3 is a graph illustrating the time-series data of the water supply quantity Q
being the control values. In FIG. 3, the labels Qvr1, Qr1, Qri1, Qr2, Qui, Qu1, Qr3, and Qr4
are attached to the water supply quantity Q in ascending order by time.

[0023] FIG. 4 is a graph illustrating the data format of the target time-series data and
the labels. As illustrated in the table of FIG. 4, the time-series data of the water level H
being the measured values, is composed of the values for each Time T. For example, the
measured value at Time t; at the water level H is hg.  Similarly, the time-series data of
the water supply quantity Q being the control value, is also composed of the values for
each Time T. For example, the measured value at Time t; at the water supply quantity Q
is qu. Further, the label of the time-series data has a value indicating a label for each
period to which the label is attached. For example, the label for the water level H is Hyr
between Times t; and to. Further, the label for the water supply quantity Q is Qi
between Times t| and to.

[0024] FIG. 5 is a table schematically illustrating the estimation method of operational
know-how and the data format of operational know-how. Each column of the table in
FIG. 5 represents Event X, Event Y, n(XixY;), and P(Y|X). Event X represents the
Cartesian product Hy, of the set based on the labels of the time-series data of the water
level H. Event Y represents the Cartesian product QL of the set based on the labels of
the time-series data of the water supply quantity Q. n(XixY;) represents the frequency in
which each element of the direct product set (XxY) of Event X and Event Y occurs
during an extraction target period of operational know-how. P(Y|X) represents the
conditional probability of Event Y when Event X occurs.

[0025] Event X is defined as X=Hr={Hvi,Hi2,Hr3,Hr4,His} by the five types labels of
the time-series data of water level H. Event Y is defined as Y=Qr={Qr1,Qr2,Q13,Qr4}

by four types of labels of time-series data of water supply quantity Q. The number of
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elements of each element of the direct product set (XxY) is the occurrence frequency of
each element of (HLxQr), and is n(HrixQr;). At this time, the conditional probability
P(Y|X) of Event Y when Event X occurs is expressed by the conditional probability
p(Qr|HL), in which the label Qr of the time-series data of the water supply quantity Q is
any of Qri, Qr2, Qu3, and Qrs when the label Hy of the time-series data of the water level
H is determined. That is, p(QL|HL)=(p(Qr,Hr))/(p(HL))=n(HLixQv;)/n(HLi). Here, it is,
n(HLi)=2n(HLixQy,).

[0026] FIG. 6 is a diagram schematically illustrating the operation guidance screen
according to the first embodiment regarding the water supply quantity Q. On the
operation guidance screen, trend graphs regarding the state variables QL and HLr of the
conditional probability p(QL|HL) representing the operational know-how regarding the
determination of the water supply quantity Q are displayed. Further, the display control
unit 104 compares the pattern of the current time-series data with the pattern of the past
time-series data having the same label, and calculates the value of the pattern of the past
time-series data having the highest degree of similarity as a recommendation value. The
display control unit 104 can calculate degree of similarity of the time-series data using a
degree of similarity calculation method such as the cross-correlation function method
(CCT) or the dynamic time warping method (DTW). On the operation guidance screen
of FIG. 6, the current value q; and the recommendation value q» of the water supply
quantity Q are displayed.

[0027] FIG. 7 is a diagram schematically illustrating an abnormality sign monitoring
screen according to the first embodiment regarding the water supply quantity Q. On the
abnormality sign monitoring screen, trend graphs regarding the state variables Qr and Hp
of the conditional probability p(Qr|HL) representing the operational know-how regarding

the determination of the water supply quantity Q are displayed. Further, the display
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control unit 104 compares the pattern of the current time-series data with the pattern of
the past time-series data of each label, and determines the label of the past time-series
data having the highest degree of similarity for the current time-series data. The display
control unit 104 can calculate degree of similarity of the time-series data using a degree of
similarity calculation method such as the cross-correlation function method (CCT) or the
dynamic time warping method (DTW).
[0028] When the past time-series data having the highest degree of similarity has been
registered as a normal pattern to the current time-series data, the display control unit 104
determines that it is an abnormality sign when the degree of deviation between the current
time-series data and the past time-series data having the highest degree of similarity
becomes larger. Further, when the past time-series data having the highest degree of
similarity has been registered as an abnormal pattern to the current time-series data, the
display control unit 104 determines that it is an abnormality sign when the current
time-series data and the past time-series data having the highest degree of similarity
match each other. When determining the abnormality sign, the display control unit 104
creates display information indicating that fact. On the abnormality sign monitoring
screen illustrated in FIG. 7, it is displayed that the current pattern of the time-series data
of the water supply quantity Q deviates from the pattern of the time-series data of the
water supply quantity Q under past normal circumstances and an abnormality sign has
been determined.
[0029] <A-3. Effect>

As described above, according to the first embodiment, the operational
know-how estimation device 1001 includes the data input/output unit 101 being a data
acquisition unit that acquires the target time-series data being the time-series data of the

measured values regarding the state of the water plant and the control values regarding
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the operation manipulation, the label estimation unit 102 being a classification
information attachment unit that classifies the target time-series data for each section by a
clustering algorithm and attaches the classification information being a classification
result to the sections of the target time-series data, the know-how estimation unit 103 that
calculates the conditional probability that the measured values and the control values are
simultaneously held for each piece of classification information, and estimates the
operational know-how representing the control values to be set for the measured values
based on the conditional probability, and the display control unit 104 that creates the
display information that supports the state understanding or the operation manipulation of
the water plant based on the operational know-how and causes the display unit 105 to
display the display information. Therefore, according to the operational know-how
estimation device 1001, even if the operator does not attach the classification information
to the target time-series data, the label estimation unit 102 attaches the classification
information and analyzes the target time-series data using the classification information,
thereby, estimating the operational know-how of the water plant.

[0030] Further, an operational know-how estimation method implemented by the
operational know-how estimation device 1001 of the first embodiment, target time-series
data being time-series data of measured values regarding a state of a water plant and
control values regarding operation manipulation is acquired, the target time-series data for
each section is classified by a clustering algorithm, classification information being a
classification result is attached to the sections of the target time-series data, a conditional
probability that the measured values and the control values are simultaneously held for
each classification information is calculated, operational know-how representing the
control values to be set for the measured values is estimated based on the conditional

probability, display information that supports state understanding or operation
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manipulation of the water plant is created based on the operational know-how, and a
display unit is caused to display the display information. Therefore, according to the
operational know-how estimation method of the first embodiment, the classification
information is automatically attached to the target time-series data even if the operator
does not attach the classification information to the target time-series data, and the target
time-series data is analyzed using the classification information and the operational
know-how of the water plant is estimated.
[0031] Further, in the operational know-how estimation device 1001 of the first
embodiment, the label estimation unit 102 being a classification information attachment
unit, classifies the pattern of the target time-series data, and attaches the result of the
pattern classification to the target time-series data as the classification information.
Therefore, according to the operational know-how estimation device 1001, the
classification information being the result of the pattern classification by the label
estimation unit 102 is attached to the target time-series data even if the operator does not
attach the classification information to the target time-series data, and the target
time-series data can be analyzed using the classification information and the operational
know-how of the water plant can be estimated.
[0032] <B. Second Embodiment>

<B-1. Configuration>

FIG. 8 is a block diagram illustrating a configuration of an operational
know-how estimation device 1002 according to the second embodiment. As illustrated
in FIG. 8, the operational know-how estimation device 1002 includes an attribute
estimation unit 106 instead of the label estimation unit 102 as compared with the
configuration of the operational know-how estimation device 1001 of the first

embodiment.
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[0033] The operational know-how estimation device 1002 includes an input device, an
output device, a central processing unit, or CPU, a primary storage device, a secondary
storage device, and, for example, communication equipment for connecting to networks
such as intranets.

[0034] The data input/output unit 101 in FIG. 8 is implemented by the input device.
The data input/output unit 101 may also be implemented by the communication
equipment. Also, the know-how estimation unit 103, the display control unit 104, and
the attribute estimation unit 106 in FIG. 8 are implemented by the CPU executing a
software program stored in the primary storage device while storing data required for
calculation in the secondary storage device or reading data required for calculation from
the secondary storage device.

[0035] The display unit 105 in FIG. 8 is implemented by the output device. The
measured value recording unit 201, the control value recording unit 202, and the
operational know-how recording unit 203 in FIG. 8 are implemented by the primary
storage device or the secondary storage device.

[0036] The data input/output unit 101 collects measured values regarding the process of
the water supply and sewerage plant from the equipment constituting the water supply
and sewerage plant, and inputs control values regarding the operation of the water supply

and sewerage plant to the equipment constituting the water supply and sewerage plant.

[0037] The attribute estimation unit 106 acquires the time-series data of the measured
values from the measured value recording unit 201, acquires the time-series data of the
control values from the control value recording unit 202, and attaches the magnitude
attribute to these tame-series data or the target time-series data being the time-series data
obtained by processing these time-series data. The magnitude attribute represents

understanding of the operator regarding the magnitude of the value of the time-series data,
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and has “Upper Limit Abnormality”, “High”, “Normal”, “Low”, “Lower Limit
Abnormality” and the like as attribute values. The attribute estimation unit 106
estimates the magnitude attribute by applying a clustering algorithm to the target
time-series data. When the attribute estimation unit 106 uses a method focusing on the
boundary of the increase or the decrease of the time-series data, the attribute estimation
unit 106 extracts the minimum values and the maximum values that are the boundaries of
the increase and the decrease of the target time-series data, clusters the distribution of the
extracted minimum values and the maximum values, and the value that best separates
each class is used as the boundary of attribute values, attaches the magnitude attribute

based on the magnitude relationship of the values.

[0038] The know-how estimation unit 103 acquires the attribute values of the target
time-series data from the attribute estimation unit 106, and estimates the operational
know-how represented by operates know-how expressed by a causal relationship between
the attribute values, or the operational know-how represented by the state transition of a
state of the plant defined by a combination of a plurality of attribute values, and record
either of estimated operational know-how in the operational know-how recording unit
203.

[0039] The display control unit 104 acquires the target time-series data, the label of the
target time-series data, and the operational know-how from the operational know-how
recording unit 203, and based on these items, creates the display information for
supporting the state grasp or the operation manipulation of the water plant, and causes the
display unit 105 to display the display information. As an example of the display
information, in addition to the operation guidance screen or the abnormality sign
monitoring screen described in the first embodiment, there is an education support

information display screen that informs the operator of the state transition of the plant
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defined by the combination of a plurality of labels. The education support information
display screen will be described later.
[0040] <B-2. Operation>

FIG. 9 is a diagram schematically illustrating an estimation method of the
magnitude attribute by the attribute estimation unit 106. Time-series data 400a
represents time-series data of measured values or control values used for extracting
operational know-how, or time-series data obtained by processing them. In the example
of FIG. 9, the time-series data of the water level H is represented. The attribute
estimation unit 106 extracts the maximum values 401a and the minimum values 401b of
the time-series data 400a in order to estimate the attribute 400b from the time-series data
400a, and clusters the distribution 402a of the maximum values 401a and the distribution
402b of the minimum values 401b, respectively to determine the boundaries of attribute
values. For example, 403a illustrated in FIG. 9 represents one of the boundary values of
the distribution of the maximum values, and 403b illustrated in FIG. 9 represents one of
the boundary values of the distribution of the minimum values.
[0041] The attribute estimation unit 106 clusters the distribution 402a of the maximum
values and the distribution 402b of the minimum values using a clustering algorithm such
as k-means clustering or Ward system. The attribute 400b represents the result of
estimating the operator's understanding of the magnitude of the time-series data of the
measured values or the control values or the time-series data processed thereof, and is
attached to each class which was subject to the classification of the distribution 402a of
the maximum values 401a and the distribution 402b of the minimum values 401b. For
example, when the distribution 402a of the maximum values 401a and the distribution
402b of the minimum values 401b are classified into six classes as illustrated in FIG. 9,

for the attribute 400b, Upper Limit Abnormality, Extreme High, High, Normal, Low, and
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Lower Limit Abnormality are attached in order of magnitude relation.

[0042] FIGS. 10 and 11 are diagrams schematically illustrating the estimation method
and data format of operational know-how. FIG. 10 is a scatter diagram of the water
level H and the water supply quantity Q. Regarding the water level H, two attributes of
Ha={Hai1(Low), Ha2(High)} are attached, and regarding the water supply quantity Q, two
attributes of Qa={Qa1(Low), Qa2(High)} are attached.

[0043] FIG. 11 illustrates conditional probabilities calculated based on the number of
data in the section to which each attribute illustrated in FIG. 10 is attached. Each
column of the table in FIG. 11 represents Event X, Event Y, n(XixY;), and P(Y|X).
Event X represents the Cartesian product Ha of the set based on the attribute of the
time-series data of the water level H. Event Y represents the Cartesian product Qa of
the set based on the attribute of the time-series data of the water supply quantity Q.
n(XixY;j) represents the frequency with which each element of the direct product set
(XxY) of Event X and Event Y occurs during an extraction target period of operational
know-how. P(Y|X) represents the conditional probability of Event Y when Event X
occurs.

[0044] Event X is defined as X=Ha={Hai1(Low), Ha> (High)} by the two attributes of
the time-series data of water level H. Event Y is defined as Y=Qa={Qai(Low),
Qa2(High)} by the two attributes of the time-series data of the water supply quantity Q.
The number of elements of each element of the direct product set (XXY) is the occurrence
frequency of each element of (HaxQa), and is n(HaixQa;). At this time, the conditional
probability P(Y|X) of Event Y when Event X occurs is expressed by the conditional
probability p(Qa|Ha), with which the attribute Qa of the time-series data of the water
supply quantity Q is any of Qai, Qa2, when the attribute Ha of the time-series data of the

water level H is determined. That is, p(Qa|Ha)=(p(Qa,Ha))/(p(Ha))=n(HaixQaj)/n(Hai).
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Here, it is, n(Hai)=Zjn(HaixQaj).

[0045] When the water level H is in the Hai (Low) section, the conditional probability
p(Qa2Ha1)=11/12 that sets the water supply quantity Q to Qa2 (High) is the highest.
Therefore, the know-how estimation unit 103 estimates the operational know-how that the
operation method of setting the water supply quantity Q to Qa2 (High) is a typical control
value when the water level H is in the section of Ha1 (Low). Similarly, when the water
level H is in the Ha2 (High) section, the conditional probability p(Qai|Ha2)=10/11 that
sets the water supply quantity Q to Qa1 (Low) is the highest. Therefore, the know-how
estimation unit 103 estimates the operational know-how that the operation method of
setting the water supply quantity Q to Qa1 (Low) is a typical control value when the water
level H is in the section of Ha> (High).

[0046] FIG. 12 is a diagram schematically illustrating the operation guidance screen
according to the second embodiment regarding the water supply quantity Q. On the
operation guidance screen, trend graphs or the like regarding the state variables Qa and
Ha of the conditional probability p(QalHa) representing the operational know-how
regarding the determination of the water supply quantity Q are displayed. Further, the
display control unit 104 selects the highest conditional probability p(Qa|Ha) whose prior
condition matches the attribute value of Ha at the current time from conditional
probability p(Qa|Ha), and calculates the range of the Qa attribute value at the selected
p(Qa|Ha) and the Q value that takes the attribute value as the recommendation value.
The information calculated by the display control unit 104 is displayed on the operation
guidance screen regarding the water supply quantity Q. In FIG. 12, the attribute (Low)
of the current value of the water supply quantity, the range of the recommendation value
of the water supply quantity, and the attribute (High) are displayed.

[0047] FIG. 13 is a diagram schematically illustrating an abnormality sign monitoring
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screen according to the second embodiment regarding the water supply quantity Q. On
the abnormality sign monitoring screen, trend graphs regarding the state variables Qa and
Ha of the conditional probability p(QalHa) representing the operational know-how
regarding the determination of the water supply quantity Q are displayed. Further, the
display control unit 104 determines it is the abnormal sign when the conditional
probability whose prior condition matches the attribute value of Ha at the current time
and whose posterior condition matches the attribute value of Qa at the current time falls
below a predetermined threshold value. Then, when determining that it is the abnormal
sign, the display control unit 104 selects the conditional probability p(Qa|Ha) that takes
the highest value from the conditional probabilities whose prior condition matches the
attribute value of Ha at the current time, and displays the range of the Qa attribute value
at the selected p(Qa|Ha) and the Q value that takes the attribute value as the
recommendation value.

[0048] FIG. 14 is a diagram schematically illustrating an educational support
information display screen regarding the water supply quantity Q. On the educational
support information display screen, a trend graph 1300 regarding the state variables Qa
and Ha of the conditional probability p(Qa|Ha) representing the operational know-how
regarding the determination of the water supply quantity Q is displayed. Black circles
1302 and 1303 in the trend graph 1300 indicate the time of interest. Further, the display
control unit 104 creates a state transition diagram 1301 based on the occurrence frequency
n(HaixQaj) for each plant state defined by the direct product HaixQaj of the state
variables Qa and Ha and the number of state transitions between the plant states. In the
state transition diagram 1301, each node 1304 to 1307 represents the plant state HaixQaj,
and each edge represents the state transition between each node 1304 to 1307. The

occurrence frequency n(HaixQaj) of plant states is represented by the size of each node
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1304 to 1307, and the number of state transitions between plant states is represented by
the thickness of edges. Of the nodes 1304 to 1307, the node 1304 representing the plant
state at the time of interest is drawn with a thicker line than or a different color from the
other nodes 1305 to 1307 to distinguish the node 1304 from the other nodes 1305 to 1307.
The operator can change the time of interest back and forth by shifting the positions of the
black circles 1302 and 1303 on the trend graph 1300 to the right and left. The node
distinguished from other nodes and displayed in the state transition diagram 1301 also
changes according to the change in the time of interest.
[0049] <B-3. Effect>

In the operational know-how estimation device 1002 of the second embodiment,
the attribute estimation unit 106 being a classification information attachment unit
estimates the magnitude attribute representing the understanding of the operator of the
water plant with respect to the size of the value of the target time-series data by the
classification for each section by the clustering algorithm, and attaches the magnitude
attribute to a section of the target time-series data as the classification information.
Therefore, according to the operational know-how estimation device 1001, even if the
operator does not attach the magnitude attribute to the target time-series data, the label
estimation unit 102 attaches the magnitude attribute and analyzes the target time-series
data using the magnitude attribute, thereby, estimating the operational know-how of the
water plant.
[0050] <C. Third Embodiment>

The operational know-how estimation device 1002 of the second embodiment
estimates and attaches the attributes to the target time-series data of the water plant.
However, the operational know-how estimation device 1002 have had a problem in that

the estimation accuracy of the operational know-how becomes low because the operator
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estimates the operational know-how throughout full period without distinguish between a
period in which an event used for determination of the operation manipulation occurs, or
a period in which response operation to the event is performed (hereinafter, these periods
are collectively referred to as an “event occurrence period”). An example thereof will be
described with reference to FIGS. 15 and 16.

[0051] FIG. 15 is a scatter diagram of the water level H and the water supply quantity
Q that distinguishes the data of the normal circumstances and the data of construction
period. In FIG. 15, black circles represent the data of the normal circumstances, and
white squares represent the data of construction period. FIG. 16 illustrates the
conditional probabilities calculated by the know-how estimation unit 103 of the second
embodiment based on the time-series data of the water level H and the water supply
quantity Q illustrated in the scatter diagram in FIG. 15. The know-how estimation unit
103 of the second embodiment estimates the conditional probability without
distinguishing between the data of the normal circumstances and the data of construction
period.

[0052] As illustrated in FIG. 16, when the water level H is in the Ha> (Medium) section,
the number of data n(Ha2xQa1)=9 that the water supply quantity Q is in the Qa1 (Low)
section and the number of data n(Ha2xQa2)=8 that the water supply quantity Q is in the
Qa2 (High) are almost equal to each other. Therefore, the operational know-how
estimation device 1002 cannot make a recommendation with a high conditional
probability that whether the water supply quantity Q should be set to Qa2 (High) or Qa1
(Low) when the water level H is Ha» (Medium).

[0053] Therefore, in the operational know-how estimation device of the third
embodiment, the operational know-how is estimated with high accuracy by taking the

event occurrence period as follows is in consideration.
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[0054] <C-1. Configuration>

FIG. 17 is a block diagram illustrating a configuration of an operational
know-how estimation device 1003 according to the third embodiment. As illustrated in
FIG. 17, the operational know-how estimation device 1003 includes an event
determination unit 107 in addition to the configuration of the operational know-how
estimation device 1002 of the second embodiment. The event determination unit 107
acquires the target time-series data of the water plant from and its attribute values from
the attribute estimation unit 106, determines the event occurrence period from the
information, and attaches period information including information on the normal
circumstances and the event occurrence period to the target time-series data. The
“normal circumstances” indicate a period other than the event occurrence period. The
know-how estimation unit 103 can improve the estimation accuracy of the operational
know-how by estimating the operational know-how at normal circumstances or for each
event occurrence period.
[0055] The operational know-how estimation device 1003 includes an input device, an
output device, a central processing unit, or CPU, a primary storage device, a secondary
storage device, and, for example, communication equipment for connecting to networks
such as intranets.
[0056] The data input/output unit 101 in FIG. 17 is implemented by the input device.
The data input/output unit 101 may also be implemented by the communication
equipment. Also, the know-how estimation unit 103, the display control unit 104, the
attribute estimation unit 106, and the event determination unit 107 in FIG. 17 are
implemented by the CPU executing a software program stored in the primary storage
device while storing data required for calculation in the secondary storage device or

reading data required for calculation from the secondary storage device.
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[0057] The display unit 105 in FIG. 17 is implemented by the output device. The
measured value recording unit 201, the control value recording unit 202, and the
operational know-how recording unit 203 in FIG. 17 are implemented by the primary
storage device or the secondary storage device.
[0058] <C-2. Operation>

The operation contents of the event determination unit 107 will be described.
FIG. 18 is a diagram illustrating a method in which the event determination unit 107
determines the event occurrence period from the time-series data 700a and its attribute
700b. The time-series data 700a is the time-series data of the water level H, and the
attribute 700b represents the magnitude attribute of the time-series data 700a.
[0059] The event determination unit 107 attaches the event occurrence period to the
time-series data 700a based on an event determination rule. Specifically, the event
determination unit 107 first extracts a pattern of the normal circumstances based on a
change pattern in the time-series of the maximum values 701a or the minimum values
701b of the time-series data 700a. The time-series data 700a contains the patterns, most
of which are the pattern where the extreme value attribute 700b changes from “Extreme
High, Low, Normal, Low, to Extreme High” as in the period 702a. Therefore, the event
determination unit 107 sets the period in which the extreme value attribute 700b changes
from “Extreme High, Low, Normal, Low, to Extreme High” as the normal circumstances.
In FIG. 18, the time-series data 700a repeats the pattern shown in the period 702a as the
minimum unit under the normal circumstances. Next, the time-series data 700a is
different from the pattern of the normal circumstances, in that, in the period 702b, the
extreme value attribute 700b changes from “Extreme High, Normal, Extreme High,
Normal, to Extreme High”. Therefore, the event determination unit 107 determines that

the period, from “Normal, Extreme High, to Normal” in the period 702b, which is a
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pattern different from that of the normal circumstances, is the occurrence period of Event
3. Similarly, the event determination unit 107 determines that the periods in which the
time-series data 700a shows patterns different from that of the normal circumstances are
the occurrence periods of Event 1 and Event 2. The event determination unit 107 may
use the time interval of the extreme value in the time-series data 700a for event
determination.

[0060] In FIG. 19, the conditional probabilities that the attributes of the water level H
and the water supply quantity Q are state variables are illustrated, which are calculated by
the know-how estimation unit 103 of the operational know-how estimation device 1003
based on the time-series data of the water level H and the water supply quantity Q
illustrated as a scatter diagram in FIG. 15. In order for the event determination unit 107
to distinguish between the data of normal circumstances and the data of construction
period, in FIG. 19, Event X includes the period attribute Ea={Eai1 (Normal), Ea>
(Construction)} in addition to the attribute Ha of the water level H. Therefore, the
conditional probability P(Y|X), which indicates whether the water supply quantity Q
should be set to Qa2 (High) or Qai (Low), is expressed as p(Qa|Ha,Ea) using the period
attribute Ea, the water level attribute Ha, and the water supply quantity attribute Qa. In
FIG. 19, when the water level attribute Ha=Ha> (Medium) and the water plant is Ea=Ea1
(Normal) at the normal circumstances, p(Qa=Qai|Ha=Ha2,Ea=Ea1)=9/10 whereas
p(Qa=Qa2|Ha=Ha2,Ea=Ea1)=1/10. Therefore, the know-how estimation unit 103 can
estimate the operational know-how that setting the water supply quantity Q to Qa1 (Low)
is a typical control method when the attribute of the water level H is Ha> under the normal
circumstances. Also, when the water level is Ha=Ha> (Medium) and the plant is Ea=Ea»
(Construction) being the construction period, p(Qa=Qai|[Ha=Ha2,Ea=E42)=0/8, whereas

p(Qa=Qa2[Ha=Ha2,Ea=Ex2)=8/8. Therefore, the know-how estimation unit 103 can
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estimate the operational know-how that setting the water supply quantity Q to Qa2 (High)
is a typical control method when the attribute of the water level H is Ha» during the
construction period.
[0061] In the above description, the operational know-how estimation device 1003 of
the third embodiment is described as a configuration in which the event determination
unit 107 is added to the operational know-how estimation device 1002 of the second
embodiment. However, the operational know-how estimation device 1003 of the third
embodiment may have a configuration in which the event determination unit 107 is added
to the operational know-how estimation device 1001 of the first embodiment.
[0062] <C-3.Effect>

The operational know-how estimation device 1003 of the third embodiment
includes the event determination unit (107) that detects the occurrence period of an event
used by the operator of the water plant to determine the operation manipulation from the
time-series data of the measured values. Then the know-how estimation unit 103
calculates the conditional probability that the measured values and the control values are
simultaneously held for each piece of classification information with the event occurrence
period and other periods being distinguished; therefore, according to the operational
know-how estimation device 1003, the operational know-how is estimated with the event
occurrence period and other periods being distinguished, and the accuracy of the
operational know-how improves.
[0063] <D. Fourth Embodiment>

The operational estimation device 1003 according to the third embodiment has
had a problem in that the estimation accuracy of the operational know-how is insufficient
when the time-series data used for estimating operational know-how is bad, such as when

the measured values or control values do not contain the information necessary for
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estimating operational know-how. An operational know-how estimation device 1004 of
the fourth embodiment solves the above-mentioned problem by the following
configuration.
[0064] <D-1. Configuration>

FIG. 20 is a block diagram illustrating a configuration of the operational
know-how estimation device 1004 according to the fourth embodiment. The operational
know-how estimation device 1004 includes an accuracy standard recording unit 204, a
response operation unknown data recording unit 205, an operation basis lacking data
recording unit 206, a lacking information input unit 108, and a know-how re-estimation
unit 109, in addition to the configuration of the operational know-how estimation device
1003 of the third embodiment.
[0065] The operational know-how estimation device 1004 includes an input device, an
output device, a central processing unit, or CPU, a primary storage device, a secondary
storage device, and, for example, communication equipment for connecting to networks
such as intranets.
[0066] The data input/output unit 101 and the lacking information input unit 108 in FIG.
20 are implemented by the input device. The data input/output unit 101 and the lacking
information input unit 108 may also be implemented by the communication equipment.
Also, the know-how estimation unit 103, the display control unit 104, the attribute
estimation unit 106, the event determination unit 107, and the know-how re-estimation
unit 109 in FIG. 20 are implemented by the CPU executing a software program stored in
the primary storage device while storing data required for calculation in the secondary
storage device or reading data required for calculation from the secondary storage device.
[0067] The display unit 105 in FIG. 20 is implemented by the output device. The

measured value recording unit 201, the control value recording unit 202, the operational
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know-now recording unit 203, the accuracy standard recording unit 204, the response
operation unknown data recording unit 205, and the operation basis lacking data
recording unit 206 in FIG. 20 are implemented by the primary storage device or the
secondary storage device.

[0068] The accuracy standard recording unit 204 records the estimation accuracy
standard of the operational know-how.

[0069] The know-how estimation unit 103 acquires the target time-series data to which
the magnitude attribute and the period attribute have been attached by the event
determination unit 107, and estimates the operational know-how regarding the plant state
and the operation manipulation from the acquired target time-series data. Further, based
on the estimated operational know-how and the estimation accuracy standard acquired
from the accuracy standard recording unit 204, the know-how estimation unit 103
determines data satisfying the estimation accuracy standard, response operation unknown
data in which the response operation is unknown, and operation basis lacking data lacking
basis of the response operation, among the target time-series data.

[0070] The response operation unknown data recording unit 205 records the target
time-series data determined to be the response operation unknown data by the know-how
estimation unit 103. The operation basis lacking data recording unit 205 records the
target time-series data determined to be the operation basis lacking data by the know-how
estimation unit 103.

[0071] The lacking information input unit 108 acquires the response operation
unknown data from the response operation unknown data recording unit 205, acquires the
operation basis lacking data from the operation basis lacking data recording unit 206,
based on the acquired data, requests the operator or the like being a user to input the

response operation data and the operation basis data, and accepts the input.
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[0072] based on the response operation data and the response operation lacking data
obtained from the lacking information input unit 108, or the operation basis data and the
operation basis lacking data obtained from the lacking information input unit 108, the
know-how re-estimation unit 109 re-estimates the state of the plant and the operational
know-how regarding operation manipulation, thereby improving the estimation accuracy
of the operational know-how.
[0073] The operation know-how recording unit 203 records the operational know-how
obtained from the know-how estimation unit 103 and the know-how re-estimation unit
109.
[0074] <D-2. Operation>

The know-how estimation unit 103 of the fourth embodiment estimates the
operational know-how based on the target time-series data, and also determines whether
the estimation accuracy of the operational know-how satisfies the estimation accuracy
standard using statistics such as mutual information.
[0075] FIG. 21 is a scatter diagram of the water level H and the water supply quantity
Q when the estimation accuracy of the operational know-how satisfies the estimation
accuracy standard. The know-how estimation unit 103 of the fourth embodiment
calculates the mutual information amount I(Qa; Ha) of the attribute value Qa of the water
supply quantity Q and the attribute value Ha of the water level H. The mutual
information amount I(Qa; Ha) represents the amount of information obtained regarding
the attribute value Qa of the water supply quantity by knowing the attribute value Ha of
the water level. If the mutual information amount I(Qa; Ha) is equal to or higher than
the threshold value Ity, the know-how estimation unit 103 determines that the estimation
accuracy of the operational know-how satisfies the estimation accuracy standard. That

is, the mutual information amount I(Qa; Ha) is a measure for the estimation accuracy of
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the operational know-how estimated from the time-series data of the water supply
quantity Q and the time-series data of the water level H, and its threshold value Ity is the
estimation accuracy standard of the operational know-how. Here, it is Ity=0.2[bit]. In
the example of FIG. 21, the probability p(Ha1,Qa1)=1/22 that Ha1AQa1 holds, and
similarly, p(Ha2,Qa1)=9/22, p(Ha1,Qa2)=11/22, p(Ha2,Qa2)=1/22, pHa1)=12/22,
p(Ha2)=10/22, p(Qa1)=10/22, and p(Qa2)=12/22. Therefore, the mutual information
1(Qa; Ha) is expressed as follows.

[0076]

[Expression 1]

TR p(hA,qA)
1Oy H) =% 0, .. PNy Q) log —— AW
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P(Hu)p Q) P (Ha)p @y
=0.56 [bit]

[0077] Therefore, I(Qa; Ha)>ITH is established and the know-how estimation unit 103
determines that the estimation accuracy of the operational know-how satisfies the
estimation accuracy standard.

[0078] FIG. 22 is a scatter diagram of the water level H and the water supply quantity
Q when the estimation accuracy of the operational know-how does not satisfy the
estimation accuracy standard. Similar to the example in FIG. 21, the threshold value of
mutual information is set to Ity=0.2[bit]. In the example in FIG. 22, it is
p(Ha1,Qa1)=3/46, p(Ha2,Qa1)=9/46, p(Ha3,Qa1)=10/46, p(Ha1,Qa2)=11/46,
p(Ha2,Qa2)=9/46, p(Ha3 . Qa2)=4/46, p(Ha1)=14/46, p(Ha2)=18/46, p(Ha3)=14/46,

p(Qa1)=22/46, p(Qa2)=24/46. Therefore, 1(Qa; Ha)=0.12[bit], and 1(Qa; Ha) <Irh.
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Therefore, the know-how estimation unit 103 determines that the estimation accuracy of
the operational know-how does not satisfy the estimation accuracy standard.

[0079] When the estimation accuracy of the operational know-how does not satisfy the
estimation accuracy standard, the know-how re-estimation unit 109 re-estimates the
operational know-how. The know-how re-estimation unit 109 re-estimates the
operational know-how using, for example, the operation basis lacking data recorded in the
operation basis lacking data recording unit 206 and the operation basis data input to the
lacking information input unit 108. Here, it is assumed that the user inputs the operation
basis data that “e; or after in the period E is a construction period and the period before e
is normal circumstances” in the lacking information input unit 108. This operation basis
data can be said to be attribute information regarding the period of the operation basis
lacking data.

[0080] The know-how re-estimation unit 109 can distinguish the operation basis
lacking data into the data of normal circumstances and the data of construction period
with the operation basis data. With the distinction, the scatter diagram of the water level
H and the water supply quantity Q illustrated in FIG. 22 is represented as illustrated in
FIG. 23. In FIG. 23, the data of normal circumstances (Eai1) is represented by black
circles, and the data of construction period (Ea2) is represented by white squares. FIG.
24 is a scatter diagram of the period E and the water supply quantity Q that are
distinguished into the normal circumstances and the construction period. In FIG. 24, the
data of normal circumstances (Ea1) is represented by black circles, and the data of
construction period (Ea2) is represented by white squares.

[0081] In the example of FIG. 23, the know-how re-estimation unit 109 calculates a
simultaneous occurrence probability for each attribute of the water level H, the water

supply quantity Q, and the period E based on the data occurrence frequency. They are
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p(Ha1,Qa1,Ea1)=3/46, p(Ha2,Qa1,EA1)=9/46, p(Ha3,Qa1,Ea1)=0/46, p(Ha1,Qa2,Ea1)=11/46,
p(Ha2,Qa2,Ea1)=1/46, p(Ha3,Qa2,Ea1)=0/46, p(Ha1,Qa1,EA2)=0/46, p(Ha2,Qa1,Ea2)=0/46,
p(Ha3,Qa1,EA2)=10/46, p(Ha1,Qa2,Ea2)=0/46, p(Ha2,Qa2,EA2)=8/46, p(Ha3,Qa2,EA2)=4/46,
p(Ha1,Ea1)=14/46, p(Haz2,Ea1)=10/46, p(Ha3z,Ea1)=0/46, p(Ha1,Ea2)=0/46,
p(Ha2,Ea2)=8/46, p(Ha3z,Ea2)=14/46, p(Qa1,Ea1)=12/46, p(Qa2,Ea1)=12/46,
p(Qa1,Ea2)=10/46, p(Qa2,Ea2)=12/46, p(Ea1)=24/46, and p(Ea2)=22/46. Therefore, the
mutual information amount 1(Qa; Ha|Ea)=0.40 [bit]. Here, the mutual information
amount 1(Qa; HalEa) is an information amount regarding the attribute Qa of the water
supply quantity obtained by knowing the attribute Ha of the water level after
distinguishing whether the attribute Ea of the period is Eai (Normal) or Eaz
(Construction).  Therefore, 1(Qa; Ha|Ea)>Itn is established and the know-how
re-estimation unit 109 determines that the estimation accuracy of the operational
know-how satisfies the estimation accuracy standard. Then, the know-how
re-estimation unit 109 calculates the conditional probability p(Qa|Ha, Ea) and
re-estimates the operational know-how from p(Qa[Ha, Ea).

[0082] FIG. 25 is a scatter diagram of the period E and the reaction tank phosphorus
concentration C representing an example of the response operation unknown data. The
reaction tank phosphorus concentration C takes the value of Caz (Medium) or Cai (Low)
under normal circumstances, but it takes the value of Ca3 (High) during the period Ea» of
Event 1, and then it returns to Ca> (Medium) and Ca; (Low), which is an unusual pattern.
However, there is no time-series data of the control value in the period Ea2 of Event 1;
therefore, the know-how estimation unit 103 assumes to determine that the time-series
data of the reaction tank phosphorus concentration C is the response operation unknown
data. In FIG. 25, the data of normal circumstances is represented by black circles, and

the data during Event 1 period is represented by white squares.
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[0083] Therefore, the know-how re-estimation unit 109 re-estimates the operational
know-how using the response operation unknown data recorded in the response operation
unknown data recording unit 205 and the response operation data input to the lacking
information input unit 108. Here, it is assumed that the user has input the response
operation data that “the response operation periods in Event 1 are from e4 to es, and from
6 to e7” and “the drug injection amount L is incremented by I; from e4 to es and the drug
injection amount L is decremented by 1; from es to e7” to the lacking information input
unit 108. That is, the response operation data is the time-series data of control values in
the event occurrence period in the response operation unknown data.

[0084] By the response operation data, the know-how re-estimation unit 109 can
distinguish the response operation unknown data into periods of e2 or before and e; or
after of normal circumstances (Ea1), response operation non-execution periods that from
e2 to e4, from es to e, and from e7 to e3, a drug injection amount L incrementing period
(Ea22) at the occurrence of Event 1 from es4 to es, or a drug injection amount L
decrementing period (Ea2-3) at the occurrence of Event 1 from es to e;. With the
distinction, the scatter diagram of the period E and the reaction tank phosphorous
concentration C illustrated in FIG. 25 is represented as illustrated in FIG. 26. In FIG. 26,
the data of the period attribute Ea; is represented by black circles, the data of the period
attribute Ea».1 is represented by diagonal hatched squares, the data of the period attribute
Ea2- is represented by black squares, and the data of the period attribute Eaz3 is
represented by squares with a sand hatch pattern.

[0085] FIG. 27 is a scatter diagram of a drug injection amount L and the reaction tank
phosphorus concentration C. Also in FIG. 27, the data of the period attribute Ea; is
represented by black circles, the data of the period attribute Ea».; is represented by

diagonal hatched squares, the data of the period attribute Eaz-2 is represented by black
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squares, and the data of the period attribute Eaz3 is represented by squares with a sand
hatch pattern.

[0086] In the example of FIG. 27, the know-how re-estimation unit 109 calculates a
simultaneous occurrence probability for each attribute of the drug injection amount L and
the reaction tank phosphorous C based on the data occurrence frequency. They are
p(La1,Ca1)=2/22, p(La2,Ca1)=4/22, p(La3,Ca1)=0/22, p(La1,Ca2)=0/22, p(LA2,Ca2)=13/22,
p(La3,Ca2)=0/22, p(La1,Ca3)=0/22, p(La2,Ca3)=1/22, p(La3,Ca3)=2/22, p(La1)=2/22,
p(La2)=18/22, p(La3)=2/22, p(Ca1)=6/22, p(Ca2)=13/22, and p(Ca3)=3/22. Therefore,
the mutual information amount I(La;Ca)=0.49 [bit]. Here, the mutual information
amount I(La; Ca) is an information amount regarding an attribute La of a drug injection
amount increase/decrease value obtained by knowing the attribute Ca of the reaction tank
phosphorus concentration. Therefore, I(La; Ca)>Ith is established and the know-how
re-estimation unit 109 determines that the estimation accuracy of the operational
know-how satisfies the estimation accuracy standard. Then, the know-how
re-estimation unit 109 calculates the conditional probability p(La|Ca) and re-estimates the
operational know-how from p(La|Ca).

[0087] In the above description, the operational know-how estimation device 1004 of
the fourth embodiment is described as a configuration in which the know-how
re-estimation unit 109 and the like are added to the operational know-how estimation
device 1003 of the third embodiment. However, the operational know-how estimation
device 1004 of the fourth embodiment may have a configuration in which the know-how
re-estimation unit 109 and the like are added to the operational know-how estimation
device 1001 or 1002 of the first or second embodiment.

[0088] <D-3. Effect>

The operational know-how estimation device 1004 of the fourth embodiment
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includes the lacking information input unit 108 which is an input unit for receiving input
from a user, and the know-how re-estimation unit 109 that re-estimates the operational
know-how. The know-how estimation unit 103 determines that the time-series data of
the measured values is the response operation unknown data when the time-series data of
the control values in the event occurrence period determined from the time-series data of
the measured values does not exist. The lacking information input unit 108 receives the
time-series data of control values in the event occurrence period in the response operation
unknown data as the response operation data from the user. The know-how
re-estimation unit 109 re-estimates the operational know-how based on the response
operation unknown data and the response operation data. Therefore, according to the
operational know-how estimation device 1004, even if there is the response operation
unknown data, the operational know-how can be estimated with high accuracy by
supplementing the response operation unknown data with the response operation data
received from the user.

[0089] Further, in the operational know-how estimation device 1004 of the fourth
embodiment, the know-how estimation unit 103 determines that the time-series data of
the measured values and the control values as the operation basis lacking data when the
mutual information amount between the time-series data of the measured values and the
time-series data of the control values is equal to or less than the predetermined threshold
value. The lacking information input unit 108 receives the attribute information
regarding the period of the operation basis lacking data as the operation basis data from
the user. The know-how re-estimation unit 109 re-estimates the operational know-how
based on the operation basis lacking data and the operation basis data. Therefore,
according to the operational know-how estimation device 1004, even if there is the

operation basis lacking data, the operational know-how can be estimated with high
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accuracy by supplementing the operation basis lacking data with the operation basis data
received from the user.
[0090] <E. Fifth Embodiment>

In the operational know-how estimation device 1004 of the fourth embodiment,
there has been a problem in that the attribute information indicating the understanding of
the operator is estimated and attached to the target time-series data, but the number of
attribute information attached becomes large in number when compared to the
understanding of the operator, depending on the value of the target time-series data. An
operational know-how estimation device 1005 of the fifth embodiment solves the
above-mentioned problem by the following configuration.
[0091] FIG. 28 is a block diagram illustrating a configuration of the operational
know-how estimation device 1005 according to the fifth embodiment. the operational
know-how estimation device 1005 includes an attribute attachment constraint recording
unit 207 in addition to the configuration of the operational know-how estimation device
1004 of the fourth embodiment.
[0092] The operational know-how estimation device 1005 includes an input device, an
output device, a central processing unit, or CPU, a primary storage device, a secondary
storage device, and, for example, communication equipment for connecting to networks
such as intranets.
[0093] The data input/output unit 101 and the lacking information input unit 108 in FIG.
28 are implemented by the input device. The data input/output unit 101 and the lacking
information input unit 108 may also be implemented by the communication equipment.
Also, the know-how estimation unit 103, the display control unit 104, the attribute
estimation unit 106, the event determination unit 107, and the know-how re-estimation

unit 109 in FIG. 28 are implemented by the CPU executing a software program stored in
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the primary storage device while storing data required for calculation in the secondary
storage device or reading data required for calculation from the secondary storage device.
[0094] The display unit 105 in FIG. 28 is implemented by the output device. The
measured value recording unit 201, the control value recording unit 202, the operational
know-now recording unit 203, the accuracy standard recording unit 204, the response
operation unknown data recording unit 205, the operation basis lacking data recording
unit 206, and the attribute attachment constraint recording unit 207 in FIG. 28 are
implemented by the primary storage device or the secondary storage device.

[0095] The attribute attachment constraint recording unit 207 records the attribute
attachment constraint. When estimating the attribute, the attribute estimation unit 106
estimates the attribute after taking the attribute attachment constraint recorded in the
attribute attachment constraint recording unit 207 into consideration.

[0096] An example of the attribute attachment constraint is “a plurality of attributes
must not be attached to a section in which the change width of the time-series data is
equal to or less than a certain percentage of the maximum change width”. The
maximum change width of the time-series data is calculated from the maximum value and
the minimum value. In this case, if a plurality of attributes are estimated in the section
where the change width of the time-series data is equal to or less than a certain percentage
of the maximum change width, the attribute estimation unit 106 calculates the attribute
that integrates the attributes, and attaches it to the section of the time-series data. In this
manner, the attribute attachment constraint is a constraint regarding the section length of
the target time-series data to which one piece of attribute information is attached.

[0097] In the above description, the operational know-how estimation device 1005 of
the fifth embodiment is described as a configuration in which the attribute attachment

constraint recording unit 207 is added to the operational know-how estimation device
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1004 of the fourth embodiment. However, the operational know-how estimation device
1005 of the fifth embodiment may have a configuration in which the attribute attachment
constraint recording unit 207 is added to a configuration in which the attribute estimation
unit 106 is added to the operational know-how estimation device 1002 or 1003 of the
second or third embodiment.
[0098] According to the operational know-how estimation device 1005 of the fifth
embodiment, the attribute estimation unit 106 being a classification information
attachment unit attaches the attribute information to the section of the target time-series
data according to the attribute attachment constraint which is the constraint regarding the
section length of the target time-series data to which one piece of attribute information is
attached. Therefore, according to the operational know-how estimation device 1005 of
the fifth embodiment, that the attribute information attached to the target time-series data
becomes larger in number when compared to the understanding of the operator can be
avoided regardless of the target time-series data.
[0099] <F. Sixth Embodiment>

In the operational know-how estimation device 1004 of the fourth embodiment,
the event occurrence period is determined in the target time-series data. However, there
has been a problem in that, depending on the value of the target time-series data, the
number of types of events to be determined becomes large in numbers when compared to
the understanding of the operator. An operational know-how estimation device 1006 of
the sixth embodiment solves the above-mentioned problem by the following
configuration.
[0100] FIG. 29 is a block diagram illustrating a configuration of the operational
know-how estimation device 1006 according to the sixth embodiment. The operational

know-how estimation device 1006 includes an event detection sensitivity recording unit
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208 in addition to the configuration of the operational know-how estimation device 1004
of the fourth embodiment. The event detection sensitivity recording unit 208 records
event detection sensitivity. The event detection sensitivity indicates the matching degree
of the feature amounts in two sections that can be regarded as sections of the target
time-series data, in which the events occurring are the same.

[0101] The operational know-how estimation device 1006 includes an input device, an
output device, a central processing unit, or CPU, a primary storage device, a secondary
storage device, and, for example, communication equipment for connecting to networks
such as intranets.

[0102] The data input/output unit 101 and the lacking information input unit 108 in FIG.
29 are implemented by the input device. The data input/output unit 101 and the lacking
information input unit 108 may also be implemented by the communication equipment.
Also, the know-how estimation unit 103, the display control unit 104, the attribute
estimation unit 106, the event determination unit 107, and the know-how re-estimation
unit 109 in FIG. 29 are implemented by the CPU executing a software program stored in
the primary storage device while storing data required for calculation in the secondary
storage device or reading data required for calculation from the secondary storage device.
[0103] The display unit 105 in FIG. 29 is implemented by the output device. The
measured value recording unit 201, the control value recording unit 202, the operational
know-now recording unit 203, the accuracy standard recording unit 204, the response
operation unknown data recording unit 205, the operation basis lacking data recording
unit 206, and the event detection sensitivity recording unit 208 in FIG. 29 are
implemented by the primary storage device or the secondary storage device.

[0104] The event determination unit 107 determines an event of the target time-series

data according to the event detection sensitivity recorded in the event detection sensitivity
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recording unit 208. For example, in the case where the event detection sensitivity is
70%, the event determination unit 107 determines that the events that are occurring in the
both sections are the same when the matching degree of the feature amounts in the two
sections of the target time-series data, and determines that events that are occurring in the
both sections are different from each other when the matching degree is lower than 70%.
Further, when determining events based on a pattern of extreme value attribute of the
target time-series data, the event determination unit 107 determines that the events that
are occurring in determination target sections are the same, when it is a pattern of extreme
value attribute of the target time-series data under normal circumstances and when the
matching degree of the pattern of the extreme value attribute in the determination target
sections is lower than 70%. Further, when determining events based on a time interval
of extreme value of the target time-series data, the event determination unit 107
determines that the events that are occurring in determination target sections are the same,
when it is a pattern of the time interval of the extreme value of the target time-series data
under normal circumstances and when the matching degree of the pattern of the time
interval of the extreme value in the determination target sections is lower than 70%.
[0105] In the above description, the operational know-how estimation device 1006 of
the sixth embodiment is described as a configuration in which the event detection
sensitivity recording unit 208 is added to the operational know-how estimation device
1004 of the fourth embodiment. However, the operational know-how estimation device
1006 of the sixth embodiment may have a configuration in which the event detection
sensitivity recording unit 208 is added to a configuration in which the attribute estimation
unit 106 is added to the operational know-how estimation device 1002 or 1003 of the
second or third embodiment.

[0106] The operational know-how estimation device 1006 of the sixth embodiment
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includes the event detection sensitivity recording unit 208 that records the event detection
sensitivity that defines the degree of matching of the feature amount in the time-series
data of the measured values, which is the detection condition of the event occurrence
period in the event determination unit 107. The event determination unit detects the
event occurrence period based on the event detection sensitivity. Therefore, according
to the operational know-how estimation device 1006 of the sixth embodiment, the number
of types of events detected from the target time-series data becomes larger when
compared to the understanding of the operator can be avoided regardless of the target
time-series data.

[0107] The embodiments of the present invention can be combined, appropriately
modified or omitted, without departing from the scope of the invention. While the
invention has been described in detail, the foregoing description is in all aspects
illustrative and not restrictive. It is understood that numerous other modifications not

having been described can be devised without departing from the scope of the invention.

Explanation of Reference Signs

[0108] 101 data input/output unit, 102 label estimation unit, 105 know-how
estimation unit, 104 display control unit, 105 display unit, 106 attribute estimation
unit, 107 event determination unit, 108 lacking information input unit, 109
know-how re-estimation unit, 201 measured value recording unit, 202 control value
recording unit, 203 operational know-how recording unit, 204 accuracy standard
recording unit, 205 response operation unknown data recording unit, 206 operation
basis lacking data recording unit, 207 attribute attachment constraint recording unit, 208
event detection sensitivity recording unit, 1001 to 1006 operational know-how

estimation device.
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CLAIMS
[Claim 1]

An operational know-how estimation device comprising:

a data acquisition unit configured to acquire target time-series data being
time-series data of measured values regarding a state of a water plant and control values
regarding operation manipulation;

a classification information attachment unit configured to classify the target
time-series data for each section by a clustering algorithm and attach classification
information being a classification result to the sections of the target time-series data;

a know-how estimation unit configured to calculate a conditional probability
that the measured values and the control values are simultaneously established for each
classification information, and estimate operational know-how representing the control
values to be set for the measured values based on the conditional probability; and

a display control unit configured to create display information that supports state
understanding or operation manipulation of the water plant based on the operational

know-how and cause a display unit to display the display information.

[Claim 2]

The operational know-how estimation device according to claim 1, wherein

the classification information attachment unit is configured to perform
pattern-classifying the target time-series data and attaches a result of the

pattern-classifying to the target time-series data as the classification information.

[Claim 3]

The operational know-how estimation device according to claim 1, wherein
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the classification information attachment unit is configured to estimate a
magnitude attribute representing understanding of an operator of the water plant with
respect to a size of a value of the target time-series data by the classification, and attaches
the magnitude attribute to a section of the target time-series data as the classification

information.

[Claim 4]

The operational know-how estimation device according to any one of claims 1
to 3, further comprising

an event determination unit configured to detect an event occurrence period
used by the operator of the water plant to determine operation manipulation from the
time-series data of the measured values, wherein

the know-how estimation unit is configured to calculate a conditional
probability that the measured values and the control values are simultaneously held for
each piece of classification information with the event occurrence period and other

periods being distinguished.

[Claim 5]

The operational know-how estimation device according to claim 4, wherein

the event determination unit is configured to detect the event occurrence period
based on a change pattern of an extreme value in the time-series data of the measured

values.

[Claim 6]

The operational know-how estimation device according to claim 4, wherein
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the event determination unit is configured to detect the event occurrence period
based on a time interval of an extreme value in the time-series data of the measured

values.

[Claim 7]

The operational know-how estimation device according to any one of claims 4
to 6, further comprising:

an input unit configured to receive input from a user;

a know-how re-estimation unit configured to re-estimate the operational
know-how, wherein

the know-how estimation unit is configured to determine that the time-series
data of the measured values is response operation unknown data when the time-series data
of the control values in the event occurrence period determined from the time-series data
of the measured values does not exist,

the input unit is configured to receive the time-series data of the control values
in the event occurrence period in the response operation unknown data as response
operation data from the user, and

the know-how re-estimation unit is configured to re-estimate the operational
know-how based on the response operation unknown data and the response operation

data.

[Claim 8]
The operational know-how estimation device according to claim 7, wherein
the know-how estimation unit is configured to determine that the time-series

data of the measured values and the time-series data of the control values as operation
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basis lacking data when a mutual information amount between the time-series data of the
measured values and the time-series data of the control values is equal to or less than a
predetermined threshold value,

the input unit is configured to receive attribute information regarding a period of
the operation basis lacking data as operation basis data from the user, and

the know-how re-estimation unit is configured to re-estimate the operational

know-how based on the operation basis lacking data and the operation basis data.

[Claim 9]

The operational know-how estimation device according to claim 3, wherein

the classification information attachment unit is configured to attach the
attribute information to the section of the target time-series data according to an attribute
attachment constraint which is a constraint regarding a section length of the target

time-series data to which one piece of attribute information is attached.

[Claim 10]

The operational know-how estimation device according to any one of claims 4
to 7, further comprising

an event detection sensitivity recording unit configured to record event detection
sensitivity that defines a degree of matching of a feature amount in the time-series data of
the measured values for detecting the event occurrence period in the event determination
unit, and

the event determination unit is configured to detect the event occurrence period

based on the event detection sensitivity.
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[Claim 11]

An operational know-how estimation method comprising the steps of:

acquiring target time-series data being time-series data of measured values
regarding a state of a water plant and control values regarding operation manipulation;

classifying the target time-series data for each section by a clustering algorithm;

attaching classification information being a classification result to the sections
of the target time-series data;

calculating a conditional probability that the measured values and the control
values are simultaneously held for each classification information;

estimating operational know-how representing the control values to be set for
the measured values based on the conditional probability;

creating display information that supports state understanding or operation
manipulation of the water plant based on the operational know-how; and

causing a display unit to display the display information.



