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The present invention aims to control elements to improve operation efficiency of a plant based on a correlation value of the past
accumulated data. An optimal operation controller of a plant includes: a correlation analyzing unit for obtaining correlation
between a state of a predetermined process and each element based on an operation status of the plant to be controlled,
storing the correlation in a correlation table, and computing operation efficiency for the each element based on the operation
status of the plant; a categorization efficiency table for storing the operation efficiency of the predetermined process computed
by the correlation analyzing unit for the operation status of the plant; and an optimal pattern searching unit for referring to the
categorization efficiency table based on a data input from the plant and controlling and outputting an instruction to control the
each element.
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Abstract
The present invention aims to control elements to improve operation
efficiency of a plant based on a correlation value of \the past accumulated
data. An optimal operation controller of a plant includes:
a correlation analyzing unit for obtaining correlation between a state
of a predetermined process and each element based on an operation status of
the plant to be controlled, storing the correlation in a correlation table, and

computing operation efficiency for the each element based on the operation

status of the plant;

a categorization efficiency table for storing the operation etiiciency of

the predetermined process computed by the correlation analyzing unit for

the operation status of the plant; and

an optimal pattern searching unit for referring to the categorization
efficiency table based on a data input from the plant and controlling and

outputting an 1nstruction to control the each element.
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Title of the Invention

BACKGROUND QF THE INVENTION

5 Field of the Invention

The present invention relates to an optimal operation controller of a
power generation plant, etc., and 1n particular, an optimal operation
controller of a plant for operating plural devices which configure the plant by

predetermined values so as to optimize the operation of the entire plant.

10  Description of the Related Art

Conventionally, in an optimal operation controller of a plant for a
predicted load, efficiency of éach constructing device varies according to an
operation output of the constructing device, so that it is impossible to obtain
an optimal solution for the optimal operation of each constructing device at

156  once.

In order to solve this inconvenience, in a conventional opfimal
operation controller obtains the optimal solution by repeatedly performing
computations for the optimal solution usi.ng'a linear planning method.

Fig. 9 shows, for example, a conventional scheduling apparatus for

20  optimal operation disclosed in the J apanese Uﬁexamine‘d Patent Publication
No. 5-100712, which includes an optimal solution computing unit 93 for
obtaining a computed result of an optimal solution of the operation for each
constructing device of the plant, a load/optimal solution correspondence table

92 for storing a correspondence between a load and the optimal solution, and

25  an mitial solution setting unit 91.
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The optimal solution computing unit of the scheduling apparatus
computes efficiency of each constructing device based on an operational
amount-efficiency feature curve, and obtains the optimal solution of the
operational amount by a linear planning method based on the load and the
computed device efficiency. If the obtained result equals an 1nitial solution
of the operational amount, this is assumed the optimal solution; if does not
equal, the newly computed operational amount is set as an 1nitial value, and
the above step i1s repeated to obtain the optimal solution. Further, the
scheduling apparatus has a means to set the initial value by referring to the
load/optimal solution correspondence table which accumulates the past

computation results to minimize the number of computations; and compute

the optimal solution at a high speed.

The optimal solution computing method in the conventional
controllér for the optimal operation of the plant is formed as described above,
which 1s an analyzing method based on a control model and a device
designed value. Accordingly, there 1s a problem that the computed result
does not always show the optimal operation status of an actual plant, since
importanf parameters other than processing data such as locating condition
and weather condition of the power generation plant are not considered.

The present invention is made to solve the above problem and aims

to obtain a controller for the operation of a plant with the optimal efficiency

by considering various conditions which effect efficiency of the actual plant

and learning the optimal controlling value based on the past operation data

of the plant.
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According to the present invention, an optimal operation controller of
a plant includes:

a correlation analyzing unit for obtaining correlation between a state
of predetermined process and each element based on an operation status of
the plant to be controlled, storing the correlation in a correlation table, and

computing operation efficiency for the each element based on the operation

status of the plant;

a categorization efficiency table for storing the operation efficiency of
the predetermined process computed by the correlation analyzing unit; and

an optimal pattern searching unit for referring to the categorization
efficiency table based on a data input from the plant and outputting an

mstruction to control the each element.

In the optimal operation controller of the invention,

the categorization efficiency table stores the operation efficiency for

an element and the operation efficiency of an entire plant, and

the optimal pattern searching unit controls the each element in

consideration of the operation efficiency of the entire plant.

In the optimal operation controller of the invention, the correlation

analyzing unit categorizes the correlation between the state of the

- predetermined process and the each element into specific steps based on the

data mput from the plant to be controlled and writes the correlation in the

correlation table.

In the optimal operation controller of the invention, wherein

the categorization efficiency table stores an approximated curve
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- generated by the categorized correlation, and

the optimal pattern searching unit outputs the instruction by
referring to the approximated curve.

According to another aspect of the invention, an optimal operation

5 controlling method of a plant, includes:

a correlation analyzing for obtaining correlation between a state of
predetermined process and each element based on an operation status of the
plant to be controlled, ‘

a storing the correlation obtained by the correlation analyzing step

10  into a correlation table,

an efficiency computing for the each element based on the operation
status of the plant,

a storing the operation efficiency of the predetermined process
obtained by the efficiency computing step into a categorization efficiency

15 table, and
an optimal pattern searching for outputting an instruction to each

element by referring to the correlation table and the categorization efficiency

table.

20 BRIEF EXPLANATION OF THE DRAWINGS

A complete appreciation of the present invention and many of the
attendant advantages thereof will be readily obtained as the same becomes
better understood by reference to the following detailed description when
considered in connection with the accompanying drawings, wherein:

25 Fig. 1 shows a configuration of an optimal operation controller of a
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plant according to the first embodiment of the present invention;

Fig. 2 explains an operation of a correlation analyzing unit according

to the first embodiment;
Figs. 3A and 3B explain strength/weakness of the correlation;
5 Fig. 4 explains creation of a table showing device efficiencies
according to the first embodiment;
Figs. BA and 5B show diagrams showing the device efficiencies for
parameters according to the first embodiment;
Fig. 6 shows a relationship between the device efficiency and
10 efficiency of the entire plant according to the first embodiment;
Fig. 7 explains another categorization of efficiencies according 1;0 the
first embodiment;
Figs. 8A and 8B show diagrams showing categorized device
efficiencies for parameters; and R
15 Fig. 9 shows a configuration of a conventional schéduling apparatus

for optimal operation.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Embodiment 1.

20 A configuration and operation of an optimal operation controller of a
plant will be explained, which indicates an optimal operation point and
controls each constructing element based on the past operation data and/or
the past recorded effect to the operation efficiency for each constructing
element of the controller of the plant.

25 Fig. 1 shows a general configuration of the optimal operation
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controller of the plant according to the first embodiment of the present
ivention. In the figure, a reference numeral 2 denotes a plant to be
controlled, in which 14 shows a sensor placed in the plant 2 for detecting and

outputting the operation status of the plant 2. Simailarly, 16 denotes a plant
5 controlling unmit controlled by a control instruction output, which will be

discussed later. As a result of the control, the operation of the plant 2 can be
kept with a status of an optimal sclution 15. Further, 1 denotes an optimal
operation controller, in which 13 denotes an operation database for storing
the past operation data for each constructing element corresponding to data

10 1input from the sensor. 12 shows a correlation analyzing unit for obtaining
correlation goefﬁcient between a certain variable and an element based on
the data input from the operation database 13 and the sensor 14, and 22
shows a correlation table for storing correlation coefficient of each
constructing element obtained by the correlation analyzing unit 12. 4

15 denotes a categorization efficiency table for storing working efficiency of the
constructing element for each variable, and 11 denotes an optimal pattern
searching unit which inputs the data from the sensor 14, refers to the
correlation table 22 and the categorization efficiency table 4, searches a point

at which etficiency of the plant/system becomes a predetermined value using

20  a statistical method, and outputs a control instruction to the plant

controlling unit 16.

A reference numeral 3 shows a man-machine interface, which, for
example, inputs power generation amount, condition setting, etc. for a power
generation plant, or specifies and inputs an operation condition of an

25  element for which the correlation value is hard to obtain.
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The following explains the operation of the optimal operation

controller having the above configuration.

The operation can be roughly separated into two: the obtainment of
correlation coefficients and the search for an optimal pattern, which follows

the obtainment of correlation coefficients. First, an analyzing operation of

correlation coetficient will be discussed.

Fig. 2 explains the operation; the correlation coefficient 1s computed
based on the processing data table 21 which collects relevant data from the
operation database. For example, the efficiency 1s obtained for a turbine
and written in the correlation table 22. In other words, the correlation
analyzing unit. 12 analyzes the operation data of the marked element and
adjacent elements to the marked element when the plant is 1n operation and
a change occurs. For example, if the turbine is one of the elements, the
amount of vapor supplied to the turbine and the temperature of the vapor,
the cooling water temperature, the number of rotation of the oﬁtput side, or
the torque are observed and each correlation value of the turbine is analyzed.

Upon analyzing, the computation of efficiency can be obtained first
from the relation between an input and an output and effecting parameters
based on a control model for each element of the current plant, and then the
parameter values of an input/output relational equation of the control model
and the relation equation are modified by regression analysis from a few
pieces of data of which the degree of effect is large. Namely, the relation
between efficiency for each element and the important data value which
effects the efficiency i1s always obtained based on the input/output relational

equation modified from the control model by acquiring the operation status
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of the current plant. This operation is performed by the correlation
analyzing unit 12 shown in Fig. 2. Accordingly, the operation database 13
stores not only a simple correlation coefficient but also the modified
input/output relational equation.

The correlation values are obtained as shown 1n Figs. 3A and 3B; if
the correlation coefficient is high, the dist;ibutiom becomes a distribution
diagram 31 of Fig. 3A, and if the correlation coefficient 1s low, the
distribution becomes a distribution diagram 32 of Fig. 3B. Therefore, the

correlation analyzing unit 12 makes pairs of the name of element and the
name of variable from the distribution diagram 31, which 1s a result of cases

of high correlation, and stores the pairs in the descending order of the
correlation values in the correlation table 22. The correlation coefﬁcient of
this case can be given by the following equation (1); in the equation (1), y and
x respectively show a variable of a vertical axis and a variable of a horizontal
axis of Fig. 3A, and 1 shows the i-th variable and a bar shows a mean value.

In this case, for the elements of which the correlation is low, the

correspondence between the variable and the element is set by the man-

machine interface 3.

E(y -y x, - %) 0
TS0, -7) 3G -%F

In the equation (1), an absolute value of the correlation coefficient is

1 at maximum; the higher the correlation becomes, the nearer the absolute
value closes to 1. However, it 1s possible to measure the strength of linear
correlation by the correlation coefficient, but the correlation cannot be

measured 1n case of, for example, the relation of a quadratic function.
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At the same time, the correlation analyzing unmt 12 generates an
efficiency table. Fig. 4 explains the operation; data of operation efficiency 1s
gathered by following the operation status of the plant time-sequentially,
and a distribution table 41 is generated. In this case, the efficiency table for

5 the device efficiency of the elements shown in Fig. 4 or 5, for example, the
turbine is generated, and the generated efficiency table is stored i1n a
distribution table 41, which is one of categorization efficiency tables 4.

Although 1n Fig. 5, efficiency data 51 stores plenty of time-sequential

data, it is more convenient to store less amount of efficiency data for
10 performing the optimal control. Accordingly, the sampling points are

further categorized into specific steps, for example, into one degree of the

temperature, and further an output indicating instruction 1s set 1nto 10 steps,
for example, in descending order of the efficiency as shown in Fig. 8. Thus a
categorization distribution table 42 is generated. Such categorization of the
15 temperature and the number of the output instructions vary according to the

process, so that these pieces of data can be input from the man-machine

interface 3, etc.

The high-ranked point of the 'device efficiency extracted in the above
method is the optimal efficiency for the targeted device; however, it does not
20 always match the efficiency of the entire plant. ¥ig. 6 shows relatidn
between state quantity of a certain process (variable) and certain device
efficiency, and further shows a relation with the efficiency of the entire plant.
Among the device efficiencies for the state quantity of the categorized
processes obtained by the above setting into limited units, device efficiency

25 61 for state quantity of a certain process is noted in order to simplify the
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explanation. Upon observing the relation between the device efficiency 61
and its corresponding power generation plant efficiency 62, the power
generation plant efficiency 62 reaches the highest point around the
intermediate value rather than the highest point of the device efficiency 61.
5 In this case, the optimal device efficiency should not be selected from the
highest points of the device efficiency 61, but it is reasonable to select some
points from the highest point of the power generation plant efficiency in
consideration of the relation between the device efficiency 61 and the plant
‘efficiency 62, and the corresponding device efficiency 63 is assumed as the
10  optimal operation pattern. This device efficiency 63 is thus selected as the
optimal operation pattern of the device efficiency for state quantity of a
certain process. The above procedure should be performed for state
quantity of all processes.
A distribution table 71 shown in Fig. 7 is a table in which the
15  efficiencies of the power generation plant are sorted in descending order for
each category of the. state quantity of process from the distribution table 42
shown in Fig. 4. A distribution table 72 can be generated by extracting
some points (three points in Fig. 7) from the highest points of the efficiencies
of the power generation plant for each category of the distribution table 71.
20 F1g. 8A1s a distribution diagram 81 showing the device efficiency for
the state quantity of 10 processes, which are extracted out of the device
efficiencies of Fig. 7 from the highest, and a distribution diagram 82 showing
the efficiency of the power generation plant of 3 processes, which are
extracted out of the plant efficiencies of the distribution diagram 81 from the

256 highest. Further, a curve 83 is an approximated curve generated by
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approximating each point of the graph 82 with the least-square method. A
function of this approximated curve is an optimization function of efficiency
of the power generation plant.

Next, a search operation for an optimal pattern will be discussed.

5 In Fig. 1, the operation status of the plant 2 1s monitored by the
sensor 14 and input to the operation database 13. Then, as explained above,
the correlation analyzing unit 12 analyzes the operation data as the
operation efficiency or the correlation coefficient for a predetermined
variable for each operation element, and the analyzed result is stored in the

10  correlation table 22-and the categorization efficiency table 4.

With this condition, the optimal pattern searching unit 11 refers to
the categorization efficiency table 4 and outputs a control instruction for the
operation elements to be input to the plant controlling unit 16 so as to
become the optimal efficiency. For the operation elements specified in the

15 categorization efficiency table 4, such control instruction can be immediately
output only by referring to the table, so that there is no need for simulation
or computation, which have been required conventionally, before outputting
the control instruction.

Further, for the operation elements of which the correlation
20  coefficient with a certain variable has been already computed, once the
optimal value of the variable is obtained, the control instruction can be
immediately output. As described, the relation for the operation elements
without stable correlation coefficient has been previously specified by the
man-machine interface 3; that is, a proper control instruction can be output

25  without delay also for the operation elements without stable correlation
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12

coefficient.

The optimal pattern searching unit 11 computes the optimal solution

15 based on the current condition such as the temperature, the sea water
temperature, the wind velocity, and the plant controlling unit 16 controls the
device based on the computed optimal solution, which enables to optimally
control the operation status of the power generation plant.

As discussed above, the optimal operation pattern searching method
of the present invention is effective as a method for 1improving the efficiency
of plural parameters without having a linear relation such as the efﬁciency
of the device and the efficiency of the entire plant. Further, the p:fe sent
invention eliminates repeated computation, which has been conventionally
required, so that a high speed computation of the optimal solution can be
performed, which 1s effective to the system that requires a real-time control.

As has been described, according to the present invention, the
optimal operation controller of the plant defines the operation efficiency of
the entire plant from the operation efficiency of each constructing element of
the operaﬁon or the correlation value based on the past accumulated data,
and the operation of the plant is controlled by adjusting each constructing
element so as to be the defined operation efficiency. And thus the
simulation can be eliminated prior to the actual operation, which enables to

immediately obtain the optimal control that adapts to the surrounding

environmental conditions.

Embodiment 2.

In a water conveyance system conveying water to plural pump

stations, it 1s necessary to control a water conveyance plant in consideration
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of two parameters without having linear relation between them: one is a

parameter to stabilize a water level; the other to reduce a cost for electricity

as possible. The present invention can be applied to this case; namely, an
optimal operation pattern can be selected as a case in Which the cost for
electricity could be kept low from the past operation data in which the water
was conveyed with a stabilized water level. And thus the optimal operation
control 1s enabled with exploiting features of the water conveyance system.
Further, the correlation computation clarifies the relation between
each element and variables that affect the efficiency, which enables to control

the operation that fits the actual operation status of the entire plant.

Having thus described several particular embodiments of the present
1mvention, various alterations, modifications, and improvements will readily
occur to those skilled in the art. Such alterations, modifications, and
improvements are intended to be part of this disclosure, and are intended to
be within the spirit and scope of the present invention. Accordingly, the
foregoing description is by way of example only, and is not intended to be

limiting. The present invention is limited only as defined in the following

claims and the equivalents thereto.
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What is claimed 1s:

1. An optimal operation controller of a plant comprising:

a correlation analyzing unit for obtaining correlation between a state
of predetermined process and each element based on an operation status of
the plant to be controlied, storing the correlation in a correlation table, and

computing operation efficiency for the each element based on the operation

status of the plant;

a categorization efficiency table for storing the operation efficiency of
the predetermined process computed by the correlation analyzing unit; and
an optimal pattern searching unit for referring to the categorization

ethiciency table based on a data input from the plant and outputting an

instruction to control the each element.

2. The optimal operation controller of the plant of claim 1, wherein:

the categorization efficiency table stores the operation efficiency for

an element and the operation efficiency of an entire plant, and

the optimal pattern searching unit controls the each element in

consideration of the operation efficiency of the entire plant.

3. The optimal operation controller of the plant of claim 1, wherein the
correlation analyzing unit categorizes the correlation between the state of
the predetermined process and the each element into specific steps based on

the data input from the plant to be controlled and writes the correlation in

the correlation table.

4. The optimal operation controller of the plant of claim 3, wherein

the categorization efficiency table stores an approximated curve

generated by the categorized correlation, and
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the optimal pattern searching unit outputs the instruction by
referring to the approximated curve.
D. An optimal operation controlling method of a plant, comprising:

a correlation analyzing for obtaining correlation between a state of

5  predetermined process and each element based on an operation status of the

plant to be controlled,

a storing the correlation obtained by the correlation analyzing step
ito a correlation table,

an efficiency computing for the each element based on the operation
10  status of the plant,

a storing the operation efficiency of the predetermined process
obtained by the efficiency computing step into a categorization efficiency
table, and

an optimal pattern searching for outputting an instruction to each

15  element by referring to the correlation table and the categorization efficiency

table.
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