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DESCRIPTION
TITLE OF THE INVENTION: ABNORMALITY DIAGNOSIS SYSTEM FOR
WATER TREATMENT PLANT AND ABNORMALITY DIAGNOSIS METHOD FOR

WATER TREATMENT PLANT

TECHNICAL FIELD
[0001] The present disclosure relates to an abnormality
diagnosis system for a water treatment plant and an

abnormality diagnosis method for a water treatment plant.

BACKGROUND ART

[0002] In a water treatment process by a water treatment
plant, both of achievement of predetermined target
performance and energy saving in operation need to be
ensured. Therefore, i1t is required that the state of the
process relevant to the target performance is monitored, a
state change and an abnormality that hamper achievement of
the target performance are quickly detected, and measures are
taken 1In advance. Meanwhile, there are a variety of causes
of abnormalities In the water treatment process, and it is
difficult to monitor all measurement values that can indicate
occurrence of an abnormality. Accordingly, there i1s a
process state monitoring device that calculates a statistic
serving as an index indicating the abnormality degree of the

process by a method of MSPC (Multi-Variate Statistical
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Process Control) and determines whether or not there is an
abnormality through comparison between the statistic and a

threshold (see, for example, Patent Document 1).

CITATION LIST
PATENT DOCUMENT
[0003] Patent Document 1: Japanese Laid-Open Patent

Publication No. 2012-138044

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0004] Abnormalities in the water treatment process can
include a severe abnormality that adversely affects a
reaction system of a water treatment plant, and a minor
abnormality that does not hinder normal progress of the water
treatment process. An operator preferentially copes with a
severe abnormality. In this regard, with the process state
monitoring device of Patent Document 1, an operator can know
occurrence of an abnormality without monitoring multiple
measurement values, but cannot know the severity of the
occurring abnormality. Patent Document 1 also discloses that
abnormality detection may be performed using, as a trigger,
an important variable that an operator recognizes
sufficiently well, whereby only an abnormality sign that the

operator desires to know may be detected. However, the index
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of the abnormality degree in the water treatment process and
the severity of the abnormality are not always in a simple
proportional relationship, and it iIs not easy to accurately
find an important variable that corresponds to an abnormality
of which the severity is great.

[0005] The present disclosure has been made to solve the
above problem, and an object of the present disclosure is to
provide an abnormality diagnosis system for a water treatment
plant and an abnormality diagnosis method for a water
treatment plant that can detect occurrence of an abnormality
in a water treatment process and performs diagnosis for the

severity of the detected abnormality.

MEANS TO SOLVE THE PROBLEM

[0006] An abnormality diagnosis system for a water
treatment plant according to the present disclosure is an
abnormality diagnosis system for a water treatment plant,
which performs diagnosis for an abnormality of the water
treatment plant which 1s a monitoring target, the abnormality
diagnosis system including: a measurement value collection
unit which collects a plurality of kinds of measurement
values In a water treatment process performed by the water
treatment plant; a measurement value storage unit in which
the measurement values collected by the measurement value

collection unit are accumulated; an abnormality detection
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unit which determines whether or not an abnormality has
occurred in the water treatment plant, on the basis of an
abnormality degree calculated from the measurement values; an
abnormality mode determination information storage unit which
stores abnormality mode determination information indicating
a relationship between the abnormality degree and an
abnormality mode; an abnormality mode determination unit
which, In a case where it is determined that the abnormality
has occurred, compares the abnormality degree calculated by
the abnormality detection unit with the abnormality mode
determination information, to determine the abnormality mode
of the occurring abnormality; and a diagnosis result display
unit which displays a result of the determination. The
abnormality mode i1s associated with a severity for the water
treatment plant.

[0007] An abnormality diagnosis method for a water
treatment plant according to the present disclosure 1s an
abnormality diagnosis method for a water treatment plant,
which performs diagnosis for an abnormality of the water
treatment plant which Is a monitoring target, the abnormality
diagnosis method including: a measurement value collection
step of collecting a plurality of kinds of measurement values
in a water treatment process performed by the water treatment
plant; a measurement value accumulation step of accumulating

the measurement values collected in the measurement value
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collection step; an abnormality detection step of determining
whether or not an abnormality has occurred In the water
treatment plant, on the basis of an abnormality degree
calculated from the measurement values; an abnormality mode
determination step of, In a case where 1t 1Is determined that
the abnormality has occurred, comparing the abnormality
degree calculated in the abnormality detection step with
abnormality mode determination information indicating a
relationship between the abnormality degree and an
abnormality mode, to determine the abnormality mode of the
occurring abnormality; and a diagnosis result display step of
displaying a result of the determination. The abnormality
mode is associated with a severity for the water treatment

plant.

EFFECT OF THE INVENTION

[0008] The abnormality diagnosis system for the water
treatment plant and the abnormality diagnosis method for the
water treatment plant according to the present disclosure can
detect occurrence of an abnormality in a water treatment
process and performs diagnosis for the severity of the

detected abnormality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] [FIG. 1] FIG. 1 is a block diagram showing a
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configuration of an abnormality diagnosis system for a water
treatment plant according to embodiment 1.

[FIG. 2] FIG. 2 is a block diagram showing a
configuration of the abnormality detection unit according to
embodiment 1.

[FIG. 3] FIG. 3 shows an example of determination
clustering information according to embodiment 1 and shows a
determination clustering map.

[FIG. 4] FIG. 4 shows an example of a relationship
between an abnormality mode and a severity of an abnormality
according to embodiment 1.

[FIG. 5] FIG. 5 shows an example of a hardware
configuration of an abnormality diagnosis device according to
embodiment 1.

[FIG. 6] FIG. 6 is a flowchart showing operation
of the abnormality diagnhosis system for the water treatment
plant according to embodiment 1.

[FIG. 7] FIG. 7 is a flowchart showing an
abnormality detection step according to embodiment 1.

[FIG. 8] FIG. 8 is a block diagram showing a
configuration of an abnormality diagnosis system for a water
treatment plant according to embodiment 2.

[FIG. 9] FIG. 9 is a block diagram showing a
configuration of a past abnormality learning device according

to embodiment 2.
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[FIG. 10] FIG. 10 is a flowchart showing operation
of the abnormality diagnosis system for the water treatment
plant according to embodiment 2.

[FIG. 11] FIG. 11 is a flowchart showing a
learning step according to embodiment 2.

[FIG. 12] FIG. 12 is a block diagram showing a
configuration of an abnormality diagnosis system for a water
treatment plant according to embodiment 3.

[FIG. 13] FIG. 13 1s a block diagram showing a
configuration of a simulation device according to embodiment
3.

[FIG. 14] FIG. 14 1s a flowchart showing operation
of the abnormality diagnosis system for the water treatment
plant according to embodiment 3.

[FIG. 15] FIG. 15 is a flowchart showing a

simulation step according to embodiment 3.

DESCRIPTION OF EMBODIMENTS
[0010] Embodiment 1

Embodiment 1 will be described with reference to
FIG. 1 to FIG. 7. FIG. 1 1s a block diagram showing a
configuration of an abnormality diagnosis system for a water
treatment plant according to embodiment 1. An abnormality

diagnosis system 1000, 1.e., the abnormality diagnosis system

for the water treatment plant, includes an abnormality
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diagnosis device 100 which detects an abnormality occurring
in a water treatment process of a water treatment plant (not
shown) which 1s a monitoring target, and determines an
abnormality mode of the occurring abnormality, and a
measurement device 1001 and a sensor 1002 which are connected
to the abnormality diagnosis device 100 via a network and
measure characteristic values of the water treatment plant
which is a monitoring target. The abnormality diagnosis
device 100 performs detection for an abnormality of the water
treatment plant and determination for an abnormality mode of
the occurring abnormality, using measurement values acquired
by the measurement device 1001 and the sensor 1002.
Basically, the water treatment plant in embodiment
1 i1s assumed to be a sewage treatment plant, but a water
treatment plant other than a sewage treatment plant, e.g., a
desalination plant, is also applicable.
[0011] The measurement device 1001 includes various
instruments (not shown). Specifically, the measurement
device 1001 includes instruments such as a flowmeter which
indicates flow rates in equipment and tanks in the sewage
treatment plant, and a DO meter (dissolved oxygen meter), a
MLSS (Mixed Liquor Suspended Solid) meter, an NH4 meter
(ammonia meter), an ORP meter (oxidation-reduction potential
meter), a TN meter (total nitrogen meter), and a TP meter

(total phosphorus meter), which indicate water qualities in
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the tanks. The measurement device 1001 transmits measurement
value data D which is data of various measurement values, to
the abnormality diagnosis device 100 via the network. The
measurement value data D includes data of a plurality of
kinds of measurement values. The measurement value data D
may include data indicating a measurement time.

[0012] The sensor 1002 includes various sensors (hot
shown) which detect various parameters indicating water
qualities in the tanks, and includes various sensors which
detect an ammonia nitrogen concentration, a nitrate nitrogen
concentration, a total nitrogen concentration, a phosphate
phosphorus concentration, and a total phosphorus
concentration of water in each tank, for example. The sensor
1002 transmits data of the measurement values acquired by the
various sensors, as the measurement value data D, to the
abnormality diagnosis device 100 via the network. A target
of the measurement device 1001 and a measurement target of
the sensor 1002 are different from each other, but data of
their respective measurement values are both treated as the
measurement value data D.

[0013] The abnormality diagnosis device 100 includes: a
measurement value collection unit 101 which collects the
measurement value data D; a measurement value database 102
(hereinafter, measurement value DB 102), i.e., a measurement

value storage unit, in which the collected measurement value
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data D are accumulated; an abnormality detection unit 103
which detects an abnormality occurring in the sewage
treatment plant on the basis of the measurement value data D;
a contribution factor calculation unit 104 which calculates a
contribution degree described later; a determination
information storage unit 105 i.e., an abnormality mode
determination information storage unit, which stores
determination clustering information CLM to be used for
determining an abnormality mode, 1.e., abnormality mode
determination information; an abnormality mode determination
unit 106 which determines an abnormality mode, using the
determination clustering information CLM; a diagnosis result
display unit 107 which displays a result of determination of
the abnormality mode, and the like, to an operator; and a
determination information generation unit 108 which generates
and updates the determination clustering information CLM.
[0014] The measurement value collection unit 101 collects
the measurement value data D by receiving the measurement
value data D from the measurement device 1001 and the sensor
1002, and outputs the collected measurement value data D to
the measurement value DB 102. 1In embodiment 1, data
(measurement value data D) of measurement values are acquired
by the measurement device 1001 and the sensor 1002, and the
measurement value data D is transmitted to the abnormality

diagnosis device 100 via the network. However, data of
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measurement values may be acquired from a result of water
quality analysis performed manually, and an operator or the
like may iInput the acquired data of measurement values to the
abnormality diagnosis device 100. 1In this case, input of the
data of measurement values is performed via a HMI (Human
Machine Interface), for example.

[0015] The measurement value DB 102 is a database i1n which
the measurement value data D is stored while being arranged
in a certain format, whereby the measurement value data D is
accumulated therein. While the measurement value data D is
acquired from the measurement value collection unit 101, the
acquired measurement value data D i1s sequentially stored into
the measurement value DB 102, whereby the measurement value
data D 1s accumulated therein. In one of methods for
accumulating the measurement value data D, a flow rate and a
water quality at the same time are sequentially stored as the
same series of data. In a case where there are a plurality
of sensors that measure the same inflow water, there is a
possibility that a difference iIn measurement times occurs
between the plurality of sensors. Considering this,
differences between measurement times of the plurality of
sensors may be corrected on the basis of a period in which
inflow water stays in the sewage treatment plant, and
measurement values iIn tanks with respect to the same inflow

water may be stored as the same series of data.
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[0016] The abnormality detection unit 103 calculates an
abnormality degree by a method of MSPC analysis, using the
measurement value data D accumulated in the measurement value
DB 102, and detects occurrence of an abnormality. The
abnormality detection unit 103 outputs an abnormality
presence/absence determination result W which indicates
whether or not there iIs an abnormality, to the contribution
factor calculation unit 104, the abnormality mode
determination unit 106, the diagnosis result display unit
107, and the determination information generation unit 108.
[0017] The abnormality detection unit 103 will be further
described. FIG. 2 1s a block diagram showing a configuration
of the abnormality detection unit according to embodiment 1.
The abnormality detection unit 103 includes a data set
acquisition unit 1031 which acquires a data set DS from the
measurement value DB 102, a preprocessing unit 1032 which
performs preprocessing on the data set DS and outputs the
resultant data as a preprocessed data set DS*, a principal
component analysis unit 1033 which executes PCA analysis
(Principal Component Analysis) on the preprocessed data set
DS* and generates principal component axis information PA, an
abnormality degree calculation unit 1034 which calculates the
abnormality degree WD using the principal component axis
information PA and the preprocessed data set DS*, a threshold

setting unit 1035 which sets a threshold Th for abnormality
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determination, and an abnormality occurrence determination
unit 1036 which determines whether or not there iIs an
abnormality on the basis of a relationship between the
abnormality degree WD and the threshold Th.

[0018] Among the measurement value data D accumulated in
the measurement value DB 102, the data set acquisition unit
1031 acquires, for example, a combination of the same series
of measurement value data D (a combination of measurement
value data D of which measurement times are the same), as one
data set DS. The data set DS acquired by the data set
acquisition unit 1031 is different between a case of PCA
analysis and a case of calculation of an abnormality degree
described later. It is desirable that the data set DS for
PCA analysis 1s a data set for a certain period or longer,
not including data when abnormality has occurred. As an
example of a case of a sewage treatment plant, only the
measurement value data D for sunny days in one month in which
steady operation was performed are extracted from the
measurement value DB 102 and then used as a data set for PCA.
In a case of calculation of the abnormality degree, all the
data sets DS of which the measurement times are included In a
target period for abnormality detection are acquired.

[0019] The preprocessing unit 1032 acquires the data set
DS from the data set acquisition unit 1031, and performs

preprocessing on the data set DS. The preprocessing includes
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complementation processing for missing values, removal
processing for outliers, standardization processing, moving
average processing, and the like with respect to the data
sets DS. The preprocessing unit 1032 outputs the
preprocessed data set DS* that has undergone the
preprocessing as described above, to the principal component
analysis unit 1033 and the abnormality degree calculation
unit 1034.

[0020] The principal component analysis unit 1033 performs
PCA analysis on the data set DS*. PCA analysis is one of
multivariate analysis methods aiming at feature extraction
and dimension reduction for data. In PCA analysis, in order
to grasp a correlation among variables, a combined variable
called a principal component iIs generated through linear
combination of a plurality of variables. Since the principal
component is a linear combination of original variables, iIn a
case of considering data of original variables, principal
component data is obtained from original data. The first
principal component corresponds to a direction in which a
variance of the principal component data is maximized, and
the first principal component axis iIs set iIn this direction.
Here, the first principal component corresponds to a
direction that can most express variation in data. The
second principal component corresponds to a direction iIn

which a variance of the principal component data is maximized
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among directions orthogonal to the first principal component,
and the second principal component axis is set iIn this
direction. The third or subsequent principal component
corresponds to a direction in which a variance of the
principal component data Is maximized among directions
orthogonal to all the principal component axes that have
already been set. By sequentially calculating the first
principal component, the second principal component, the
third principal component, ..., N principal component axes
(first to Nth principal component axes) are set for N-
dimensional data. The principal component analysis unit 1033
outputs Information about principal component axes such as
conversion formulae from original variables, as principal
component axis information PA.

In embodiment 1, PCA analysis is used, but a method
other than PCA analysis may be used as long as the method is
data processing that enables calculation of the abnormality
degree WD described later.

[0021] The abnormality degree calculation unit 1034
acquires the principal component axis information PA from the
principal component analysis unit 1033, acquires the data set
DS* as a target of abnormality detection from the
preprocessing unit 1032, and calculates the abnormality
degree WD using the principal component axis information PA

and the data set DS*. The "abnormality degree'™ in embodiment
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1 includes two kinds of statistics described below, 1.e., a
T2 statistic (hereinafter, referred to as T2 value) and a Q
statistic (hereinafter, referred to as Q value), and the
abnormality degree calculation unit 1034 calculates the T2
value and the Q value for each measurement time. The
abnormality degree calculation unit 1034 outputs data of the
calculated T2 value and Q value as the abnormality degree WD
to the abnormality occurrence determination unit 1036.
[0022] The T2 value is calculated using (Formula 1).

[Mathematical 1]

R
t>

2
O'tr

TZ — cen (1)

r=1

In (Formula 1), tr denotes a principal component
score of an rth component, and otr IS a standard deviation of
tr. The T2 value shown in (Formula 1) is a value obtained by
normalizing the square of a distance of data from the origin
in the principal component space with the square of a
standard deviation of each principal component score. The
principal component space is a space constituted by principal
component axes of principal components to be considered among

principal components obtained through principal component
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analysis. In a case of (Formula 1), R principal components
are considered, and the principal component space is
constituted by principal component axes of the first to Rth
principal components. The principal component score iIs a
value of a coordinate on a principal component axis in the
principal component space.

[0023] The Q value i1s calculated using (Formula 2).

[Mathematical 2]

P
Q — Z(xp — ?P)z = (2)
p=1

In (Formula 2), Xxp, denotes a pth component of the
measurement value data D which is the original data, and Xxp
with a hat symbol is a pth component when X, has undergone
dimension reduction through PCA analysis and reconstruction
in P dimensions (inverse mapping from the dimension-reduced
space). In a case where the original data is N-dimensional
data, P i1s equal to N. The Q value represents a difference
from the original data, which remains even after inverse
mapping from the dimension-reduced space, and expresses, as a
residual, information lost as a result of dimension reduction
through PCA analysis. This represents a part that cannot be

expressed by a PCA model, for the original data.
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[0024] In MSPC, the T2 value and the Q value are managed
independently of each other, and when one of the T2 value and
the Q value has exceeded a management limit, it Is determined
that an abnormality has occurred. That is, each of the T2
value and the Q value 1s an abnormality degree. The T2 value
and the Q value are in a complementary relationship, and by
managing the two values independently of each other, 1t is
possible to manage both of a part having a correlation and a
part not having a correlation in a variable space when
measurement value data are used as variables.

[0025] The threshold setting unit 1035 sets the threshold
Th for abnormality determination, and outputs the threshold
Th to the abnormality occurrence determination unit 1036.
The threshold Th is generally provided as a value "m + 30"
for each of the T2 value and the Q value. Here, m and o
denote an average value and a standard deviation of
abnormality degrees In a case where abnormality degrees (T2
value and Q value) are calculated through all times, and are
an average value and a standard deviation obtained In a case
where abnormality degrees are calculated for collection of
data 1n a normal state not including data in an abnormality
occurring state. As the threshold Th, a threshold Th_T2 for
the T2 value and a threshold Th_Q for the Q value are used,
and both thresholds are collectively treated as the threshold

Th. The threshold Th is not limited to values defined as
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described above, and may be other values uniquely calculated
in accordance with a purpose.

[0026] The abnormality occurrence determination unit 1036
determines whether or not an abnormality has occurred, on the
basis of a relationship between the abnormality degree WD and
the threshold Th at the present time, calculated from the
data set DS* at the present time (the data set DS*
constituted of measurement value data D of which the
measurement time iIs the present time). Specifically, In a
case where one of the T2 value and the Q value at the present
time has exceeded the threshold Th, i.e., one of (T2 value at
present time) > (threshold Th_T2 for T2 value) and (Q value
at present time) > (threshold Th_Q for Q2 value) is
satistied, the abnormality occurrence determination unit 1036
determines that an abnormality has occurred. That is, the
abnormality occurrence determination unit 1036 determines
whether or not an abnormality has occurred, by comparing the
abnormality degree WD and the threshold Th. The abnormality
occurrence determination unit 1036 outputs the principal
component axis information PA which is a result of principal
component analysis, the calculated abnormality degree WD, and
a result of abnormality occurrence determination,
collectively as an abnormality presence/absence determination
result W. That is, the abnormality presence/absence

determination result W includes the principal component axis
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information PA and the abnormality degree WD.

[0027] Instead of the method using only the abnormality
degree WD at the present time for determination,
determination based on the threshold Th as described above
may be performed for the abnormality degree WD over the last
certain period (e.g., the last five minutes). In this case,
if a period in which the abnormality degree WD is greater
than the threshold Th (a period in which one of the T2 value
and the Q value is greater than the threshold) is longer, it
is determined that an abnormality has occurred at the present
time. In addition, in a case where the abnormality degree WD
has continued exceeding the threshold Th for a certain
period, it may be determined that an abnormality has
occurred.

[0028] The contribution factor calculation unit 104
calculates a contribution degree of each measurement value,
for an occurring abnormality. The "‘contribution degree"
indicates the degree of an influence that each measurement
value causes to variation in the abnormality degree WD, and
includes a contribution degree CpT to the T2 value and a
contribution degree CpQ to the Q value. The contribution
factor calculation unit 104 acquires the data set DS from the
measurement value DB 102 and acquires the abnormality
presence/absence determination result W from the abnormality

detection unit 103. Then, when the abnormality
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presence/absence determination result W indicates occurrence
of an abnormality, the contribution factor calculation unit
104 calculates a contribution degree using the measurement
value data D at the present time included in the data set DS.
[0029] The contribution degree CpT to the T2 value 1is
calculated by the following (Formula 3).

[Mathematical 3]

2
C’,[,T] = tZ;lz,v, @

On the left-hand side of (Formula 3), Cp with
bracketed T2 denotes the value of the contribution degree CpT
to the T2 value. On the right-hand side of (Formula 3), t
denotes a principal component vector, X% denotes a variance
covariance matrix, ""-1" at the upper right indicates an
inverse matrix, Xp Is data of the factor p, 1.e., a pth
component of the measurement value data D which i1s the
original data, and vy, Is a transposed vector of a row vector
of the pth row of a loading matrix. As the contribution
degree CpT to the T2 value becomes greater, the possibility
that the corresponding measurement value (the measurement
value of the pth component) i1s a cause of abnormality becomes

higher when the T2 value exceeds the threshold Th_T2.
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[0030] The contribution degree CpQ to the Q value is
calculated by the following (Formula 4).

[Mathematical 4]

C[Q] (ZB — )2 -+ (4)
4 P

On the left-hand side of (Formula 4), Cp with
bracketed Q denotes the value of the contribution degree CpQ
to the Q value. On the right-hand side of (Formula 4), Xp
denotes a pth component of the measurement value data D which
is the original data, and xp, with a hat symbol i1s a pth
component when Xp has undergone dimension reduction through
PCA analysis and reconstruction In P dimensions (inverse
mapping from the dimension-reduced space). As the
contribution degree CpQ to the Q value becomes greater, the
possibility that the corresponding measurement value (the
measurement value of the pth component) is a cause of the
abnormality becomes higher when the Q value exceeds the
threshold Th_ Q.
[0031] The contribution factor calculation unit 104
specifies, as a cause possibility factor p*, a factor p
ranked high in the order of the magnitudes of the
contribution degrees CpT and the contribution degrees CpQ

calculated for factors p. The number of factors p to be
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specified as cause possibility factors p* i1s arbitrary. The
contribution factor calculation unit 104 outputs data of the
contribution degree CpT and the contribution degree CpQ and
data of the cause possibility factor p*, as contribution
degree data Cp.

[0032] The determination information storage unit 105
stores determination clustering information CLM. The
determination clustering information CLM is information in
which the values of abnormality degrees such as the T2 value
and the Q value are associated with abnormality modes of
abnormalities that are actually occurring, and is shown as a
clustering map in a T2-Q space with the T2 value as the
horizontal axis and the Q value as the vertical axis, as in a
determination clustering map shown in FIG. 3. Three kinds of
plotted marks shown in FIG. 3, i.e., square, rhombus, and
triangle, indicate the T2 values and the Q values when
abnormalities In various abnormality modes occur. Generation
and update of the determination clustering information CLM
are performed by the determination information generation
unit 108 described later.

[0033] In FIG. 3, a star-shaped plotted mark indicates the
T2 value and the Q value at the present time. In the example
shown In FIG. 3, a region of plotted squares is defined as a
cluster CL1, a region of plotted rhombuses is defined as a

cluster CL2, and a region of plotted triangles is defined as
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a cluster CL3. For generation of clusters from plotted
points, for example, a clustering method such as a k-means
method is used. A boundary BD1 indicated by a dotted line is
a boundary between the cluster CL1 and the cluster CL2.
Similarly, a boundary BD2 i1s a boundary between the cluster
CL2 and the cluster CL3, and a boundary BD3 is a boundary
between the cluster CL3 and the cluster CL1.

[0034] FIG. 4 shows an example of a relationship between
abnormality modes and severities of abnormalities according
to embodiment 1. In the example shown in FIG. 4, when an
abnormality mode indicated by the cluster CL1 in which the T2
value i1s great and the Q value i1s small i1s defined as a mode
1, the abnormality mode (mode 1) of the cluster CL1 is an
abnormality mode In which the degree (severity) of an adverse
effect caused to the sewage treatment plant is great. When
the abnormality mode indicated by the cluster CL2 in which
the T2 value is middle and the Q value i1s great i1s defined as
a mode 2, the abnormality mode (mode 2) of the cluster CL2 is
an abnormality mode having a small severity. When the
abnormality mode indicated by the cluster CL3 in which the T2
value and the Q value are small is defined as a mode 3, the
abnormality mode (mode 3) of the cluster CL3 i1s an
abnormality mode having a middle severity. The relationship
between clusters and severities as described above i1s merely

an example. For example, only an abnormality mode in which
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the Q value exceeds a predetermined threshold may be defined
as an abnormality mode having a great severity. Also, the
above setting of the abnormality modes is merely an example.
The abnormality modes may be arbitrarily set so as to be
associated with severities, and the levels of severities to
be set (the number of clusters to be set) may be arbitrarily
determined.

[0035] In the sewage treatment plant, examples of
abnormalities In abnormality modes having great severities
include severe process abnormalities such as an abnormality
of the flow rate or contained components of inflow water, an
abnormality of activity of microorganisms iIn a bioreactor
tank, an abnormality of operation equipment such as a pump
and an agitator, and an abnormality of a water quality
instrument as a legal regulation target for treated water.
Examples of abnormalities having small severities include an
abnormality of a water quality instrument other than a legal
regulation target, an abnormality of a water quality
instrument that can be replaced with manual analysis or the
like, and deviation of a measurement value due to stain of a
sensor. In embodiment 1, the clustering map as shown in FIG.
3 1s generated and used as the determination clustering
information CLM. However, the determination clustering
information CLM may be generated through extraction of know-

how from operation manipulation information or hearing to an
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operator.

[0036] The abnormality mode determination unit 106
determines the abnormality mode of an abnormality when the
abnormality has occurred, on the basis of the abnormality
presence/absence determination result W and the determination
clustering information CLM. 1In the example shown in FIG. 3,
as described above, the star-shaped plotted mark indicates
the T2 value and the Q value at the present time, and is
included in the region of the cluster CL2. Therefore, the
abnormality mode of the abnormality at the present time is
determined to be the abnormality mode of the cluster CL2 (the
abnormality mode having a small severity). In this way, by
comparing the calculated abnormality degree at the present
time with the determination clustering information CLM, i1t is
possible to determine the abnormality mode of the abnormality
at the present time that is newly detected. The abnormality
mode determination unit 106 outputs a result of determination
for the abnormality mode, as an abnormality mode
determination result M.

[0037] Further, the abnormality mode determination unit
106 of embodiment 1 can narrow down abnormality modes on the
basis of the contribution degree, and perform determination
using the determination clustering information CLM after
narrowing down the highly possible abnormality modes.

Specifically, the severity is approximately estimated from
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the cause possibility factor p* and the magnitudes of the
contribution degree CpT and the contribution degree CpQ of
the cause possibility factor p*. For example, in a case
where it 1s known that an abnormality to which the factor 1
(p = 1) greatly contributes has a great severity, and p = 1
is included among the cause possibility factors p*, it is
found that the abnormality mode is highly likely to be an
abnormality mode having a great or middle severity. After
abnormality modes are narrowed down as described above, the
T2 value and the Q value at the present time are compared
with the determination clustering information CLM, to
determine an abnormality mode. In the above example,
narrowing down of the abnormality modes is performed on the
basis of a combination of the cause possibility factors p*
and the contribution degrees thereof. However, narrowing
down may be performed using only the values of contribution
degrees. Narrowing down of abnormality modes is not
essential. In a case of not performing narrowing down, the
contribution factor calculation unit 104 may be omitted.

[0038] In a case of performing narrowing down based on

contribution degrees as described above, determination for an

abnormality mode through comparison with the determination

clustering information CLM is performed in combination,

whereby accuracy of determination for an abnormality mode can

be improved. In a case of using only comparison with the



10

15

20

25

28

determination clustering information CLM, it might be
difficult to determine the corresponding cluster, depending
on the value of the abnormality degree at the present time.
For example, in a case where a star mark iIs present on the
boundary BD1 or near the boundary BD1 in the example shown in
FIG. 3, 1t may be difficult to determine which of the cluster
CL1 and the cluster CL2 the star mark belongs to. Such a
problem is more likely to occur when abnormality modes are
more fTinely classified. Here, by combining narrowing down
based on contribution degrees, an abnormality mode can be
accurately determined even in a case where abnormality mode
determination based on only comparison with the determination
clustering information CLM is difficult, and thus accuracy of
determination for an abnormality mode can be improved.

[0039] The diagnosis result display unit 107 is formed by
a display device such as a liquid crystal display, for
example, and displays a result of determination for whether
or not an abnormality has occurred, the abnormality mode of
the occurring abnormality, and the severity thereof, in
accordance with contents of the abnormality presence/absence
determination result, the abnormality mode determination
result M, and the like. In addition, the diagnosis result
display unit 107 may display an alert for the abnormality,
the abnormality degree, the contribution degree, the cause

possibility factor, and the like, 1.e., values calculated
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through a procedure of determination for whether or not an
abnormality has occurred, determination for an abnormality
mode, and the like. In addition, In a case where the
occurring abnormality is determined to be a severe process
abnormality as a result of abnormality mode determination,
the diagnosis result display unit 107 may display an
indication to request an operator to preferentially cope with
the abnormality. In embodiment 1, the abnormality diagnosis
device 100 includes the diagnosis result display unit 107.
However, a device other than the abnormality diagnosis device
100 may include the diagnosis result display unit 107. 1In
this case, the abnormality diagnosis device 100 includes a
transmission unit for transmitting the abnormality mode
determination result M to the other device via the network,
for example.

[0040] The determination information generation unit 108
generates the determination clustering information CLM, and
updates the determination clustering information CLM as
necessary. Generation and update of the determination
clustering information CLM are performed on the basis of a
relationship between the abnormality mode of an abnormality
occurring In actual operation and the abnormality degree WD
when the abnormality has occurred. The determination
information generation unit 108 acquires the abnormality

presence/absence determination result W from the abnormality
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detection unit 103, and generates the determination
clustering information CLM on the basis of a relationship
between the abnormality degree WD included in the abnormality
presence/absence determination result W and the abnormality
mode of the occurring abnormality. Here, since the
abnormality mode i1s associated with the severity of the
abnormality, the determination information generation unit
108 is considered to generate the determination clustering
information CLM on the basis of a relationship between the
abnormality degree WD acquired in actual operation and the
severity of the abnormality having the acquired abnormality
degree WD.

[0041] In a case where the number of data in actual
operation is small at a stage just after actual operation is
started or the like, accuracy of the determination clustering
information CLM is not sufficient. In such a case,
abnormality mode determination may be performed by another
method, or data of abnormality mode determination results may
be accumulated using a provisional determination clustering
map, and the determination clustering information CLM may be
regarded as being generated at the time when a certain number
of results have been acquired. When the determination
clustering information CLM is generated, the determination
information generation unit 108 stores the generated

determination clustering information CLM into the
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determination information storage unit 105. Thereafter,
abnormality mode determination is performed using the
determination clustering information CLM stored in the
determination information storage unit 105. The
determination information generation unit 108 acquires the
abnormality mode determination result M at each time, and if
update i1s needed, e.g., when there 1s a problem with accuracy
of the abnormality mode determination result M, the
determination information generation unit 108 updates the
determination clustering information CLM accordingly. Input
of the abnormality mode determination result M to the
determination information generation unit 108 i1s not shown iIn
FIG. 1.

[0042] Update of the determination clustering information
CLM will be described. 1In general, In a case of performing
determination using clustering information, the larger the
number of data for generating clusters is, the higher the
determination accuracy is. Conversely, at a stage when the
number of collected data is small, determination accuracy is
relatively low. In embodiment 1, an abnormality mode is
determined through comparison of the T2 value and the Q value
with the determination clustering information CLM as
described above. However, a result of determination using
the determination clustering information CLM might be

different from an abnormality mode determination result based
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on extraction of know-how from operation manipulation
information or hearing to an operator and the abnormality
mode determination result based on hearing to an operator or
the like might be evaluated as correct. In such a case,
accuracy of the abnormality mode determination result M is
evaluated as having a problem, and accuracy of the
determination clustering information CLM is also evaluated as
having a problem. Therefore, the determination clustering
information CLM is updated so as to match the abnormality
mode determination result based on hearing to an operator or
the like. Update of the determination clustering information
CLM 1s performed on the basis of a relationship between the
abnormality degree WD acquired in actual operation and the
severity of the abnormality having the acquired abnormality
degree WD, as in the case of generating the determination
clustering information CLM described above.

[0043] Next, a hardware configuration for implementing the
function units of the abnormality diagnosis device 100 will
be described. FIG. 5 shows an example of a hardware
configuration of the abnormality diagnosis device according
to embodiment 1. The abnormality diagnosis device 100 is
mainly composed of a processor 91, a memory 92 as a primary
storage, and an auxiliary storage device 93. The processor
91 1s composed of a CPU (Central Processing Unit), an ASIC

(Application Specific Integrated Circuit), a DSP (Digital
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Signal Processor), a FPGA (Field Programmable Gate Array),
and the like, for example. The memory 92 is composed of a
volatile storage device such as a random access memory, and
the auxiliary storage device 93 is composed of a nonvolatile
storage device such as a flash memory, a hard disk, or the
like. A predetermined program to be executed by the
processor 91 is stored in the auxiliary storage device 93,
and the processor 91 reads and executes the program as
appropriate, to perform various calculation processes. At
this time, the predetermined program is temporarily stored
into the memory 92 from the auxiliary storage device 93, and
the processor 91 reads the program from the memory 92. The
calculation processes by the function units shown in FIG. 1
and FIG. 2 are implemented by the processor 91 executing the
predetermined program as described above. The result of the
calculation processes by the processor 91 is stored into the
memory 92 once, and then is stored iInto the auxiliary storage
device 93 In accordance with a purpose of the executed
calculation process.

[0044] The abnormality diagnosis device 100 includes a
reception circuit 94 which receives the measurement value
data D from the measurement device 1001 and the sensor 1002,
and a display device 95 which displays a result of
abnormality mode determination and the like. The processor

91, the memory 92, the auxiliary storage device 93, the
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reception circuit 94, and the display device 95 are connected
via a system bus 96. In a case of causing another device to
display an abnormality mode determination result or the like,
the reception circuit 94 may be replaced with a
transmission/reception circuit or a transmission circuit may
be separately added, and the abnormality mode determination
result M or the like may be transmitted by the
transmission/reception circuit or the transmission circuit.
[0045] Next, operation will be described. FIG. 6 i1s a
flowchart showing operation of the abnormality diagnosis
system for the water treatment plant according to embodiment
1. It 1s assumed that the determination clustering
information CLM has already been generated. First, the
measurement value data D which are data of various
measurement values indicating the state of the sewage
treatment plant which Is a monitoring target are acquired
from the measurement device 1001 and the sensor 1002, whereby
the measurement value data D are collected (step ST101:
measurement value collection step).

[0046] Next, the collected measurement value data D are
stored while being arranged in a certain format, whereby the
measurement value data D are accumulated (step ST102:
measurement value accumulation step). Accumulation of the
measurement value data D is performed by sequentially storing

the collected measurement value data D. The method for
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accumulating the measurement value data D is as described
above.

[0047] Next, abnormality degrees are calculated from the
accumulated measurement value data D, to detect occurrence of
an abnormality (step ST103: abnormality detection step). In
the abnormality detection step, occurrence of an abnormality
is detected by a method of MSPC analysis. FIG. 7 is a
flowchart showing the abnormality detection step according to
embodiment 1, and shows an MSPC analysis flow according to
embodiment 1. First, a combination of the same series of
measurement value data D, or the like is acquired as one data
set DS (step ST1031: data set acquisition step), and
preprocessing is performed on the data set DS, to obtain a
preprocessed data set DS* (step ST1032: preprocessing step).
The preprocessing on the data set DS is as described above.
[0048] Next, PCA analysis is performed on the data set DS*
(step ST1033: principal component analysis step). The PCA
analysis is as described above, and principal component axis
information PA which is information about each principal
component axis is obtained.

[0049] Next, an abnormality degree is calculated using the
principal component axis information PA and the data set DS*
which is a target of abnormality detection (step ST1034:
abnormality degree calculation step). The abnormality degree

is as described above. In embodiment 1, the T2 value and the
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Q value are calculated, and data of the calculated T2 value
and Q value i1s used as an abnormality degree WD.

[0050] Next, a threshold Th for abnormality determination
is set (step ST1035: threshold setting step). A specific
setting method for the threshold Th is as described above.
[0051] Next, whether or not an abnormality has occurred is
determined on the basis of a relationship between the
abnormality degree WD at the present time and the threshold
Th, to obtain an abnormality presence/absence determination
result W (step ST1036: abnormality occurrence determination
step). As described above, in the determination, if one of
the T2 value and the Q value at the present time has exceeded
the threshold Th, it is determined that an abnormality has
occurred. In addition, as described above, whether or not an
abnormality has occurred may be determined on the basis of
which of a period in which the abnormality degree WD is
greater than the threshold Th and a period in which the
abnormality degree WD is not greater than the threshold Th is
longer in the last certain period, whether or not the
abnormality degree WD has continued exceeding the threshold
Th for a certain period, or the like.

[0052] In a case where whether or not an abnormality has
occurred is determined in real time for the sewage treatment
plant that i1s being operated, the execution cycle may be

different between: the principal component analysis step and
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the threshold setting step; and the other steps (data set
acquisition step, preprocessing step, abnormality degree
calculation step, and abnormality occurrence determination
step). For example, the former steps may be performed in a
first execution cycle (e.g., 24 hours), and the latter steps
may be performed in a second execution cycle (e.g., one
minute) shorter than the first execution cycle. In this
case, after calculation of principal components through
principal component analysis and setting of a threshold are
executed once, calculation of abnormality degrees and
determination for whether or not an abnormality has occurred
are performed at each time (every one minute which i1s the
second execution cycle) until the next execution timing
(after 24 hours corresponding to the first execution cycle).
Thus, by making execution cycles different in accordance with
processing contents, the calculation amount in the
abnormality detection step i1s reduced, whereby the speed of
analysis by MSPC can be increased.

[0053] As a result of the above abnormality detection
step, 1T i1t is determined that "there is an abnormality’, the
process proceeds to step ST105, and if it is determined that
"there 1s no abnormality', the process proceeds to step ST107
(step ST104).

[0054] IT 1t 1s determined that "there is an abnormality”

in the abnormality detection step, a contribution degree of



10

15

20

25

38

each measurement value is calculated for the occurring
abnormality, to obtain contribution degree data Cp (step
ST105: contribution factor calculation step). The
"contribution degree'™ is as described above, and is the
degree of an influence that each measurement value causes to
variation in the abnormality degree WD. 1In the contribution
factor calculation step, the cause possibility factor p*
which is a factor p exhibiting a great contribution degree is
specified. The method for specifying the cause possibility
factor p* is as described above. For each of the T2 value
and the Q value, contribution degrees of factors p are
calculated, and then the factor p ranked high in the order of
the magnitudes of the contribution degrees is specified as a
cause possibility factor p*.

[0055] Next, on the basis of the abnormality
presence/absence determination result W and the determination
clustering information CLM, the abnormality mode of the
abnormality when the abnormality has occurred is determined,
to obtain an abnormality mode determination result M (step
ST106: abnormality mode determination step). As described
above, 1n embodiment 1, abnormality mode determination 1is
performed using the determination clustering map shown in
FIG. 3. The specific determination method is as described
above. In addition, as described above, narrowing down of

abnormality modes based on contribution degrees may be
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performed before determination in the abnormality mode
determination step. In a case of performing narrowing down
based on contribution degrees, the narrowing down is
performed between step ST105 and step ST106.

[0056] Next, i1n accordance with the contents of the
abnormality presence/absence determination result W, the
abnormality mode determination result M, and the like,
whether or not an abnormality has occurred, the abnormality
mode of the occurring abnormality, and the severity thereof
are displayed (step ST107: diagnosis result display step).

In the diagnosis result display step, an alert for the
abnormality, the abnormality degree, the contribution degree,
the cause possibility factor, and the like may be displayed
as described above.

[0057] Next, the determination clustering information CLM
is updated as necessary (step ST108: determination
information update step). Update of the determination
clustering information CLM is as described above. 1In FIG. 6,
the determination information update step is performed after
the diagnosis result display step. However, the order of the
two steps may be reversed, or the two steps may be performed
simultaneously.

[0058] According to embodiment 1, it is possible to detect
occurrence of an abnormality In the water treatment process

and perform diagnosis for the severity of the detected
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abnormality. Specifically, the abnormality diagnosis system
includes: a measurement value collection unit which collects
a plurality of kinds of measurement values in a water
treatment process performed by the water treatment plant; a
measurement value storage unit in which the measurement
values collected by the measurement value collection unit are
accumulated; an abnormality detection unit which determines
whether or not an abnormality has occurred in the water
treatment plant, on the basis of an abnormality degree
calculated from the measurement values; a determination
information storage unit which stores determination
clustering information indicating a relationship between the
abnormality degree and an abnormality mode; an abnormality
mode determination unit which, In a case where it is
determined that the abnormality has occurred, compares the
abnormality degree calculated by the abnormality detection
unit with the determination clustering information, to
determine the abnormality mode of the occurring abnormality;
and a diagnosis result display unit which displays a result
of the determination of the abnormality mode. The
abnormality mode i1s associated with a severity for the water
treatment plant.

[0059] When 1t is determined that an abnormality has
occurred, the abnormality degree calculated by the

abnormality detection unit is compared with the determination
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clustering information, to determine the abnormality mode of
the occurring abnormality, and the abnormality mode is
associated with the severity for the water treatment plant.
With determination for the abnormality mode, the severity
which 1s the magnitude of an adverse effect caused to the
water treatment plant by the occurring abnormality is also
diagnosed.
[0060] In addition, a user who is notified of abnormality
detection via display of a diagnosis result by the diagnosis
result display unit can recognize the severity of the
occurring abnormality, and thereby can swiftly determine
whether or not the user should preferentially cope with the
abnormality. Thus, maintenance and management of the water
treatment plant can be made efficient.
[0061] Embodiment 2

Next, embodiment 2 will be described with reference
to FIG. 8 to FIG. 11. Components that are the same as or
correspond to those shown in FIG. 1 to FIG. 7 are denoted by
the same reference characters and the description thereof is
omitted. Embodiment 2 is different from embodiment 1 in that
determination clustering information i1s generated through
machine learning before actual operation iIs started. FIG. 8
is a block diagram showing a configuration of an abnormality
diagnosis system for a water treatment plant according to

embodiment 2. An abnormality diagnosis system 2000 includes
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the same abnormality diagnosis device 100 as in embodiment 1,
and a past abnormality learning device 900 connected to the
abnormality diagnosis device 200 via a network. The past
abnormality learning device 900 generates determination
clustering information CLM_P from information about past
abnormalities, and transmits the generated determination
clustering information CLM_P to the determination information
storage unit 105 of the abnormality diagnosis device 200.

The determination information storage unit 105 stores the
determination clustering information CLM_P acquired from the
past abnormality learning device 900. In actual operation,
the determination clustering information CLM_P is used as the
determination clustering information CLM for abnormality mode
determination.

[0062] The abnormality diagnosis device 200 basically has
the same configuration as the abnormality diagnosis device
100 in embodiment 1, but is different from the abnormality
diagnosis device 100 in that the determination information
generation unit 108 i1s not provided. That is, In embodiment
2, generation and update of the determination clustering
information CLM iIn actual operation need not be performed.

In addition, embodiment 2 is different from embodiment 1 also
in that the determination clustering information CLM is sent
to the abnormality detection unit 103. To be strict, the

determination clustering information CLM is sent to a
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threshold setting unit 1035 of the abnormality detection unit
103. The determination clustering information CLM iIn
embodiment 2 is the determination clustering information
CLM_P based on past data, and includes information about
clusters corresponding to various abnormalities that occurred
in the past. Therefore, it is possible to set the threshold
Th correspondingly to each cluster. In other words, 1t is
possible to set the threshold Th correspondingly to each
abnormality. Thus, more accurate abnormality detection can
be performed. In addition, since the threshold Th can be set
on the basis of the already generated determination
clustering information CLM, It iIs not necessary to calculate
the value of "m + 30" for each of the T2 value and the Q
value as i1n embodiment 1. Thus, the calculation load in
abnormality detection can be reduced.

[0063] The past abnormality learning device 900 applies a
method of MSPC to data obtained when abnormalities occurred
in the past, to calculate abnormality degrees (T2 values and
Q values), and applies a method of machine learning to the
calculated abnormality degrees, to generate the determination
clustering information CLM. FIG. 9 i1s a block diagram
showing a configuration of the past abnormality learning
device according to embodiment 2. The past abnormality
learning device 900 includes: a past abnormality DB 901,

i.e., a past abnormality storage unit, in which data when
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abnormalities occurred in the past are accumulated; a data
set acquisition unit 902 which acquires a data set DS P from
the past abnormality DB 901; a preprocessing unit 903 which
performs preprocessing on the data set DS P and outputs the
resultant data as a preprocessed data set DS P*; a principal
component analysis unit 904 which performs PCA analysis on
the preprocessed data set DS P*, to generate principal
component axis information PA _P; a past abnormality degree
calculation unit 905 which calculates a past abnormality
degree WD P, using the principal component axis information
PA_P and the preprocessed data set DS P*; and a past
abnormality clustering unit 906 which performs clustering
through machine learning, for the past abnormality degree
WD_P, to associate the past abnormality degree WD P and the
abnormality mode with each other so as to generate
determination clustering information CLM_P.

[0064] In the past abnormality DB 901, various measurement
value data D P (not shown) when abnormalities occurred in the
past are accumulated. In addition, in the past abnormality
DB 901, the accumulated measurement value data D P are
respectively associated with the abnormality modes of the
abnormalities that occurred. In other words, the measurement
value data D P accumulated in the past abnormality DB 901 are
respectively labeled with the abnormality modes.

[0065] Among the measurement value data D _P accumulated in
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the past abnormality DB 901, the data set acquisition unit
902 acquires, for example, a combination of the same series
of measurement value data D_P (a combination of measurement
value data D _P of which the measurement times are the same),
as one data set DS_P. Since the measurement value data D_P
composing the data set DS_P are labeled with abnormality
modes, the data set DS P is also labeled with abnormality
modes.

[0066] The preprocessing unit 903 acquires the data set
DS P from the data set acquisition unit 902, and performs
preprocessing on the data set DS P. The content of the
preprocessing iIs the same as 1n embodiment 1. The
preprocessing unit 903 outputs the preprocessed data set

DS _P* that has undergone the preprocessing, to the principal
component analysis unit 904 and the past abnormality degree
calculation unit 905.

[0067] The principal component analysis unit 904 performs
PCA analysis on the data set DS P*. The PCA analysis is the
same as iIn embodiment 1, and a first principal component axis
and a second principal component axis are determined from the
plurality of measurement value data D_P composing the data
set DS P*. The principal component analysis unit 904 outputs
information about the principal component axes as principal
component axis information PA_P.

[0068] The past abnormality degree calculation unit 905
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acquires the principal component axis information PA P from
the principal component analysis unit 904, acquires the data
set DS _P* as a target of abnormality detection from the
preprocessing unit 903, and calculates the past abnormality
degree WD P using the principal component axis information
PA_P and the data set DS P*. 1In calculation of the "past
abnormality degree”™ In embodiment 2, for the measurement
value data D P, i1.e., measurement value data when
abnormalities occurred in the past, the T2 value and the Q
value are calculated In the same manner as in calculation of
the "abnormality degree'™ in embodiment 1. The past
abnormality degree calculation unit 905 outputs data of the
calculated past abnormality degree (T2 value and Q value) as
the past abnormality degree WD _P to the past abnormality
clustering unit 906. As is found from the fact that the past
abnormality degree WD_P is calculated from the measurement
value data D P (the original data of the past abnormality
degree WD _P is the measurement value data D_P), the past
abnormality degree WD P 1s also associated with the
abnormality mode.

[0069] The past abnormality clustering unit 906 acquires
the past abnormality degree WD _P from the past abnormality
degree calculation unit 905, and using the past abnormality
degree WD P as an i1nput, performs machine learning, e.g.,

unsupervised learning such as a k-means method or supervised
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learning such as decision tree analysis, to perform
clustering for a relationship between an abnormality mode,
and the T2 value and the Q value when an abnormality occurred
in the past, i.e., the past abnormality degree WD _P, thus
generating the determination clustering information CLM_P.
The past abnormality clustering unit 906 transmits the
generated determination clustering information CLM_P to the
determination information storage unit 105 of the abnormality
diagnosis device 200. The abnormality mode associated with
the past abnormality degree WD P in generation of the
determination clustering information CLM_P is the abnormality
mode of the abnormality that occurred in the past, and the
severity thereof is already known. That is, in generation of
the determination clustering information CLM_P, the past
abnormality degrees WD _P are sequentially associated with the
past abnormalities which are already known (the severities
thereof are already known).

[0070] Using the same method as that described in
embodiment 1, contribution degrees regarding data when
abnormalities occurred in the past may be calculated, and the
calculated contribution degrees may be associated with the
abnormality modes. Information about the association between
the abnormality modes and the contribution degrees regarding
data when abnormalities occurred iIn the past i1s added to the

determination clustering information CLM_P.
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[0071] A hardware configuration of the past abnormality
learning device 900 i1s the same as that of the abnormality
diagnosis device 100.

[0072] Various kinds of measurement values in the water
treatment plant often have a day-by-day or season-by-season
periodicity. Therefore, in a case of generating the
determination clustering information CLM_P using data when
abnormalities occurred in the past, the determination
clustering information CLM_P 1s generated using data for the
same time period in a day or for the same season In a year,
whereby accuracy of abnormality detection and abnormality
mode determination in actual operation iIs improved. For
example, in a case where abnormality detection and
abnormality mode determination in actual operation are
performed in spring, it is desirable that the determination
clustering information CLM_P is generated using data when
abnormalities occurred In spring one year ago, etc.

[0073] Next, operation will be described. FIG. 10 is a
flowchart showing operation of the abnormality diagnosis
system for the water treatment plant according to embodiment
2. First, through machine learning using data when
abnormalities occurred in the past, determination clustering
information CLM_P is generated (step ST201: learning step).
Next, using the determination clustering information CLM_P

generated in the learning step, an abnormality occurring iIn
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the water treatment plant which is a monitoring target is
detected, and the abnormality mode of the occurring
abnormality is determined (step ST202: actual operation
step). In the actual operation step, the determination
clustering information CLM_P generated in the learning step
is used as the determination clustering information CLM, to
execute determination for the abnormality mode. In the
actual operation step, the determination clustering
information CLM need not be updated. Therefore, the actual
operation step is different only iIn that the determination
information update step in step ST108 is absent, and except
for this, the actual operation step Is the same as the flow
shown In embodiment 1 (FIG. 6).

[0074] The learning step will be described. FIG. 11 is a
flowchart showing the learning step according to embodiment
2. In the learning step, the determination clustering
information CLM_P i1s generated using the method of MSPC
described In embodiment 1 and machine learning. First, data
when abnormalities occurred iIn the past are accumulated (step
ST2011: past abnormality data accumulation step). Next, from
the data when abnormalities occurred in the past, a
combination of the same series of measurement value data D P,
or the like is acquired as one data set DS P (step ST2012:
data set acquisition step), and preprocessing is performed on

the data set DS P, to obtain a preprocessed data set DS P*
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(step ST2013: preprocessing step). The preprocessing for the
data set DS P i1s as described above.

[0075] Next, PCA analysis is performed on the data set
DS_P* (step ST2014: principal component analysis step). The
PCA analysis i1s as described above, and regarding data when
abnormalities occurred in the past, principal component axis
information PA P which 1s information about each principal
component axis i1s obtained.

[0076] Next, past abnormality degrees are calculated using
the principal component axis information PA_ and the data set
DS_P* which is the original data for calculating past
abnormality degrees (step ST2015: past abnormality degree
calculation step). The past abnormality degree is as
described above. In embodiment 2, for data when
abnormalities occurred in the past, the T2 values and the Q
values are calculated, and data of the calculated T2 values
and Q values are used as the past abnormality degrees WD_P.
[0077] Next, on the basis of the past abnormality degrees
WD_P, data when abnormalities occurred in the past are
classified by a method of clustering, to generate
determination clustering information CLM_P (step ST2016: past
abnormality clustering step). The clustering In the past
abnormality clustering step iIs as described above, and by
performing machine learning, e.g., unsupervised learning such

as a k-means method or supervised learning such as decision
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tree analysis, a relationship between the past abnormality
degrees WD_P (T2 values and Q values) and the abnormality
modes is clustered, to generate the determination clustering
information CLM _P.

[0078] According to embodiment 2, the same effects as in
embodiment 1 can be obtained.

In addition, the calculation load i1In actual
operation can be reduced, and abnormality detection and
abnormality mode determination can be performed more quickly.
Specifically, a past abnormality DB for accumulating data of
measurement values when abnormalities occurred in the past is
provided, and in a learning step before an actual operation
step, determination clustering information is generated using
the data of the measurement values when the abnormalities
occurred in the past. In actual operation, abnormality mode
determination may be performed using the already generated
determination clustering information. That is, It is not
necessary to perform calculation for generating and updating
determination clustering information as in embodiment 1.
Therefore, the calculation amount in abnormality mode
determination In actual operation is reduced. A
configuration having an advanced calculation function 1is
needed for generation and update of the determination
clustering information, but In embodiment 2, such a

configuration can be omitted from the abnormality diagnosis
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device. In addition, since the threshold for abnormality
detection is set on the basis of the already generated
determination clustering information, more accurate
abnormality detection can be achieved and the calculation
load 1n abnormality detection in actual operation can be
reduced.
[0079] In addition, if determination clustering
information iIs generated using past data having a high
autocorrelation, accuracy of abnormality mode determination
can be improved.
[0080] Embodiment 3

Next, embodiment 2 will be described with reference
to FIG. 12 to FIG. 15. Components that are the same as or
correspond to those shown In FIG. 1 to FIG. 11 are denoted by
the same reference characters and the description thereof is
omitted. In embodiment 3, not only data when abnormalities
occurred iIn the past but also a result of simulation by a
water quality simulator is used in generation of the
determination clustering information CLM_P in embodiment 2.
FIG. 12 is a block diagram showing a configuration of an
abnormality diagnosis system for a water treatment plant
according to embodiment 3. An abnormality diagnosis system
3000 includes the same abnormality diagnosis device 200 and
the same past abnormality learning device 900 as iIn

embodiment 2, and a simulation device 800 connected to the
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past abnormality learning device 900 via the network. The
simulation device 800 transmits a simulation result RES of a
water quality simulator which virtually reproduces an
abnormality, to the past abnormality DB 901 of the past
abnormality learning device 900. In the past abnormality DB
901, the simulation result RES i1s accumulated as with the
measurement value data D _P which i1s data when an abnormality
occurred in the past. In the past abnormality learning
device 900, the simulation result RES i1s treated in the same
manner as with the measurement value data D_P.

[0081] FIG. 13 is a block diagram showing a configuration
of the simulation device according to embodiment 3. The
simulation device 800 includes a calculation condition
reception unit 801 which receives an input of a calculation
condition COND in water quality simulation, an abnormality
condition generation unit 802 which generates an abnormality
condition COND* for virtually reproducing an abnormality on
the basis of the calculation condition COND, and a water
quality simulator unit 803 which performs water quality
simulation using the abnormality condition COND* as an input,
and outputs a simulation result RES.

[0082] The calculation condition reception unit 801 iIs an
interface that receives a calculation condition COND inputted
by a user, and outputs the received calculation condition

COND to the abnormality condition generation unit 802. The
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calculation condition COND includes conditions such as an
inflow water quality condition and an operation condition for
a process regarding an abnormality to be reproduced.

[0083] The abnormality condition generation unit 802
generates an abnormality condition COND* for virtually
reproducing an abnormality in water quality simulation on the
basis of the calculation condition COND inputted by a user.
The abnormality condition generation unit 802 outputs the
abnormality condition COND* to a computation unit 803a of the
water quality simulator unit 803.

[0084] The water quality simulator unit 803 includes the
computation unit 803a which executes calculation involved in
simulation, and a model storage unit 803b which stores
various simulation models MDL needed for a water quality
simulator. In water quality simulation performed by the
water quality simulator unit 803, the simulation model MDL to
be used 1n water quality simulation is read from the model
storage unit 803b to the computation unit 803a, and
processing such as calculating progress over time from the
initial condition is performed on the basis of the read
simulation model MDL and the abnormality condition COND*,
thus executing simulation and generating a simulation result
RES. The water quality simulator unit 803 transmits the
simulation result RES to the past abnormality DB 901 of the

past abnormality learning device 900. Examples of the
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simulation models MDL include various physics reaction models
such as a microorganism reaction activation model. 1In a case
where the model storage unit 803b stores a plurality of
simulation models MDL, the simulation model MDL to be used in
water quality simulation may be specified on the basis of the
calculation condition COND.

[0085] An abnormality to be reproduced by the water
quality simulator unit 803 is an abnormality that can occur
on a condition specified by the calculation condition COND.
Since the calculation condition COND can be arbitrarily
specified by a user, the water quality simulator unit 803 can
reproduce an abnormality that has not actually occurred in
the past. That is, the water quality simulator unit 803
virtually reproduces an abnormality that actually occurred or
an abnormality that can occur.

[0086] An abnormality is reproduced by the simulation
device 800, and data of the reproduced abnormality is also
used In machine learning in the past abnormality learning
device 900. Thus, even In a case where data to be used iIn
machine learning in the past abnormality learning device 900
is insufficient because, for example, the amount of data when
abnormalities actually occurred In the past is small, a data
size needed for machine learning can be ensured, whereby the
determination clustering information CLM_P can be accurately

generated. In addition, since abnormalities that have not



10

15

20

25

56

actually occurred in the past are reproduced, a limitation
regarding whether or not such abnormalities are the ones that
actually occurred is eliminated. Therefore, abnormalities
that have not actually occurred but can occur, can also be
reflected i1n the determination clustering information CLM_P,
whereby the range of abnormality modes that can be determined
can be expanded. Thus, the range of application of the
abnormality diagnosis system can be expanded.

[0087] Next, operation will be described. FIG. 14 1s a
flowchart showing operation of the abnormality diagnosis
system for the water treatment plant according to embodiment
3. First, water quality simulation by the water quality
simulator is performed, to obtain a simulation result RES
(step ST301: simulation step). Next, the determination
clustering information CLM_P is generated through machine
learning using the simulation result RES and data when
abnormalities occurred in the past (step ST302: learning
step). Next, using the determination clustering information
CLM_P generated in the learning step, an abnormality
generated iIn the water treatment plant which is a monitoring
target is detected, and the abnormality mode of the occurring
abnormality i1s determined (step ST303: actual operation
step). The details of the learning step and the actual
operation step are the same as in embodiment 2. In the

learning step, the simulation result RES acquired in the
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simulation step is used in machine learning as with data when
abnormalities occurred in the past.

[0088] The simulation step will be described. FIG. 15 is
a flowchart showing the simulation step according to
embodiment 3. First, a calculation condition COND inputted
by a user is received (step ST3011: calculation condition
reception step). As described above, the calculation
condition COND includes conditions such as an inflow water
quality condition and an operation condition for a process
regarding an abnormality to be reproduced.

[0089] Next, on the basis of the calculation condition
COND, an abnormality condition COND* for virtually
reproducing an abnormality in water quality simulation is
generated (step ST3012: abnormality condition generation
step).

[0090] Next, water quality simulation is executed on the
basis of the abnormality condition COND* and the simulation
model MDL, to acquire a simulation result RES (step ST3013:
water quality simulation step). The simulation model MDL is
as described above. The simulation result RES is stored into
the past abnormality DB 901.

[0091] In embodiment 3, the simulation result RES
generated by the simulation device 800 is accumulated into
the past abnormality DB 901 once. However, i1t suffices that

a result of water quality simulation by the water quality
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simulator unit 803 is reflected in generation of the
determination clustering information CLM_P. Therefore,
accumulation of the simulation result RES into the past
abnormality DB 901 is not essential, and it suffices that at
least the simulation result RES is reflected in calculation
of the past abnormality degree WD _P. For example, the
simulation result RES may be directly sent from the
simulation device 800 to the data set acquisition unit 902.
[0092] According to embodiment 3, the same effects as in
embodiment 2 can be obtained.

In addition, a water quality simulator unit which
virtually reproduces an abnormality that actually occurred or
an abnormality that can occur is further provided, and in
generation of determination clustering information, data when
an abnormality occurred in the past and data when the
abnormality virtually reproduced by the water quality
simulator unit occurs are used. Therefore, even In a case
where data when abnormalities occurred in the past is
insufficient, determination clustering information can be
accurately generated. In addition, since an abnormality that
has not actually occurred can be reproduced, the range of
abnormality modes that can be determined can be expanded,
whereby the range of application of the abnormality diagnosis
system can be expanded.

[0093] Although the disclosure is described above in terms
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of various exemplary embodiments and implementations, it
should be understood that the various features, aspects, and
functionality described in one or more of the individual
embodiments are not limited in their applicability to the
particular embodiment with which they are described, but
instead can be applied, alone or in various combinations to
one or more of the embodiments of the disclosure.

It is therefore understood that numerous
modifications which have not been exemplified can be devised
without departing from the scope of the present disclosure.
For example, at least one of the constituent components may
be modified, added, or eliminated. At least one of the
constituent components mentioned in at least one of the
preferred embodiments may be selected and combined with the
constituent components mentioned in another preferred

embodiment.

DESCRIPTION OF THE REFERENCE CHARACTERS

[0094] 100, 200 abnormality diagnosis device
101 measurement value collection unit
102 measurement value DB
103 abnormality detection unit
1034 abnormality degree calculation unit
104 contribution factor calculation unit

105 determination information storage unit
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108

800

803

900

901

905

906
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abnormality mode determination unit
diagnosis result display unit
determination information generation unit
simulation device

water quality simulator unit

past abnormality learning device

past abnormality DB

past abnormality degree calculation unit

past abnormality clustering unit

1000, 2000, 3000 abnormality diagnosis system

CLM,

CLM_P determination clustering information

Cp contribution degree data

D, D P measurement value data

M abnormality mode determination result

W abnormality presence/absence determination

WD abnormality degree

WD_P past abnormality degree
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CLAIMS
[Claim 1] An abnormality diagnosis system for a water
treatment plant, which performs diagnosis for an abnormality
of the water treatment plant which Is a monitoring target,
the abnormality diagnosis system comprising:

a measurement value collection unit which collects
a plurality of kinds of measurement values in a water
treatment process performed by the water treatment plant;

a measurement value storage unit in which the
measurement values collected by the measurement value
collection unit are accumulated;

an abnormality detection unit which determines
whether or not an abnormality has occurred in the water
treatment plant, on the basis of an abnormality degree
calculated from the measurement values;

an abnormality mode determination information
storage unit which stores abnormality mode determination
information indicating a relationship between the abnormality
degree and an abnormality mode;

an abnormality mode determination unit which, In a
case where i1t is determined that the abnormality has
occurred, compares the abnormality degree calculated by the
abnormality detection unit with the abnormality mode
determination information, to determine the abnormality mode

of the occurring abnormality; and
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a diagnosis result display unit which displays a
result of the determination, wherein
the abnormality mode is associated with a severity

for the water treatment plant.

[Claim 2] The abnormality diagnosis system for the water
treatment plant according to claim 1, further comprising a
contribution factor calculation unit which calculates, for
each of the measurement values, a contribution degree
indicating a degree of an influence caused to variation iIn
the abnormality degree, wherein

the abnormality mode determination unit narrows
down the abnormality modes on the basis of the contribution
degrees, before the determination based on comparison between
the abnormality degree and the abnormality mode determination

information.

[Claim 3] The abnormality diagnosis system for the water
treatment plant according to claim 2, wherein

the contribution factor calculation unit specifies,
as a cause possibility factor, the measurement value ranked
high In an order of magnitudes of the contribution degrees,
and

the abnormality mode determination unit narrows

down the abnormality modes on the basis of the contribution
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degrees and the cause possibility factor.

[Claim 4] The abnormality diagnosis system for the water
treatment plant according to any one of claims 1 to 3,
further comprising a determination information generation
unit which generates and updates the abnormality mode
determination information on the basis of a relationship
between the abnormality degree acquired in actual operation
and the severity of the abnormality having the acquired

abnormality degree.

[Claim 5] The abnormality diagnosis system for the water
treatment plant according to any one of claims 1 to 3,
further comprising:

a past abnormality storage unit in which data of
the measurement values when abnormalities occurred in past
are accumulated;

a past abnormality degree calculation unit which
calculates the abnormality degree as a past abnormality
degree from the measurement values accumulated in the past
abnormality storage unit; and

a past abnormality clustering unit which performs
clustering through machine learning for the past abnormality
degree, to associate the past abnormality degree and the

abnormality mode with each other, thus generating
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determination clustering information, wherein

the abnormality mode determination unit determines
the abnormality mode of the abnormality occurring at present,
using the determination clustering information generated in

advance, as the abnormality mode determination information.

[Claim 6] The abnormality diagnosis system for the water
treatment plant according to claim 5, further comprising a
water quality simulator unit which virtually reproduces an
abnormality that actually occurred or an abnormality that can
occur, wherein

the past abnormality degree calculation unit
calculates the past abnormality degree using data of the
abnormality virtually reproduced by the water quality
simulator unit and the measurement values accumulated in the

past abnormality storage unit.

[Claim 7] The abnormality diagnosis system for the water
treatment plant according to claim 5 or 6, wherein

in generation of the determination clustering
information, the measurement values when the abnormalities
occurred i1n the past, of which a time iIin a day or a season iIn
a year iIs the same as a time or a season at present, are

used.
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[Claim 8] An abnormality diagnosis method for a water
treatment plant, which performs diagnosis for an abnormality
of the water treatment plant which Is a monitoring target,
the abnormality diagnosis method comprising:

a measurement value collection step of collecting a
plurality of kinds of measurement values iIn a water treatment
process performed by the water treatment plant;

a measurement value accumulation step of
accumulating the measurement values collected in the
measurement value collection step;

an abnormality detection step of determining
whether or not an abnormality has occurred In the water
treatment plant, on the basis of an abnormality degree
calculated from the measurement values;

an abnormality mode determination step of, in a
case where it is determined that the abnormality has
occurred, comparing the abnormality degree calculated In the
abnormality detection step with abnormality mode
determination information indicating a relationship between
the abnormality degree and an abnormality mode, to determine
the abnormality mode of the occurring abnormality; and

a diagnosis result display step of displaying a
result of the determination, wherein

the abnormality mode is associated with a severity

for the water treatment plant.
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[Claim 9] The abnormality diagnosis method for the water
treatment plant according to claim 8, further comprising a
contribution factor calculation step of calculating, for each
of the measurement values, a contribution degree indicating a
degree of an influence caused to variation in the abnormality
degree, wherein

in the abnormality mode determination step, the
abnormality modes are narrowed down on the basis of the
contribution degrees, before the determination based on
comparison between the abnormality degree and the abnormality

mode determination information.

[Claim 10] The abnormality diagnosis method for the water
treatment plant according to claim 9, wherein

in the contribution factor calculation step, the
measurement value ranked high 1n an order of magnitudes of
the contribution degrees is specified as a cause possibility
factor, and

in the abnormality mode determination step, the
abnormality modes are narrowed down on the basis of the

contribution degrees and the cause possibility factor.

[Claim 11] The abnormality diagnosis method for the water

treatment plant according to any one of claims 8 to 10,
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further comprising generating and updating the abnormality
mode determination information on the basis of a relationship
between the abnormality degree acquired in actual operation
and the severity of the abnormality having the acquired

abnormality degree.

[Claim 12] The abnormality diagnosis method for the water
treatment plant according to any one of claims 8 to 10,
further comprising:

a past abnormality data accumulation step of
accumulating data of the measurement values when
abnormalities occurred In past;

a past abnormality degree calculation step of
calculating the abnormality degree as a past abnormality
degree from the measurement values accumulated in the past
abnormality data accumulation step; and

a past abnormality clustering step of performing
clustering through machine learning for the past abnormality
degree, to associate the past abnormality degree and the
abnormality mode with each other, thus generating
determination clustering information, wherein

in the abnormality mode determination step, the
abnormality mode of the abnormality occurring at present is
determined, using the determination clustering information

generated iIn advance, as the abnormality mode determination
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information.

[Claim 13] The abnormality diagnosis method for the water
treatment plant according to claim 12, further comprising a
water quality simulation step of virtually reproducing an
abnormality that actually occurred or an abnormality that can
occur, wherein

in the past abnormality degree calculation step,
the past abnormality degree is calculated using a simulation
result of the water quality simulation step and the
measurement values accumulated in the past abnormality data

accumulation step.

[Claim 14] The abnormality diagnosis method for the water
treatment plant according to claim 12 or 13, wherein

in generation of the determination clustering
information, the measurement values when the abnormalities
occurred in the past, of which a time in a day or a season iIn
a year 1s the same as a time or a season at present, are

used.



