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DESCRIPTION

Title of Invention
DEVICE AND METHOD FOR OBSERVING ABNORMALITIES IN CIRCULATING

FLUIDIZED BED BOILER

Technical Field
[0001]
The present invention relates to a device and a method for

observing an abnormality in a circulating fluidized bed boiler.

Background Art

[0002]

An observation system disclosed in PTL 1 is known in the
related art. In the observing system, a Mahalanobis distance
of observation target data is calculated, and the presence or
absence of an abnormality in the observation target data is
determined based on the Mahalanobis distance. When it is
determined that there is the abnormality in the observation
target data, observation target data having a high rate of
contribution to a larger-the-better characteristic of the
Mahalanobis distance is extracted from the plural pieces of

observation target data as an abnormality signal.
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Patent Literature
[0003]
[PTL 1) Japanese Unexamined Patent Application

Publication No. 2011-90382

Summary of Invention
Technical Preblem

[0004]

In an observation system of a process system such as a power
generation plant, there is a technique that determines the
presence or absence of an abnormality in observation target data
using multivariate analysis or data mining. According to the
determination technicue, it is possible to determine the
presence or absence of the abnormality due to an already known
phencmenon, but for example, it is difficult to determine the
presence or absence of the abnormality due to a phenomenon with
an extremely low occurrence probability such as bursting, or
the presence or absence of the abnormality due to an unknown
phenomenon that has not yet occcurred.

[0005]

In a system using a technigue of a Mahalanobis Taguchi
System (hereinafter, referred to as “MT§”), f£irst, a unit space
is created based on data acquired from the system that is normally
operated. Then, a distance from the center of the unit space

to observation target data is calculated as a Mahalanobis
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distance. Further, the presence or absence of an abnormality
is determined based on the Mahalanobis distance. BAccording to
the MTS, it is possible to determine the presence or absence
of the abnormality due to a phenomenon with an extremely low
occurrence probability, or the presence or absence of the
abnormality due to an unknown phenomenon that has not cccurred.
Furthermore, according to the MTS, it is possible to extract
observation target data with a high centribution degree that
represents the degree of influence on the Mahalanobis distance
from the plural pieces of observation target data.

[0006]

However, in the process system such as a power generation
plant, acquirable observation target data is limited, and a water
supply and steam system, a fuel and exhaust gas system and the
like are combined complicatedly. Accordingly, when the
abnormality observation system using the MTS is applied to the
process system, a phencmenon that is a cause of the abnormality
may not be reliably specified from an abnormality signal.

[00C7]

Thus, an object of the invention is to provide a device
for observing an abnormality in a circulating fluidized bed
boiler capable of reliably specifying a cause of the operation
abnormality.

Solution to Problem

(ocosg]
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Bccording to an aspect of the invention, there is provided
an abnormality observation device in a circulating fluidized
bed boiler, including: operation data acquisition means for
acquiring operationdata formed of sensor data of the circulating
fluidized bed boiler; abnormality determination means for
determining the presence or absence of an operation abnormality
of the circulating fluldized bed boiler based on a Mahalanobis
distance of the operation data; image data acquisition means
for acquiring image data of a predetermined imaging portion of
the circulating fluidized bed boiler; and data recording means
for synchronizing ard storing the sensor data and the image data
of the imaging portion relating to the sensor data, when the
abnormality determination means determires that there is the
operation abnormality.

[0009]

According to another aspect of the invention, there is
provided a method for observing an abnormality in a circulating
fluidized bed boiler, including: an operation data acquisition
process of acquiring operation data formed of sensor data of
the circulating fluidized bed boller; an abnormality
delermination process of determining the presence or absence
of an operation abnormality cf the circulating fluidized bed
hoiler based on a Mahalanobis aistance of the operation data;
an image data acquisition process of acquiring inage data of

a predetermined imaging portion of the circulating fluidized
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bed bciler; and a data recording process for synchronizing and
storing the sensor data and the image data of the imagincg portion
relalting to the sensor data, when 1t s determwmined that there
is the operation abnormality in the abnormality determination
process.

(0010]

In the abnormalily observation device and the abnormality
observation method, the abnormality determination means
determines the presence or absence of operation abnormality of
the circulating fluidized bed boiler based on the Mahalanobis
distance of the operation data for the unit space. Accoerdingly,
aven when the abrnormality due to an unkncwn phenomenon occurs,
it is possible to determine that therc is the operation
abnormality in the circulating fluidized bed boiler during
operation. Furlher, the image data acquisition means cobtainsg
the image data of the predetermined imaging portion cf the
circulating fluidized bed boiler. Further, since the data
recording mecans synchronizes and stores the sensor data and the
image data of the imaging portion relating Lo the sensor data,
it is possible to analyze the cause ¢f the operation abnormality
based on the sensor data and Lhe image data. Accordingly, it
is possible to reliably specify the cause of the operation
abnormality.

[COL11}

Further, in the abnormality obscrvation device according

($4]
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to one aspect of the invention, when it is determined that there
is the operation abnormality in the circulating fluidized bed
boiler, the abnormality determinalion means may calculale the
contributior degree indicating the degree of influence of each
plece of sensor data on the Mahalanobis distance for cach piece
of sensor data, and the dala recording means may synchronivze
and storc the sensor data having the high contribution degree
selected based on the contribution degree among the sensor data
and the image data of Lhe imaging portion associated with the
sensor data having a bhigh contribution degree. In this case,
since the sensor data including the possibkility of being the
cause of the operation abnormality is cxtracted by calculating
the contribution degree for the Manalanobis distance, it is
possible to rapidly specify the cause of the operation
abnormality. Further, since the data recording means
synchronizes and stores the sensor data having the high
contribution degree and the image data of the imaging portion
associated with the sensor data, it is possible to analyze the
causc of the operation abnormality based on the sensor data
havirg the high contribution degree and the image data.
Accordingly, it is possible to reliably and rapidly specify the
cause of the operation abnormality.

(0012]

In addition, when the abnormality delermination means

determnines that there is the operation abnormality in the
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circulating fluidized bed boiler, data display means for
displaying the operation data and the image data in association
may be further included. In this case, in a place where it is
determined that there is the operation abnormality, it is
possible to analyze the cause of the operation abnormality based
on the sensor data and the image data.

[0013]

Further, the abnormality observation device according to
one aspect of the invention may further include unit space
creation means for creating a unit space, and the unit space
may be created based on the operation data when the circulating

fluidized bed boiler is normally operated.

Advantageous Effects of Invention

(0014)

According to the device and method for observing the
abnormality in the circulating fluidized bed boiler of the
invention, it is possible to reliably specify the cause of the

operation abnormality.

Brief Description of Drawings

(0015]

FIG. 1 is a diagram illustrating a configuration of an
abnormality observation device according to an embodiment of

the invention.




10

15

20

FIG. 2 is a diagram illustrating an example of operation
data acquisition means disposed in a circulating fluidized bed
boiler.

FIG. 3 is a diagram illustrating an example of image data
acquisition means disposed in the circulating fluidized bed
boiler.

FIG. 4 is a diagram illustrating an imaging portion
associated with senscr data.

FIG. 5 is adiagram illustrating hardware that forms a part
of the abnormality observation device.

FIG. 6 is a diagram illustrating a process of creating a
unit space.

FIG. 7 is a diagram illustrating a process of observing
the presence or absence of an operaticn abnormality of the
circulating fluidized bed boiler.

FIG. 8 is a diagram illustrating a process of calculating

a contribution degree for a Mahalanobis distance.

Description of Embodiments

[00l1l6]

Hereinafter, a device and a method for cbserving an
abnormality in a circulating fluidized bed boiler will be
described in detail with reference to the accompanying drawings.
The same reference numerals are given to the same components

in the description of the drawings, and a repetitive description
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In the furnace 3, a solid body including the fuel
introduced through the fuel supply port 3a flows by air for
combustion and flowing that is intrcduced froma lower air supply
line 3¢, and is burned at about 800°C to about 3%00°C while the
fuel is flowing. A combustion gas generated in the furnace 3
is introduced to the cyclone 7 while being accompanied by solid
particies. The cyclone 7 separates the solid particles and the
gas by a centrifugal separation effect, returns the separated
solid particles threcugh the return line 9 to the furnace 3, and
transmits the combustion gas from which the solid particles are
renoved to the gas treatment system in the pcst-stage through
the gas line from the discharge port 7a.

[C0209

in the furnace 3, the solid boedy called a “fluidizing
material in the furnace” is generated and remains at the bottom,
and thus, it is necessary to suppress sintering and
melt-solidification of the fluidizing material generated as
impurities (low melting point material or the like) are
concentrated in the fluidizing material, or an overatiocon error
due to incomobustible foreign matter. Thus, in the furnace 3,
the fluidizing material in the furnace 1is periodically
discharged outside thrcugh a discharge port 3d at the bottem
thereof. After the improper materials such as a metal are

reroved from a circulation line (not shiown}, the discharged

rt
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fluidizing materizl is Introduced to urnace 3 agairn.
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[C021]

The gas treatment system includes a gas heat exchanger 13
connected tc the discharge port 7a of the cyclone 7 through the
gas line, and a bag filter (dust collector) 15 connected to &
discharge pert 13a of the gas heat exchanger 13 through the gas
iine. The gas heat exchanger 13 is provided with a boiler tubs
13b that carries water tc cross a flow path of the exhaust gas.
As a high temperature exhaust gas transmiited from the cyclone
7 is 1n contact with the boiler tube 13b, th=2 heat of the exhaust
gas is collected in the water inside the tube, and the generated
high temperature steam is tramsmitied to a power generation
turbine through the koilexr tube 13b. The bag filter 15 removes
minute particles such as £lying ash or the Like that still remain
in the combustible gas. The clezan gas discharged from a
discharge pecrt 1ta of the bag filter 15 is discharged outside
Irom a chimney 19 through the gas line and a pump 17.

[0022]

Subsequently, the abnormality observation device 1 wiil
e described. As shown in FIG. 1, the abrormality observaticn
device i determines the presence or absence of the operation
abnormzlity of the koiler Z based on operation data of the boiler
2. Next, when it is determin=ad that there is the operation
akbnormality in the boiler 2, the abnormality observation device

1 extracts high contribution degree sensor data that is senso

H

data havirg a possibility of peing a cause of the operation

11
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abnormality. Further, the abnormality observation device 1
synchronizes and reccrds the sensor data and image data acquired
by imaging a portion of the boiler 2 associated with the seunsor
data.

[0023]

Tre abnormaiity observation device 1 determines the
presence or absence 0f the operation abnermality of the boiler
2 based on the Mahalanobis Taguchi System (MTS) technique. The
characteristic of the MTS for “he purpose of pattern recognition
is in that a unit space is defined and a distance to target data
fromthe center of the unit space is calculated as the Mahalancbis

distance. The unit space serves as the centeasr or refersnce o

1]

the pattern recognition. The Mahalarnobis distance that is the
distance ketween the center of an existing data group and the
target data is calculated using correlatiocn betwesen all
variables. Details of the Mahalanobis distance will be
described later.

rogz4]

The abnormality observationdevice 1 includes an operation
data acquisitionpart (operation data acquisitionmeans) 21 that
acquires operation data, an image data acquisition part (image
data acquisition means) 22 that acqguires image data, and a data

processing vart 22 that processes the operaticn data and the
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Hereinafter, functions cf

“he regpective components will be described.



[0025]

The operation data acquisition part 21 acquires operation
data indicating an operation state of thebciler 2. As described
later, a temperature sensor 24, a pressure sensor 26 and the
flow rate sensor 27 included in the operation data acquisition
part 21 are provided in respective portions of the poiler 2.
The operation data refers to a data group fcrmed of sensor data
of these sensors. The operation data includes data such as
temperatures, pressures, and flow rates of the respective
portions of the boiler 2, and indicates the cperation state of
the boiler 2. The operation data acquired by the operation data
acqguisition part 21 is output to the data processing part 23.

[(0026]

An arrangement example of the temperature sensor 24, the
oressure senscor 26, and the flow rate sensor 27 will be described.
In the example described hereinafter, temperature sensors 24a
to 24d, and 24f to 24k bpelcng o the temperature sensor 24 shown
in FIG. 1, pressure sensors 26a to 26cd, and 26f to 26k belong
to the pressure sensor 26 shown in FIG. 1, and flow rate sensors
27e, 27h, and 27j belong to the flow rate sensor 27 shown in
FIG. 1.

r0027]

As shown in FIG. 2, in the vicinity of the discharge port
3d of the furnace 3, the temperature senscr 242 and the pressure

sensor 26a are dispossed. The temperature sensor 24a acquires

13
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pressure sensor 26a acquires pressure data of the lower porticn
of the furnace 3. In the intermediate portion of the furnace
3, the temperature sensor 24b and the pressure sensor 26b are
disposad. The temperature sensor 24b acquires temperature data
cf the intermediate portiocn of the furnace 2, and the pressure
sensor 26b acgulres pressure data of the intermediate portion
of tne furnace 3. On an inner upper surface 3e of the furnace
3, the temperature senscr 24c and the pressure sensor 26¢ are
disposed. The temperatiure sensor 24c¢ acqgulres tenmperature data
of the upper portion c¢i the furnace 3, and the pressure sensor
26c acquires pressure data of the upper portion cf the furnace
3. The temperature sensor 2Z24d and the pressure sensor 26d are
disposed in the gas cutput port 3b. The temperature senscr 24d
acquires Temperature data of the discharged gas in the gas output
port 3b, and the pressure sansor 26d acquires pressure data of
the discharged gas in the gas output port 3b.

[0028]

The flow rate sensor 27e is disposed in the air supply line
3c. The flow rate sensor 27e acgquires flow rate data of air that
flows through the air supply line 3c.

[0029]

In the vicinity of the heat exchange part 13c of the gas
heat exchanger 13, the temperature sensor 24I and the pressure

sensor 26f are disposed. The temperature sensor Z24f acquires

14
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temperature data of the exhaust gas in the gas heat exchanger
13, and the pressure sensor 26f acquirss pressure data of the
exhaust gas in the gas heat exchanger 13. In the vicinity of
the discharge pert 13a of the gas heat exchanger 13, the

temperature sensor 24g and the pressure sensor 26g are disposed.
The temperature sensor 24g acquires temperature data of the
exhaust gas dischaxged from the discharge port 13a, and the
pressure sensor 26g acquires pressure data of the exhaust gas

discharged from th

o

discharge port 13a.

[0030]

On an upstream side from the heat exchange part 13c of the
gas heat exchanger 13, the temperature sensor 24h and the flow

rate sensor 27h are dispcsed. The temperature sensor 24n

)]

acquires temperature data of the water ir the tube before tne

(

heat of the exhaust gas is collected, and the flow rate sensor
27h acquires flow rate data of the water in the tube before the
heat of trhe exhaust gas is collected. On a downstream side of
the boiler tube 13b from the heat exchange part 13c¢, the
temperature sensor 24j, the pressure sensor 26j, and the flow
rate sensor 27j are disposed. The temperature sensor 24j
acguires temperature data of the steam in the tuke, the pressure
senscr 267 acquires pressure data of the steam in the tube, and
the flow rate sensor 27j acaouires flow rate data of the steam
in the tube.

[0031]

w
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In the vicinity of the discharge pert 15a of the bag filter
15, the temperature sensor 24k and the pressure senscr 26k are
disposed. The temperature sensor Z24% acguires temperature data
of the exhaust gas in the vicinity of the discharge port 15a,

and the pressure sensor 26Kk acguires pressure data of the exhaust

]
45)

gas in the vicinity of the adischarge port 15a.

[0032]

As shown in FIG. 1, the image data acquisition part 22
acquires image data of a predetermined imaging portion of the
poiler 2. As described later, plural cameras 28 included in the
image data acquisition part 22 are provided in the respective
portions of the boiler 2. The image data refers to ilmage data
of the predetermined Zmaging portion of the boiler 2 captured
by these cameras 23. The image data may be a still image or a
noving image. The image data acquired in the image data
acquisition part 22 is output to the data processing part 23.

[00331

The example of the predetermined imaging porticn and the
arrangement example of the cameras for imaging the imaging
portionwill be described. In the example described hereinafter,
the plural cameras 28a to 28e belong to the camera 28 shown in
fIG. 1. As shown in FIG. 3, as the predetermined imaging portions,
there are a portion l6a in the vicinity of the discharge port
3d of the furnace 3 ard a portion 16b on a side wall suriace

of the furnace 3. Further, as the predetermined imaging

16
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portions, thers are a portion 26c of the heat exchange part !3c

of the gas neal exchanger 13, a cortion 1584 of the boiler tube

12b on the upstream side of the heat exchangs part 12c, and a

4]

portion 16e of the boillcer Luke 13b on the downstream side of
the heat exchangs part 1ldc. Toe comera Z28a fcr imaging the
porticn 16a is disposad in the vicirity of the fuel supply vors

3z 0f the furnace 2. The camera 28b {for imaging the portion 146D

is disposed cn an inner wall of the furnacs 3 that faces a side
wall surface that 1s an imaging target. The camnsra Z23c fZor

imaging g portion 16c¢ is arrangsd on a cr wa of the gas
maging the pertion 1 i ranged o 0 inns 11 h

heat exchanger 13 that faces ths heat exchange vart 13c. The

(6]

camexa 28d for imaging theportion léd is disposad in the vicinity
oL the portion 1éd. The camera 28e for iwaging the portion 1l6=

is disposed irn the vicinity of the oortion

Here, an example of image data assoclated wikth sensor data
will be described. As shown in FIG. 4, the camera 23c Zor imaging
the heat exchange part 13c of the gas aeat excharger 13 is
associated with the extiaust gas tempereture data of the
Lemperature senscor 24f provided in the vicinity of the heat
exchange part 13c of the gas heat exchanger 13 aad the exhaust

gas pressure cata of the pressurae sensor 26£. That is, when Lher

3

2

is the abrormality in the exhaust gas temperzsture data acquirad

in the temperaturs sensor

data acguirzd in the pressure senscr 26f, there is a kigh
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possibility that there is the abnormality in the heat exchange
part 13c that is the water supply and steam tube. Accordingly,
image data of the heat exchange part 13c captured by the camera
28c is associated with the exnaust gas temperature data acguired
by the temperature sensor 24f and the exhaust gas pressure data
acguired by the pressure sensor 26f.

[Q035]

As shown in FIG. 1, the data processing part 23 processes
the sensor data input through the operation data acguisition
part 21 to determine the presence or absence c¢f the operation
abnormality of theboiler 2. Further, when it is determined that
there is the operztion abnormality, the data processing part
23 synchronizes and records the image datz input through the
image data acquisition part 22 and the sensor data. further,
when it is determined that there is the cperation abnormality,
the data processing part 23 outputs a command for displaying
in synchronization the image data and the sensor data in a display
part (data displaymeans) 31 to be descriked later, to the display
part 31. Further, the data processing part 23 acquires in
advance operation data when the boiler 2 is normally operated,
and creates the unit space used for determination of the
operation abnormality by the MTS technigue to be described later
based on the operation data. The data processing part 23 is
realized using a computer 10C shown Zn FIG. 5, for example.

[CO36.;

18
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As shown in FIGs. 1 and 5, the computer 100 is an example
of hardware fTormed by the data processiag part 23 according to
the embodimsnt of the invention. The computar 130 irncludes
varicus data processing devices such as a server device or a
personal computer that is provided with a CPU ard psrforms
processaes cr controls by software. The computer 100 is formad
as a computer system that inclades a CPU 41, a RAM 42 ard a ROM
43 that are main storage devices, an inpuf device 44 such as

a2 keyboard or a mouse thnat is an inpub device, an outou

o
o]
D
<
'.-1
9]
(v

46 such as a display, a cormunication module 47 that is a data
trarsmissicn/receplion device such as a netwerk card, an

auxiliary storage device 48 such as a hard disk, and the Zike
device 44 forms the input part 28 to be dascribed later,

and the cutpuat device 46 forms the display part 32 to be descri

o
4
o)

[

ater {sees FIG. 1). The [unctional components showa in FIG. 1

shown in FIG. 5 rcads pradevernmined computer software to operatse
the input device £4, the cutput device 48, and the communicaticn
module 47 under “he contrel of the CPU 41, and as rcading and
writing of data in the RAM 42 or the auxiliary storage dsvice
49 are performed.

[0037)

As shown in FIG. 1, <o the data processing vart 23, the
sensor data s Inout from the operation cata acguisition part

21, and the irmage dara is input from the imags data acguisition
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rart 22. The data processing part 23 includes a unit space
creator (unit space creation means) 32 that creates the unit
space, a temporary recorder 33 that temporarily records
operation data for a predetermined period of time, an abniormality
determination part (abnormality determination means) 34 that
determines the presence or absence of the operation abnormzality
and calculates a contribution degree when it is determined that
there is the operation abnormality, and an operatior data
synchronization recoxder (data recording means) 36 thac

synchronizes and records the sensor data and the Image data.

The urit space creator 32 collects the sensor data during
a normal operation to create the unit space. Further, the unit
space creator 32 calculates and records a matrix used for
calculation of the Mahalancbis distance based on the unit space.
Further, the unit space creator 32 outputs the matrix based on
the unit space to the abnormality determination part 34 so that
the abnormality determination part 34 refers to the matrix when
calculating the Mahalanobis distance.

(00391

The temporary recorder 33 has a function of recording the
cperation data cutput from the operation data acquisition part
21 and the image data output from the image data acquisiticn
part 22 fcor a predetermined period of time. Further, when the

abnormality determination part 34 determines that there is the
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operaticn abnormality, Lhe temporary recorder 33 outputs in
synchronization the sensor data and the image data for several
seconds to several minutes around an abnormality occurrence time
to the operation data synchronization recorder 36.

[0040]

The abnormality determination part 34 calculates the
Mahalanobis distance based on the sensor data output from the
temporary recorder 33 and the matrix based on the unit space
output from the unit space creator 32. Further, the abnormality
determination part 34 compéres a threshold value recorxded in
the abnormality determination part 34 in advance with the
Mahalanobis distance, and when the Mahalanobis distance exceeds
the threshold value, delermines that there is the operation
abnormality in the boiler 2. When it is determined that there
is the operation abnormality, the abnormality determination
part 34 calculates a contribution degree indicating the degree
of influence on the Mahalanobis distance for each piece of sensor
data, and extracts the sensor data having a high contribution
degree. Further, the abnormality determination part 34 outputs
a command to the temporary recorder 33 so as to synchronize and
record the sensor data naving the high contribution degree, the
image data associlated with the sensor data having the high
contribution degree, and the Mahalanobis distance. Furthermore,
the abnormality determination part 34 outputs the sensor data

having the high contribution degree and the image data to the

21
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display part 31 to display the sensor data having the high
contribution degree and the image data.

(0041]

The operation data synchronization recorder 36
synchronizes and records the sensor data output from the
temporary recorder 33, the image data, and the Mahalanobis
distance of the cperation data for the unit space. The data
recorded in the operation data synchronization recorder 36 is
used as analysis data when the causc of the operation abnormality
is analyzed. 1In the operationdata synchronization recorder 36,
each piece of data may be compressed to be recorded. Further,
in Lhe operation data synchronization recorder 36, the sensor
data having the high contribution degree and the image data
associated with the sensor data having the high contribution
degree may be recorded, or the entire data acquired by the
operationdata acquisitionpart 21 and the image data acquisition
part 22 may be recorded.

[0042]

The data processing part 23 may include the input part 29
and the display part 31 as necessary. The input part 29 is
configured to have an input device such as a microphone. A
threshold value or the like necessary for data processing is
input through the input part 29. The display part 31 is
contigured to have an image display device such as a CRT display

or a liquidcrystal display. In the displaypart 31, information

22
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indicating thal Lhe operation annormality occurs is displayed,
the sensor dala having the high contributicn degree and the image
data output from the abnormality determination part 34, or the
like is displayed. The display part 31 may further include a
bell, z sound specaker, a lighting lamp, an LED, or the like in
order to reliably inform the occurrcnce of the operalion
abnormality, and may inform the occurrence of the operation
abnormality using this component.

[0043]

Next, the abnormality observation method based on the MTS
technique using the abnormality observation device 1 will be
described. "The abnormality observation method includes step
S10 of creating lLhe unil space shown in FIG. 6, slep 320 of
observing the operation state shown in FIG. 7, and step S25 of
analyring the cause shown in FIG. €.

[0044]

<Unit space creation step S10>

Step 810 of creating the unil space will be described with
reference to FIC. 6. Step S10 is mainly performed by the unit
spacc crcator 32 of the data processing part 23. Since an object
of the abnormality observation method of the present embodiment
is to determine the presence or abscence of the cparation
abnormality of the boiler 2, the unit space of the present
embodiment is a set of operation data acquired from the boiler

2 that is normally operated. In step S10, a matrix A nccessary

23
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for calculation of a Mahalanobis distance D? is created from the
unit space that is the group of the operation data. Step S10
is executed before the start of step S20 of observing the
operation abnormality. Further, step S10 may be executed at
every predetermined period, for example, every year, or may be
executed at an arbitrary time. That is, it is sufficient if the
matrix A can be created as step S10 is executed before step S20
of observing the operation state is executed.

[0045]

The operation data is acquired in step S11. The operation
data represents operation data on the normally operated boiler
2. In step S11, the operation data is acquired while an operator
confirms that there is no operation abnormality in the operated
boiler 2. Then, instep S12, the acquired operation data is added
tec the unit space. Subsequently, in step S13, it is determined
whether the number of pieces of data accumulated in the unit
space satisfies the number of pieces of data necessary for
creating the matrix A. More specifically, in step S13, when k
pieces of sensor data x; to ¢ are included in the operation data,
it is determined whether the number of pieces of data n of the
operation data is equal to or greater than k. When the number
of pieces of datan is smaller than k (NO), the procedure returns
to step S11, and the operation data is further acquired. When
the number of pieces of data n is equal to or greater than k

(YES), the matrix A is created in step S1l4.

24
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[0045]

Step 514 of creating the matrix A will be described in
detail. The matrix A is an inverse matrix A=R™ of a correlation
matrix R that uses a correlation coefficient between the
respective pieces of sensor data x; to x4 as a component. First,
the sensor data x; to xx is standardized. The standardization
of the sensor data x; to Xk is performed by Expression {(1). In
the standardized sensor data X; to Xy, an average value is zero,
and a standard deviation is 1.

[Expression 1]

& xa' Y xg

Xy (1)

o;

Next, the correlation matrix R is calculated. As
indicated by Expression (2), the correlation matrix is a kxk
square matrix. FBEach component ryy of the correlation matrix R
is a correlation coefficient of standardized sensor data X; and
standardized senscr data Xj.

[Expression 2]

R=|:t " i} e (2)

Te " Ta
Next, the inverse matrix A of the correlation matrix R
indicated by Expression (3) is calculated.

[Expression 3]
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Ri=d=|i . i| = (3)

[0047]

The matrix A created in step S14 is recorded in the unit
space creator 32, and is referred to by the abnormality
determination part 34 when the Mahalanobis distance D? to be
described later is calculated.

[0048]

<Abnormality observation step S20>

Abnormality observation step S20 of observing the
cperation state of the boiler 2 will be described with reference
to FIG. 7. Step S20 is mainly performed by the abnormality
determination part 34 of the data processing part 23. First,
in step S21 (operation data acquisition process and image data
acquisition process), the operation data is acquired by the
temperature sensors 24a to 24d, and 24f to 24k, the pressure
sensors 26a to 26d, and 26f to 26k, and the flow rate sensors
27e, 27h, and 27j that are disposed in the respective parts of
the boiler 2. Further, in addition to the acquisition of the
operation data, the image data is acquired by the cameras 28a
to 28e. The acquired operation data and image data are recorded
in the temporary recorder 33. Further, the operation data
recorded in the temporary recorder 33 is transmitted to the

abnormality determination part 34. Then, in step 822, the
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Mahalanobis distance D’ of the operation data is calculated.

(0049]

Here, the Mahalanobis distance D’ will be described. The
Mahalanobis distance D’ is used as a reference to measure the
distance from the center of a distribution having an arbitrary
variance. For example, the Mahalanobis distance D? having one
variable is indicated as Expression (4).

[Expression 4]

D = (x_“."“)? =£{—zf)1 - (4)

var isnoe S

In the present embodiment, the number of the pieces of
sensor data x; to xx that serve as the variable is not one, but
for example, is k. Expression (4) is modified to an expression
having k variables. The Mahalancbis distance p? indicated as
Expression (4) is modified as shown in Expression (5).

[Expression 5]
. | o
D= (x-—x)-?—-(x-x)
~(e-2)) x-3)

The first term and the third term in the above expression

- (B)

are re-written in the format of vectors, and the second term
is re-written to a variance-covariance matrix.

[Expression €]
Dl ~% = x-F)l i ™ i : o L8]
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Here, the covariance s;; of the variable i and the variable
i is expressed as Expression (7) by the correlation coefficient

Lij-

[Expression 7]

8
rp=—t— - (7)
. 0,0,
Accordingly, if the Mahalanobis distance D’ is expressed
as Expression (8) by the correlation coefficient.
[Ezpression 8]
= I‘—-—
pn B 7t T o,
D‘-_-[x'-x* "k“"k] : " s - (8)
% i e v T %%
oy
10 Further, if the sensor data x; to xx in Expression (8) is
expressed as standardized sensor data X; to X; (see Expression
(9)), Expression (8) is indicated as Expression (10).
[Expression 9]
X, ~%
A&zz_ﬁ__JL - {9)
Ok
15 [Expression 10]
-1
By T X,
Dr=[X, - X i "~ i il o= (10)
fie o T X

Tf Expression (10) is divided by the number k of the
variables, the Mahalanobis distance D? is indicated as

Expression (11).
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[Expression 11)

o T [ X
Drally, = XJ§ ™ 1 il e - (11)
Ty * Ta X,
In step S22, the sensor data x; to xx is respectively

converted into the standardized sensor data X; to X;. Further,

the standardized sensor data X; to X; and the matrix A are applied

- to Expression (11) to calculate the Mahalanobis distance D.

[0050]

Subsequently, in step S23 (abnormality determination
process), the Mahalanobis distance p* is compared with a
threshold value. The threshold value is input through the input
part 29, for example, and is recorded in the abnormality
determination part 34 in advance. The threshold value is set
as a desired value in advance. When the Mahalanobis distance
D* is smaller than the threshold value (NO), it is determined
that there is no operation abnormality, and the procedure goes
to step S28.

[0051]

On the other hand, when the Mahalanobis distance D? is equal
to or greater than the threshold value (YES), it is determined
that there is the operation abnormality, and the procedure goes
to step 825. Further, in step S25, sensor data or a set of sensor
data that may be the cause of the cperational abnormality among
the sensor data x; to xx included in the operation data is

extracted.
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(0052)

<Cause analysis step S25>

Cause analysis step S25 of analyzing the cause of the
operation abnormality will be described with reference to FIG.
8. In cause analysis step $25, when the Mahalanobis distance
D’ exceeds the threshold value in step §23 of the abnormality
observation step S20, the sensor data x; to xx or the set of the
sensor data x; to x; that contribute to increase of the
Mahalanobis distance D® is analyzed.

[0053]

In step 825a, the pieces of sensor data x; to xix that are
cause analysis targets are acquired. Here, the pieces of sensor
data x; to X, are sensor data x; to xx that form the Mahalanobis
distance that exceeds the threshold value in step S23.

[0054]

Next, an orthogonal table is created in step S25b. The
orthogonal table is a table obtained by compressing many
combinations rationally and systematically. An orthogonal
table that is generally used in cause analysis of MTS is an
orthogonal table of a double level system. Table 1l is an example
of an orthogonal table when the operation data is configured

to have seven pieces of sensor data x; to Xi.
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[Table 1]

Sensor data
No. | X1 | X2 | X3 | Xg | X5 | Xg | X7
2 1 t A (O O (O I A e A O I
2 1 [T 4T |2 2 |2 |2
5 1 3 L (2 02 1L 1% ]Z |2
Niﬁgej I lLleilz 12 12 11 |1
5 2 & 2 |} & |2 3% |2
! 6 21102 |2 |1 2 |1
7 2 |2 |1 |3 §2 12 |1
8 2 |2 L |& |1 1 §2

[0055]

Subsequently, in step S25c, the SN ratic of a
larger-the~better characteristic is calculated. It is
desirable that the Mahalanobis distance D? of the sensor data
that does not belong to the unit space, that is, the sensor data
that becomes the cause of the operation abnormality be large.
In this way, when a characteristic which is considered to be
better as a value thereof is larger the characteristic is
referred to as the larger-the-better characteristic. Further,
since the plural pieces of the sensor data are present, the
variance is generally present. The SN ratio is acquired by
quantifying the desirability including the variance. The SN
ratio is calculated by Expression (12).

[Expression 12]

2 Bl . 2
S - ST

m

[0056]

The procedure of calculating the SN ratio in step S25¢c will
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be described in detail. In the orthogonal table in Table 1,
referring to the first row showing the number of pieces of data,
the first row represents that the entire pieces of sensor data
X1 to %7 are in a first level. Accordingly, the Mahalanobis
distance Df is calculated using the entire sensor data x; to
x7. Subsequently, referring to the second row c¢f the orthogonal
table in Table 1, the second row represents that the pieces of
sensor data x; to x3 are in the first level and the pieces of
sensor data x4 to X7 are in a second level. Accordingly, the
Mahalanobis distance D;? is calculated using the sensor data x;
to x3. Thereafter, in the third row to the eighth row of the
orthogonal table in Table 1, the Mahalanobis distances Di® to
Dg” correspending to the respective rows are calculated in the
same way.

[0057]

Subsequently, the SN ratio is calculated for each piece
of sensor data x; to x;. Herxe, the SN ratio of the first level
and the SN ratio of the seccnd level are calculated for each
piece of sensor data x%; to x3;. Here, the SN ratio of the first
level refers to the SN ratio calculated using the Mahalancbis
distance in the sample number in which the SN ratio is the first
level, among the Mahalancbis distances Df 50" D&. Further, the
SN ratio of the second level refers to the SN ratio calculated
using the Mahalanobis distance in the sample number in which

the SN ratio is the second level, among the Mahalancbis distances
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Di? to Ds*

[0058]

For example, in the case of the sensor data x;, the sample
number in which the SN ratio is the first level corresponds tc
1 to 4. Accordingly, the SN ratio of the first level is
calculated using the Mahalancbis distances D;® to D,?. Further,
the sample number in which the SN ratio is the second level
corresponds to 5 to 8. Accordingly, the SN ratio of the secend
level is calculated using the Mahalanobis distances Ds® to Dg°.

The SN ratio ma; of the first level of the sensor data x; is

calculated by Expression (13). Further, the SN ratio ma; of the
second level of the sensor data x; is calculated by Expression
(14) .

[Expression 13]

%=_1010g{(1/D1’+1/D§+1/D§+1/D§)} - B

4

[Expression 14]

[C059]
In step S25d, the contribution degree is calculated. In

consideration of the sensor data x;, when a difference between
the SN ratio mMa cf the first level and the SN ratio ma; of the

second level is large in a forward direction, this means that
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the sensor data x; has a possibility of being a cause of the
operation abnormality. The difference (Nai— Maz) between the SN

ratio na1 of the first level and the SN ratio Ma of the second
level is referred to as the contribution degree. Thereafter,
the contribution degrees of the sensor dalta x; to xg are
calculated in the same way.

[0060]

The contribution degree is calculated for each piece of
sensor data x; to xy by the above-described processes S25a to
$25d. The sensor data having the highest contribution degree
or the sensor data that exceeds a predetermined threshold value
of the contribution degree is extracted as sensor data having
a high contribution degree or a set of the sensor data having
the high contribution degree.

[0061]

Referring to FIG. 7 again, in step 526 (data recording
process), the sensor data and the image data are synchronized
and recorded. Step 8526 ismainly executed by the operation data
synchronization recorder 36. Information about the sensor data
extracted as the sensor data having the high contribution degree
in step S25 is output to the temporary recorder 33 From the
abnormality determination part 34. The temporary recorder 33
outputs in synchronization the sensor data extracted as the
sensor data having the high contribution degree and the image

dala associated with the sensor data, based on the information
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output: from the abnormality determination part 34, to the
operation data synchronization recorder 36. T[urther, the
operation data synchronization recorder 36 records the sensor
data and the image data output from the temporary recorder 33.

[0062]

Further, in step 827, information indicating that there
is the operation abnormality is displayed in the display parl
31. Btep 827 is mainly executed by the display part 31. The
information indicating that there is the operation abnormality
is output to the display part 32 from the abnormality
detcrmination part 34, and the display part 31 informs that there
is Lhe operaticn abnormality bascd on the information. Further,
the sensor data cxtracted as the sensor data having the high
contribution degree and the image data of the camera asscciated
with the sensor data are outpul Lo Lhe display part 31 from the
abnormality determination part 34, and are displayed in the
display part 31.

[0063]

In step S$28, it is detecrmined whether the abnormality
observation step S20 is to be terminated. When it is determined
tnat the abnormality observation step $S20 is not to be terminated
(NO), that is, when Lhe abnormality observation operation Iis
continued, the procedure goces to step S$S21, and then, thc
operations from step S21 are performed again. When it is

determincd that the abnormality observation step S20 is to be
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terminated (YES), the abnormality observation step $20 is
terminated.

[0064]

As described above, in Lhe device and method for observing
the abnormality in the circulating fluidized bed boiler
according to the present embodiment, in step $23, the abnormality
determination part 34 determines the presence or absence of the
operation abnormality of the boiler 2, based on the Mahalanobis
distance of Lhe operation data for the unit space calculated
in step $22. Accordingly, even when the operation abnormality
due to an unknown phenomenon occurs, it is possible to determine
that there is the operation abnormality in the boiler 2 during
operation. Further, the image data of the predetermined imaging
portions 16a to 16e of the boiler 2 is acquired by the camera
28 of the image data acquisition part 22. Further, in step 326,
the operation data synchronization recorder 36 synchronizes and
stores the sensor data having the high contribution degree and
the image data of the imaging portion relating to the sensor
data. Accordingly, it is possible to analyze the cause ol the
operation abnormality based on the sensor data and the image
data. Accordingly, it is possible to reliably specify the cause
of the operation abnormality.

[0065]

Further, in the device and method for observing the

abrnormality in the circulating fluidized bed boiler according
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to the present embodiment, in step S25, the contribution degree
for the Mahalanobis distance is calculated. Accordingly, since
the sensor data including the possibility of being the cause
of the operation abnormality is extracted, i1t is possible to
rapidly specify the cause of the operation abnormality. In
addition, in step 526, since the data recording means
synchronizes and stores the sensor data having the high
contribution degree and the image data of the imaging portion
asscciated with the sensor data, it is possible to analyze the
cause of the operation abnormality based on the sensor data
having the high contribution degree and the image data.
Accordingly, it is possible to reliably and rapidly specify the
cause of the operation abncrmality.

[CO66]

Further, the abnormality observation device 1 of the
circulating fluidized bed boiler according to the present
embodiment includes the display part 31. Accordingly, in a
place where it is determined that there is the operation
abnormality, it is possible to analyze the cause of the operation
abnormality based on the sensor data and the image data.

[0067]

In the above-described embodiments, the examples of the
abnormality observation device 1 and the abnormality
observation method are shown. The abnormality observation

device 1 and the abnormality observation method according to
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Lhe invention arc nol Timited to the above -described embodiment a
and Lhe gbnormality observation devicoe 1 and the abnorma’ily

observationmethod accorading to the abovoe—described embodimonts

may e modifias o wayv be used In othor apelicatlicns In a range
witnhout deparbting [rom ths scope disclosec ‘n ClalTs.

The sensor data may use data other than the temperature

data, the pressure dala and the flow ratae data. For examplc,

a desired zoncentrazicn 9F a materian inciuded in fho exhaust

n

gas, sucrh as an oxygen concentraticn, NO, wonventrailion, CO

concentration, or SO conesntraticon, or oa fuel suapely arcunt
supplied through the fual supply port 3a may be used. Further,
the places wheroe thoe Lemperature sensor 24, the pressure sensor

26, the tlow rate sensor 27, and the camera 78 are disposed may

pe changec to other pl.aces.

“ngustrial Applicanllity

[0069]

According to Lhe abnormality obsorvation device 1 of the
circulating lTuidized bed boiler and the abnormality

observaticon method thereco, 1T I1s possipie Lo relizb y scecily

the cause ol Lhe operaticr acnormality.

Reference Signs Lish

[0070]

(9%}
(g9



2

21
acquisition

5 22

means)

23

24

2%

10 27

28

25

32
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Abnormality observation device

Circulating fluidized bed boiler

Operation data acquisition part (operation data
means)

Image data acquisition part (image data acquisition

Data processing part

Temperature sensor

Pressure sensor

Plow rate sensor

Camera

Input part

Display part (data display means)

Unit space creator (unit space creation means)
Temporary recorder

Abnermality determination part (abnormality

determination means)

36

Operation data synchrenization recorder (data

recording means)

20 100

DZ

Computer

Mahalanobis distance

X; to xx Sensor data

510

520

25 825

Unit space creation process
Abnormality observation process

Cause analysis process
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CLATIMS

1. An abnormality observation device in a circulating
fluidized bed boiler, comprising:

operation data acquisition means for acquiring operation
data formed of sensor data of the circulating fluidized bed
boiler;

abnormality determination means for determining the
presence or absence of an opecration abnormality of the
circulating fluidized bed boiler based on a Mahalanobis distance
of the operation data;

image data acquisition means for acquiring image data of
a predetermined imaging portion of the circulating fluidized
bed bhoiler; and

data recording means for synchronizing and storing the
sensor data and the image data of the imaging portion relating
to the sensor data, when the abnormality determination means

determines that there 1s the operation abnormality.

2. 'The abnormality observation device in a circulating
fluidized bed boiler according to claim 1,

wherein the abnormality determination means calculates,
when it is determined that there is the operation abnormality
in the circulating fluidized bed boiler, a contribution degree

indicating the degree of influence of each piece of sensor data
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on the Mahalanobis distance for each piece of sensor data, and

wherein the data recording means synchronizes and stores
the senser data having a high contribution degree selected based
on the contribution degree among the sensor data and the image
data of the imaging portion associated with the sensor data

having the high contribution degree.

3. The abnormality observation device in a circulating
fluidized bed boiler according to c¢laim 1 or 2, further
comprising:

data display means for displaying the operation data and
the image data in assoclation when the abnormality determination
means determines that there is the operation abnormality in the

circulating fluidized bed boiler.

4. The abnormality observation device in a circulating
fluidized bed boiler according to any one of claims 1 to 3,
further comprising:

unit space creaticn means for creating a unit space based
on the operation data when the circulating fluidized bed boiler

is normally operated.

5. Amethod for cbserving an abnormality in a circulating
fluidized bed boiler, comprising:

an operation data acquisition process of acquiring
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operation data formed of sensor data of the circulating fluidized
bed beoliler;

an abnormality determination process of determining the
presence or absence of an operation abnormality of the
eirculating fluidized bed boiler based on a Mahalanobis distance
of the operation data;

an image data acquisition process of acquiring image data
of a predetermined imaging portion of the circulating fluidized
bed boiler; and

a data recording process for synchronizing and stering the
sensor data and the image data of the imaging porticn relating
to the sensor data, when it is determined that there is the

operation abnormality in the abnormality determination process.
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