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a data collector for obtaining particle size data of the
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tor for obtaining a blast volume predictive value of the

blast furnace from the particle size data; and a blast vol-
ume controller for controlling a hot-blast volume supplied
into the blast furnace according to the blast volume pre-

dictive value.
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Description
[Technical Field]

[0001] An exemplary embodiment of the present in-
vention relates to a device for controlling a blast in a blast
furnace and a method thereof.

[Background Art]

[0002] In a blast furnace, pig iron is manufactured by
reducing natural iron ore by use of a carbon monoxide
produced in reaction of coke that is a fuel and oxygen.
From among various operational factors for indicating an
inner furnace condition of a blast furnace in a blast fur-
nace process (referred to as a condition of a blast furnace
hereinafter), permeability that represents a gas flowing
degree in the furnace is one of very important factors for
determining efficiency and safety of a blast furnace op-
eration.

[0003] The blast furnace operation is performed when
areduction gasrises in the furnace to contactthe charged
iron ore, and the iron ore having received heat according
to a contact with the reduction gas is fused and reduced
into pig iron. During the above-noted process, thermal
energy and the reduction gas needed in fusion and re-
duction of iron ore are supplied by a hot blast supplied
through a lower portion of the furnace, and for the pur-
pose of stabilizing the condition of the blast furnace, it is
very important to appropriately control an amount of the
hot blast input through the lower portion, that is, a blast
volume.

[0004] The blast volume supplied into the furnace is
controlled according to the permeability in the furnace.
Conventionally, as the blast volume supplied into the fur-
nace increases, the volume of pig iron produced in the
blast furnace increases, but there may be a stabilization
drawback when the blast volume increases while the per-
meability in the furnace is not good. Therefore, an oper-
ator decreases the blast volume so as to stabilize the
operation when permeability in the furnace is bad, and
increases the blast volume so as to increase operation
efficiency when the permeability is good.

[0005] Particle sizes and particle size distribution of
raw material (sintered ore, pellets, sized lumps, etc.) fuels
(cokes) charged through an upper portion of the blast
furnace determine porosity of a charging layer, which is
a very important factor for determining permeability at
the upper portion in the furnace.

[0006] In prior art, so as to confirm the particle sizes
and the particle size distribution of the charging material
charged into the blast furnace, a method for the operator
to gather specimens and measure the same three to four
times a day is used. However, the confirmation method
has a limit in understanding in detail a physical descrip-
tion of the charging material because of a lack of data
and a limit of representation of data.

[0007] The above information disclosed in this Back-
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ground section is only for enhancement of understanding
of the background of the invention, and therefore it may
contain information that does not form the prior art that
is already known in this country to a person of ordinary
skill in the art.

[Disclosure]
[Technical Problem]

[0008] The presentinvention has been made in an ef-
fort to provide a device for controlling a blast for confirm-
ing a particle size and a particle size distribution of a
charging material charged into a furnace in real time and
controlling a hot-blast volume supplied therein, and a
method thereof.

[Technical Solution]

[0009] An exemplary embodiment of the present in-
vention provides a device for controlling a blast in a blast
furnace, including: an imaging device for capturing an
image of a charging material charged into the blast fur-
nace; a data collector for obtaining particle size data of
the charging material from the image; a blast volume pre-
dictor for obtaining a blast volume predictive value of the
blast furnace from the particle size data; and a blast vol-
ume controller for controlling a hot-blast volume supplied
into the blast furnace according to the blast volume pre-
dictive value.

[0010] The data collector may obtain the particle size
and the particle size distribution of the charging material
according to an image analysis of the image.

[0011] The device may furtherinclude atleastone sen-
sor for obtaining at least one piece of sensing data for
indicating permeability of the blast furnace, wherein the
blast volume predictor may obtain the blast volume pre-
dictive value by using the particle size data and the at
least one piece of sensing data.

[0012] The atleastone sensor may include: a pressure
sensor for measuring a pressure in the blast furnace; a
temperature sensor for measuring a temperature in the
blast furnace; or a gas sensor for measuring a gas com-
ponent discharged from the blast furnace.

[0013] The device may further include a blast volume
predictive model database for storing a blast volume pre-
dictive model for estimating a blast volume of the blast
furnace, wherein the blast volume predictor obtains the
blast volume predictive value by using the particle size
data and the at least one piece of sensing data as input
data of the blast volume predictive model.

[0014] When the particle size data that are time-series
data and the at least one piece of sensing data are input,
the blast volume predictive model may output the blast
volume predictive value corresponding to the particle size
data and the at least one piece of sensing data.

[0015] The blast volume predictive model may be
based on a neural network algorithm.
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[0016] The blastvolume controller may control the hot-
blast volume by controlling an opened or closed degree
of a blast valve between a hot stove and the blast furnace.
[0017] Another embodiment of the present invention
provides a method for controlling a blast in a blast fur-
nace, including: capturing an image of a charging mate-
rial charged into the blast furnace through a camera; ob-
taining particle size data of the charging material from
the image; obtaining a blast volume predictive value of
the blast furnace from the particle size data; and control-
ling a hot-blast volume supplied into the blast furnace
according to the blast volume predictive value.

[0018] The obtaining of particle size data may include
obtaining a particle size and a particle size distribution
of the charging material according to an image analysis
on the image.

[0019] The method may further include obtaining at
least one piece of sensing data for indicating permeability
of the blast furnace through at least one sensor, wherein
the obtaining of a blast volume predictive value may in-
clude obtaining the blast volume predictive value by using
the particle size data and the atleast one piece of sensing
data.

[0020] The atleast one piece of sensing data may in-
clude a pressure in the blast furnace, a temperature in
the blast furnace, or a gas component discharged from
the blast furnace.

[0021] The obtaining of a blast volume predictive value
may include obtaining the blast volume predictive value
by using the particle size data and the at least one piece
of sensing data as input data of a blast volume predictive
model for estimating a blast volume of the blast furnace.
[0022] The controlling of a hot-blast volume may in-
clude controlling the hot-blast volume by controlling an
opened or closed degree of a blast valve between a hot
stove and the blast furnace.

[Advantageous Effects]

[0023] According to the exemplary embodiment of the
presentinvention, the change of the condition of the blast
furnace may be minimized, the blast furnace operation
may be stabilized, and efficiency may be increased by
confirming the particle size and the particle size distribu-
tion of the charging material charged into the furnace and
accordingly controlling the blast volume.

[Description of the Drawings]
[0024]

FIG. 1 shows an example of blast furnace equip-
ment.

FIG. 2 shows a device for controlling a blastin a blast
furnace according to an exemplary embodiment of
the present invention.

FIG. 3 shows a method for controlling a blast in a
blast furnace according to an exemplary embodi-
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ment of the present invention.
[Mode for Invention]

[0025] The present invention will be described more
fully hereinafter with reference to the accompanying
drawings, in which exemplary embodiments of the inven-
tion are shown. As those skilled in the art would realize,
the described embodiments may be modified in various
different ways, all without departing from the spirit or
scope of the present invention.

[0026] The drawings and description are to be regard-
ed as illustrative in nature and not restrictive, and like
reference numerals designate like elements throughout
the specification.

[0027] Throughout this specification and the claims
that follow, when it is described that an element is "cou-
pled" to another element, the element may be "directly
coupled" to the other element or "electrically coupled" to
the other element through a third element.

[0028] A device for controlling a blast in a blast furnace
and a method thereof will now be described with refer-
ence to accompanying drawings.

[0029] FIG. 1showsanexample of blastfurnace equip-
ment.
[0030] The blast furnace equipment is for generating

pig iron in a steel process.

[0031] Referring to FIG. 1, the blast furnace 10 is a
furnace into which an iron ore that is a raw material is
charged and is fused and reduced to pig iron.

[0032] A burden hopper 11 for storing a raw material
or fuel charged through a charging conveyor belt 5 is
positioned at an upper portion of the blast furnace 10.
The raw material or the fuel stored in the burden hopper
11 is charged into the blast furnace 10 according to a
burden charging process.

[0033] A blast port 12 for inputting a hot blast supplied
by a hot stove 20 into the blast furnace 10 is positioned
on a lower portion of the blast furnace 10. An inflow
amount of the hot blast supplied by the hot stove 20 into
the blast furnace 10 (referred to as a blast volume here-
inafter) is controlled according to an opened or closed
degree of the blast valve 21.

[0034] Thefuel(e.g.,cokes)inputinto the blastfurnace
10 is combusted in reaction with oxygen to generate high-
temperature gas (referred to as reduction gas hereinaf-
ter). The reduction gas rises in the furnace to contact the
iron ore charged into the blast furnace 10. The iron ore
having received heat according to the contact with the
high-temperature reduction gas in the furnace is fused
and reduced into pig iron.

[0035] The pig iron fused and reduced in the blast fur-
nace 10 is stored at a lower portion of the furnace, and
itis then discharged to the outside of the furnace through
a tap hole at regular intervals.

[0036] FIG. 2 shows a device for controlling blast in a
blast furnace according to an exemplary embodiment of
the present invention.
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[0037] Referring to FIG. 2, the device 100 for control-
ling a blast according to an exemplary embodiment of
the presentinvention mayinclude animaging device 110,
a sensor unit 120, a data collector 130, a permeability
parameter storage unit 140, alearner 150, a blast volume
predictive model database 160, a blast volume predictor
170, a blast volume controller 180, and a display 190.
[0038] The imaging device 110 may be installed on a
charging conveyor belt 5, and may photograph the raw
material (sintered ore, pellets, sized lumps, etc.) or the
fuel (coke, etc.) charged into the blast furnace 10 by use
ofthe charging conveyor belt5. The image photographed
by the imaging device 110 is used to obtain particle size
data (particle sizes and particle size distribution) of the
charging material (fuel or raw material). Therefore, a
high-quality camera may be used as the imaging device
110 so as to enable obtainment of the particle size and
the particle size distribution of the charging material from
the image on the charging material.

[0039] The sensor unit 120 may include at least one
sensor for measuring factors (e.g., a pressure, a temper-
ature, an exhaust gas component, etc.) for determining
permeability inside the blast furnace 10.

[0040] The sensor unit 120 may include a temperature
sensor 121 for measuring a temperature inside the blast
furnace 10. The temperature sensor 121 may be at-
tached to the inside of the blast furnace 10, and it may
also be positioned outside the blast furnace 10 to meas-
ure the temperature when the pig iron discharged from
the blast furnace 10 is tapped. In the latter case, the tem-
perature inside the blast furnace 10 may be estimated
from the temperature of the pig iron.

[0041] The sensor unit 120 may include a pressure
sensor 122 for measuring the pressure inside the blast
furnace 10.

[0042] Thesensorunit120 may alsoinclude agas sen-
sor 123 for detecting a component of an exhaust gas
(blast furnace gas) discharged by the blast furnace 10.
[0043] The data collector 130 may obtain particle size
data (particle sizes and particle size distribution) on the
charging material charged to the blastfurnace 10 through
the charging conveyor belt 5 according toreal-time image
analysis of the image of the charging material obtained
by the imaging device 110. Further, the data collector
130 may obtain sensing data (a temperature, a pressure,
an exhaustgas component, etc.) measured by the sensor
unit 120 as a permeability parameter. The permeability
parameters (particle size data and sensing data) ob-
tained in this way may be stored in the permeability pa-
rameter storage unit 140 as time-series data. They may
also be displayed on a blast furnace operating screen
through the display 190 so that an operator may confirm
a situation in the blast furnace 10 in real time.

[0044] The learner 150 may learn the permeability pa-
rameter (particle size data, sensing data) collected by
the data collector 130 as learning data for a predeter-
mined time, and may generate a neural-network-algo-
rithm-based blast volume predictive model. The learner
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150 may make a neural network learn by using collected
permeability parameters and blast volume control values
proposed by an expert as neural network algorithm learn-
ing data, and may produce a blast volume predictive mod-
el for predicting the blast volume based on present per-
meability parameters from learning results. Here, the
neural network algorithm used in the learning may be
configured with a neural network with a plurality of layers.
The blast volume predictive model produced by the learn-
er 150 is stored in the blast volume predictive model da-
tabase 160 and is used for the blast volume predictor
170 to predict the blast volume.

[0045] The blast volume predictor 170 may estimate
the blast volume of a charging layer inside the blast fur-
nace 10 from the permeability parameters that are time-
series data by using a neural-network-algorithm-based
blast volume predictive model. The blast volume predic-
tor 170 may input the permeability parameters collected
by the data collector 130 as time-series input data of the
blast volume predictive model, and may obtain an output
value of the blast volume predictive model as a corre-
sponding blast volume predictive value.

[0046] The blast volume controller 180 may determine
an amount of the hot blast, that is, the blast volume, sup-
plied into the blast furnace 10 based on the blast volume
predictive value output by the blast volume predictor 170,
and may control an opened or closed degree of the blast
valve 21, thereby controlling the blast volume input into
the blast furnace 10.

[0047] Regarding the above-configured blast control
device 100, functions of the data collector 130, the learner
150, the blast volume predictor 170, and the blast volume
controller 180 may be performed by a processor realized
with at least one central processing unit (CPU), other
chipsets, or a microprocessor.

[0048] FIG. 3 shows a method for controlling a blast in
a blast furnace according to an exemplary embodiment
of the present invention.

[0049] Referring to FIG. 3, the device 100 for control-
ling a blast according to an exemplary embodiment of
the presentinvention photographs the charging conveyor
belt 5 by using the imaging device 110 to thus capture
an image of the charging material (a raw material or fuel)
moved to the blast furnace 10 (S100). Particle size data
on the charging material are obtained by image analysis
of the obtained charging material image (S110).

[0050] The device 100 for controlling a blast obtains
sensing data indicating permeability inside the blast fur-
nace 10 through at least one of sensors 121, 122, and
123 (S120).

[0051] The particle size data and the sensing data ob-
tained through the step S110 and the step S120 are
stored in the permeability parameter storage unit 140 as
permeability parameters.

[0052] The device 100 for controlling a blast continu-
ously obtains the permeability parameters through the
step S110 and the step S120, and uses the same as
time-series input data of the neural network algorithm
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based blast volume predictive model to obtain the pre-
dictive value of the blast volume in the blast furnace 10
(8130). The device 100 for controlling a blast controls
the blast volume supplied into the blast furnace 10 by
controlling the opened or closed degree of the blast valve
21 based on the obtained blast volume predictive value
(S140).

[0053] Accordingto the above-described example, the
device 100 for controlling a blast supports confirmation
of the particle size and the particle size distribution of the
charging material charged into the blast furnace 10 in
real time. The device 100 for controlling a blast supports
automatic control of the blast volume according to the
condition of the blast furnace by providing a predictive
model for predicting the blast volume according to the
present condition of the blast furnace through learning.
Therefore, the device 100 for controlling a blast may con-
trol the blast volume in real-time reaction to the condition
of the blast furnace, thereby minimizing changes of the
condition of the blast furnace and resultantly stabilizing
an operation of the blast furnace and increasing efficien-
cy.

[0054] The method for controlling a blast according to
an exemplary embodiment of the present invention may
be performed by using software. When performed
through software, configurational tools for the present
invention are code segments for performing necessary
tasks. The program or the code segments may be stored
in a computer-readable recording medium.

[0055] Computer-readable recording media include all
types of recording apparatuses in which data readable
by a computer system are stored. Examples of the com-
puter-readable recording devices include a ROM, aRAM,
a CD-ROM, a DVD_ROM, a DVD_RAM, a magnetic
tape, a floppy disk, a hard disk drive, and an optical data
storage device. Further, the computer-readable record-
ing media may be distributed to a computer device con-
nected by a network, and computer-readable codes may
be stored and performed in a distributed fashion.
[0056] The accompanying drawings and the exempla-
ry embodiments of the present invention are only exam-
ples of the present invention, and are used to describe
the present invention but do not limit the scope of the
present invention as defined by the following claims.
Therefore, those having ordinary skill in the art will ap-
preciate that various modifications or changes and other
equivalent embodiments are possible from the exempla-
ry embodiments. Further, a person of ordinary skill in the
art can omit some of the constituent elements described
in the specification without deterioration of performance,
or can add constituent elements for better performance.
In addition, a person of ordinary skill in the art can change
the specifications depending on the process conditions
or equipment. Hence, the range of the present invention
is to be determined by the claims and equivalents.
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<Description of Symbols>

[0057]

5: charging conveyor belt

10: blast furnace

20: hot stove

21: blast valve

100:  blast control device

110:  imaging device

120:  sensor unit

121:  temperature sensor

122:  pressure sensor

123:  gas sensor

130:  data collector

140:  permeability parameter storage unit
150:  learner

160:  blast volume predictive model database
170:  blast volume predictor

180:  blast volume controller

190: display

Claims

1. A device for controlling a blast in a blast furnace,
comprising:

an imaging device for capturing an image of a
charging material charged into the blast furnace;
a data collector for obtaining particle size data
of the charging material from the image;

a blast volume predictor for obtaining a blast vol-
ume predictive value of the blast furnace from
the particle size data; and

a blast volume controller for controlling a hot-
blast volume supplied into the blast furnace ac-
cording to the blast volume predictive value.

2. The device according to claim 1, wherein
the data collector obtains the particle size and the
particle size distribution of the charging material ac-
cording to an image analysis of the image.

3. The device according to claim 1, further comprising
at least one sensor for obtaining at least one piece
of sensing data for indicating permeability of the blast
furnace,
wherein the blast volume predictor obtains the blast
volume predictive value by using the particle size
data and the at least one piece of sensing data.

4. The device according to claim 3, wherein
the at least one sensor includes:

a pressure sensor for measuring a pressure in
the blast furnace;
a temperature sensor for measuring a temper-
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ature in the blast furnace; or
a gas sensor for measuring a gas component
discharged from the blast furnace.

The device according to claim 3, further comprising
a blast volume predictive model database for storing
a blast volume predictive model for estimating a blast
volume of the blast furnace,

wherein the blast volume predictor obtains the blast
volume predictive value by using the particle size
data and the at least one piece of sensing data as
input data of the blast volume predictive model.

The device according to claim 5, wherein

when the particle size data that are time-series data
and the at least one piece of sensing data are input,
the blast volume predictive model outputs the blast
volume predictive value corresponding to the particle
size data and the at least one piece of sensing data.

The device according to claim 6, wherein
the blast volume predictive model is based on a neu-
ral network algorithm.

The device according to claim 1, wherein

the blast volume controller controls the hot-blast vol-
ume by controlling an opened or closed degree of a
blast valve between a hot stove and the blast fur-
nace.

A method for controlling a blast in a blast furnace,
comprising:

capturing an image of a charging material
charged into the blast furnace through a camera;
obtaining particle size data of the charging ma-
terial from the image;

obtaining a blast volume predictive value of the
blast furnace from the particle size data; and
controlling a hot-blast volume supplied into the
blast furnace according to the blast volume pre-
dictive value.

The method according to claim 9, wherein

the obtaining of particle size data includes
obtaining a particle size and a particle size distribu-
tion of the charging material according to an image
analysis on the image.

The method according to claim 9, further comprising
obtaining at least one piece of sensing data for indi-
cating permeability of the blast furnace through at
least one sensor,

wherein the obtaining of a blast volume predictive
value includes

obtaining the blast volume predictive value by using
the particle size data and the at least one piece of
sensing data.
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12.

13.

14.

15.

16.

The method according to claim 11, wherein

the atleast one piece of sensing data include a pres-
sure in the blast furnace, a temperature in the blast
furnace, or a gas component discharged from the
blast furnace.

The method according to claim 11, wherein

the obtaining of a blast volume predictive value in-
cludes

obtaining the blast volume predictive value by using
the particle size data and the at least one piece of
sensing data as input data of a blast volume predic-
tive model for estimating a blast volume of the blast
furnace.

The method according to claim 13, wherein

when the particle size data that are time-series data
and the at least one piece of sensing data are input,
the blast volume predictive model outputs the blast
volume predictive value corresponding to the particle
size data and the at least one piece of sensing data.

The method according to claim 14, wherein
the blast volume predictive model is based on a neu-
ral network algorithm.

The method according to claim 9, wherein

the controlling of a hot-blast volume includes
controlling the hot-blast volume by controlling an
opened or closed degree of a blast valve between a
hot stove and the blast furnace.
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