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The method of the industrial processes efficiency increasing based on the multilayered approach
to the control task solution is proposed in the article. According to this approach the existing tech-
nology regulations of estimation process conducting in terms of the true accuracy of operating para-
meters holding is used as the regulatory constraint defining their acceptable region. Within the field
specified the process of the controlled operating parameters values optimization according to the cur-
rent data about operation is implemented. The optimization process is based on multidimensional
simplex method usage and orthogonal planning of problem solving in combination with the method
of effective domain elliptic approximation. The example of using the proposed method for the blast-
furnace process efficiency increasing is given.
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Introduction

The majority of papers on industrial processes control automation nowadays are concerned with
solving of the basic task of automation which consists of the following subtasks: 1) automatic control
system construction on the lower level, 2) construction of the automatic processes monitoring system on
the upper level. It results from the fact that the problems of industrial processes automated control in
general are much more difficult and more important in comparison with problems of local automation
and monitoring. The technique of industrial processes basic automation is well developed in terms of
both hardware and software nowadays. However, the greatest economic benefit can be achieved in case
of the industrial processes control automation by the criteria of technical and economic efficiency [1-3].

The main difficulties impeding achievement of high rates of the industrial processes technical and
economic efficiency are:

1) partial processes’ observability and controllability;

2) necessity to regulate the processes in extreme boundary conditions;

3) incomplete information on the processes current states owing to their complexity.

To overcome the difficulties specified the advanced methodology of the model predictive control is
developing now. The specific feature of this method is that to provide processes’ observability and con-
trollability the applicable mathematical models are used. These models are constantly updated being on-
line with the object controlled on the bases of the procedures of their continuous parameters identifica-
tion by the current actual data. Thus on each stage of control, the problem of the control actions optimi-
zation according to technical and economic indicators is solved. Calculated optimal control actions are
fed to the object inputs, monitoring of the results obtained and correction of the model are carried out
according to the actual data obtained.

Taking into account all mentioned above, it is quite urgent to develop the model predictive auto-
mated control systems of the industrial processes [4—15].

Vital issue of the model predictive control application is the combination of the existing technolo-
gies of processes control determined by process regulations and new methods of data mining.

It is the problem of combination of the existing processes control technology which is based on
the fundamental scientific and practical knowledge providing certain reliability and the control task so-
lution validity with the information available in the current data of process control. The process regula-
tions determine the acceptable decisions concerning the process control whereas the current information
about it allows making the step forward in the process efficiency within the process regulations. Solution
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of this task seems to be possible by using the multilayered approach to the control decisions making.
We can mention the papers devoted to the fuzzy neural networks using for arc steel-making furnaces [16]
as an example of such approach application.

In this paper the method of industrial processes efficiency increasing based on the multilayered ap-
proach to the control task solution is offered. Thus the existing process regulation is estimated in terms
of the real accuracy of the operational parameters holding and used as the regulatory restriction determin-
ing the acceptable region. Within the specified region the optimization process of the operated standard
parameters values according to the current data of operation is implemented. Optimization process is
based on the multidimensional simplex method and orthogonal planning of decision making in combina-
tion with the elliptic approximation of effective domain method.

1. The structure of the model predictive control system
Generalized structure of the model predictive control system is given in Fig. 1.
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In Fig. 1 u; — the controlled parameters of industrial process (IP);
7, — measured uncontrollable IP factors;

w;, — not measured perturbing IP factors;

qx — IP efficiency index;

{1, if the industrial process meets the efficiency index specified;
i =

0, otherwise.

y: — measured output parameters of IP;

X, — state vector of blast-furnace process on the basis of which the satisfactory forecast of its charac-
teristics is provided,

p« — the measured IP parameters used for its state vector estimation;

{(u,x,2,y,p,q): k=1 ... k—1} —previous statistics of the IP parameters.

Mod; — the IP model representations corresponding to i standard technological instructions which
provide an assessment of its state vector values;

MPC —model predictive control calculation program;

k — index of the current industrial process.
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2. Optimal control formation concept

According to the modern theory of optimal linear control the command vector is determined by
the ratio:

u= Kupt'xa (1)
where K,,, — matrix of optimal coefficients of state and control relations; u — command vector; x — con-
trolled process state vector.

In case of blast-furnace process the state vector is a set of all information available on blast-furnace
process before and in the course of blast-furnace smelting which is measured or calculated by known
technological formulas and on which basis it is possible to forecast the finite values of blast-furnace
smelting parameters well.

If there are no perturbing factors, the dependence (1) has the determined form (Fig. 2).

As industrial process is characterized by the presence of not measured perturbing factors, in this pa-
per dependence (1) is presented in the form of the generalized elliptic area (Fig. 3). It is possible to call
this area paraelliptic one, as an acronym from parallelepiped + ellipsoid.
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On the basis of these paraelliptic areas in operating parameters values space subdomains of the in-
creased quality i.e. effective clusters will be defined further.

3. Effective implementation of blast-furnace processes finding

in admissible domain as an example

We will consider an example of the offered approach application to the blast-furnace process con-
trol. This approach to the blast-furnace process efficiency increasing features the using of actual opera-
tion data in addition to the existing techniques of process parameters technological calculation.

We will illustrate productivity of the approach by the example. Assume that the control factors of
blast-furnace process are chosen on the basis of theoretical flame temperature calculation. Formula of
theoretical flame temperature calculation:

T,y=2405 + 0,75(T, — 1200) — 5,4W + 43(O, — 21) — 520,,,,
where Tj, — blast temperature, °C; W — blast moisture, g-m°; O, — oxygen content in blasting, %;

0, — natural gas volume flow, %. Blast moisture, W — is determined by the formula: W = ¢, + 1000G ,

b
where @, — natural seasonal blast moisture, g-m; G — the mass flow rate of steam for blast moistening,
kg-minﬁl; 0O, — blast volume flow, m’min".

4. The procedure of blast-furnace process step-by-step adjustment for the effective modes
For the blast-furnace process to work in the effective modes area, the following procedure of con-
trol factors x adjustment is offered in this paper.
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To start adjustment it is necessary to have at least three implementation of the blast-furnace process
control factors represented by vector values of the control factors xi, X, X.
In vector space these values can be connected by straight lines which analytical forms correspond to
the following ratios:
(1-a)x, +ox,,
(1-P)x, +Px;,
(A =7)x; + 7%,
o.B,ye[0,1].
Then the performance criterion of process implementation on the basis of linear convolution of two

indicators of productivity and coke loading size is defined. For this purpose these indicators are norma-
lized

)

b P C
PdV Cav

where p — relative cast iron production; k — relative coke rate; P,, — average productivity; C,,— average
coke rate; P — current productivity; C — current coke rate.
Performance criterion:

E=Mp+hok™, Ak, 20, A +h,=1. 3)
where A;,A, — the weight of indicators » and x respectively as a part of criterion (3), reflecting impor-

tance of taking into account productivity and coke saving as a part of the general performance criterion.

For vectors Xx;, X,, X3 on the basis of the performance criterion (3) we will get £, E,, E5 characteris-
tics respectively.

Assume that value of E, is less than values of £, E5. In this case vector X, is considered to be inef-
ficient and is out of consideration.

For vectors x,, x3; we will calculate a mean vector which is between these two vectors
X, =0,5x, +0,5x;.

The assessment of x, perspective value of a parameters vector x is done by x, =—x; +2x,,.

In Fig. 4 the illustration of perspective x, value assessment is given.
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The perspective vector is implemented as the recommended value of the control factors x vector.
In order that process of search is carried out in n-dimensional space, the search of a perspective vector is
performed on the basis of orthogonal planning of decision-making. Due to this implementation we see
true values of P,, C, characteristics.

The procedure of the next perspective xs value calculation can be applied iteratively to the set of
three vectors x,, X3, X4 and calculation process will be continued in cycles.

Calculation proceeds until there is a growth of a process performance factor. The performance fac-
tor goes in cycles at some stage of the process. In this case in a random way in the space of parameters
around the solution found vectors of the control parameters x values are generated until two vectors with
the best values of performance factor are received and adjustment process is repeated iteratively. The il-
lustration of this process based on actual data is given in Fig. 5.

This technique is implemented in the form of the appropriate program in ACS PolyTER and fo-
cused on using in such automated systems as “master adviser”.
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Fig. 5. Step-by-step blast-furnace process parameters adjustment

Table 1
Date Production of cast iron | Skip coke consumption | Performance criterion
in nominal per day (fr. + 40) E
Starting point of
search 4742,960 497,683 0,9502
30.06.2015
Effective point 5270,020 437,869 1,067
23.02.2015 ’ ’ ’
Table 2
Date Production of cast iron | Skip coke consumption | Performance criterion
in nominal per day (fr. + 40) E
Indicators changing, % 11,112 -12,019 12,286

The step-by-step adjustment of the blast furnace process to an effective mode resulted in the 12 %
increase of calculated performance criterion, while the rate of cast iron production increased 11 %, along
with the 12 % coke consumption reduction (Tables 1, 2).

5. Decision making on the basis of an effective cluster

Process of the efficiency index improvement eventually comes to the parameters local domain
where the algorithm goes in cycles and by that we obtain the effective cluster domain with the increased
quality of process.

The main point of the procedure under consideration is the effective modes domains determination.
The effective modes domain is distinguished in space of operating parameters by the quality indicators
set. As industrial process control has a dynamic nature, the domain distinguished has to be stable.
It means that time has to be one of the operating parameters space coordinates, and the space should be
a generalized function space. Elements of this space are the operating parameters implementation during
the time. Thus tracing time-base deflection of parameters’ evolution is used to estimate their stable be-
longing to the effective modes domain during the time. It is the implementation of operating parameters
stable in efficiency that is included in the domain of the functional space effective modes.

According to the methodology of model predictive control the domain of the functional space effec-
tive modes represents the model of the industrial process modes evolution.
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Besides, the choice of the effective solution is made for the first step of effective domain evolution
as, according to the mentioned above, the subsequent steps will obviously belong to the effective solu-
tions domain.

The effective solution choice is made for each cluster of the increased quality. We will choose
the decision with the minimum probability of the inefficient decision making out of the obtained solution
set. Generally from the point of view of control process dynamics such approach leads to the making
of control decisions with variable structure.

In Fig. 6 the representation of effective values domain of the blast furnace No. 10 of JSC MMK
operating parameters is presented as an example. To distinguish the effective solution domain we used
such criteria as performance and stability index of the blast-furnace process.
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Fig. 6. Sample description of the effective values domain
of the blast furnace operating parameters

The considered method allows determining the steady-state modes of industrial processes, effective
in terms of productivity and resources consumption.

Conclusion

Introduction of multilayered approach to the model predictive control is an essential problem of
the industrial process automation determined first of all by the high efficiency needs now. The existing
level of industrial processes automation is focused on indicators values obtaining which range is in
the admissible limits determined by process regulations. The next step forward is in providing the in-
creased indicators of efficiency and quality values within the existing process regulations. It can be
achieved by using the integrated approach to the blast-furnace process control on the basis of more accu-
rate models application reflecting its dynamics from different sides; the current binding of the model
parameters in real time mode to the exact process controlled; uses of modern methods of datamining for
the effective control decisions making.

The process of optimization is based on the using of multidimensional simplex method and ortho-
gonal planning of decision making in combination with method of paraelliptic approximation of effec-
tive domain.

This technique is implemented in the form of the appropriate program and intended for using in
the “master adviser” automated systems.
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MHOIOCITOWHbIA NOAX0o4 K MOOENbHO-YNPEXOAIOLLEMY
YNPABJIEHUKO TEXHOJIOTMYECKMAM NPOLIECCOM

J1.C. KazapuHoes, [].A. llIHatidep, T.A. Bapb6acoea
FOxHo-Ypanbckuli 2ocydapcmeeHHbil yHusepcumem, 2. HensbuHck

[peanoxeH METOA MOBBINICHUST YPPEKTUBHOCTH TEXHOJIOTUYECKUX TMPOIECCOB, OCHOBAHHBIH
Ha MHOTOCJIOMHOM MOJXOJI¢ K PEUICHUIO 3a7a4yd yIpaBlieHHs. B COOTBETCTBUHU C MpPEAIOKEHHBIM
MOJIXOIOM CYIISCTBYIOIINN TEXHOJIOTHYCCKUN PErJIaMEHT BEICHHS MPOIEcCa OICHUBACTCS C TOUKH
3pEHHsI PEAbHOM TOYHOCTH yACP)KaHHS PESKUMHBIX ApaMETPOB M MCIIOJIB3YETCs KaK HOPMATHBHOE
OrpaHHYEHHUE, oIpeAessiomee 001acTh UX JOIMyCTUMBIX 3HaueHHH. B pamkax ykazaHHOH oOiacTé
peanu3yeTcsi MpoIecC ONTUMHU3ANN 3HAYCHUH YIPABISIEMbIX PSKAMHBIX ApaMETPOB IO TEKYIIUM
JAHHBIM 3KCIUTyaTanud. IIporecc ONTUMH3AMA OCHOBAaH HA HMCIIOJH30BAHHUA MHOTOMEPHOIO CHM-
IUIEKC-METO/1a ¥ OPTOTOHAIBHOIO IJIAHUPOBAHKS MIOUCKA PEIICHHS B COUCTAHUU C METOIOM DJUIUII-
THYECKOH anmpokcumanuu 3QdektuBHoit obmaactu. [IpuBOIUTCS TpUMEP HCIOIB30BAHUS MPEAIIO-
JKEHHOT'O MMOJIX0/1a JITS 33/[a4H MOBBIIICHUS 3P PEKTUBHOCTH IOMEHHOTO TpOoIecca.

Kniouesvie cnosa: domennwiil npoyecc, MHO20CAOUHBIN NOOX00, MemoO IUNMUYECKOl an-
NPOKCUMAYUL, MOOCTbHO-YIPedNcOaouee YnpasieHue.
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