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efficiency and quality of carried out works, provided 
necessary accuracy, interchangeability and reliability. 
Research of  «new technology», in conjunction with 
the integrated systems and laser means of measure-
ment allows to raise considerably competitiveness 
of the integrated adaptive through system of stamps 
manufacture. 

    References
1.   Patent “Method of integrated through prepara-

tion of manufacturing and producing of stamp 
pieces”, No 48027 dated 10.03.2010 Bulletin 
No 5. Kvasnikov V. P., Kolomiets L. V., Klesh-
hev G. M., Kiev, 2010.

2.   Kleschev V.P. Adaptive through computer tech-
nology of control of manufacturing and pro-
duction of stamp pieces on the base of stamps- 
semifinished items. Under the editorship of 
Kolomiets L.V., Odessa, 2010, 283 p.

3.  Kleschev G.M. Investigation of “new technol-
ogy” of manufacturing of stamp pieces on the 
base of usage of  lazer measuring devices. Col-
lection of scientific papers of Odesa state acad-
emy of the technical adjusting and quality. No 
1(6), 2015, p.p. 125-129.

Vladimir Morkun

Vice-Rector for research, Doctor of Science, Professor,
 Professor of Computer Science, Automation and Control 

Systems department, 
Kryvyi Rih National University, Ukraine

Natalia Morkun

PhD, Associate professor of Economic Cybernetics and 
Project Management Department, 

Kryvyi Rih National University, Ukraine

Vitaliy Tron

PhD, Associate professor of Computer Science, Automation 
and Control Systems department, 

Kryvyi Rih National University, Ukraine

Distributed control of ore beneficiation interrelated processes under 
parametric uncertainty



19Metallurgical and Mining IndustryNo. 8 — 2015

Automatization
Abstract 
A method of distributed control forming of ore beneficiation interrelated processes under parametric 
uncertainty using robust control techniques is proposed.
Key words: distributed and robust control, ore dressing

Problems of technological processes control syn-
thesis of iron ore raw material beneficiation as the 
complex objects with a large number of parameters 
and disturbing influences are discussed in a signifi-
cant number of works. 

In particular, in papers [1-4] there noted that under 
parametric uncertainty and considerable spatial ex-
tent of ore beneficiation technological lines, the con-
trol effectiveness is greatly reduced.

It should be noted that a significant impact on the 
results of the beneficiation process have the charac-
teristics of individual mineralogical and technologi-
cal ore varieties and their relationship in the factory 
process flows [5-9].

The changes in these characteristics, along with 
the wear of technological units mechanisms, leads to 
the drift of control objects parameters. Under these 
conditions, during the control formation of ore-dress-
ing plant technological lines it is advisable to use the 
methods of distributed and robust control [1-2]. 

Thus, ore beneficiation technological line as the 
control object must be represented as a system with 
concentrated inputs and output distributed in time and 
space. In this case, the concentrated system inputs are 
the effects on the individual technological units, the 
most common of which is the regulation of the ore - 
water ratio.

The distributed output is the distribution function 
of the mineral content by ore material size classes 
in technological units and conveyor lines, which are 
linking them.

In accordance with the formulation proposed in 
[1], the problem of distributed control of iron ore ben-
eficiation technological line is the following. It is nec-
essary to form a specific sequence of control actions 
( )kQ , which set the ratio of ore and water for local 

technological units. Thus, it is necessary to provide a 
minimum deviation of the iron content in size classes 
( )kx,β  from a given value ( )∞,* xβ

( ) ( ) ( )kxxkx ,,, * ββε −∞= , 		  (1)

which will have a minimum value ( )∞,min xε  un-
der the quadratic norm

( ) ( ) ( )kxxx ,,min, *
min ββε −∞=∞ 	 (2)

At the initial stage, it is necessary to obtain the 
problem solution of approximation in the block of 
spatial control synthesis. During the beneficiation 
technological line control, this problem, will take the 
following form according to [1]

	 (3)

where ( ){ }ii xR ∞Η ,  – are the steady values of 
given transfer characteristics of beneficiation units; 

( ){ }iii x ∞,*β  – are the approximation parameters. 
The resulting vector of optimal approximation 

( ){ }iii x ∞,*β


 is supplied to the input of the temporal 
synthesis, which consists of a single-channel control 
circuits with concentrated parameters. A typical cir-
cuit comprises a control object with zero-order pre-
dictor and controller with concentrated parameters 
(Fig. 1).

Figure 1. Single-circuit control system of ore beneficia-
tion line local technological unit

In control problems solving the beneficiation tech-
nological line units, in the most general case, exclud-
ing net delay are present in the form of differential 
equations of the first and second orders [10]

.	 (2)

The nonstationarity characteristics of iron ore raw 
materials and technological units mechanisms wear in 
the process of their work should be taken into account 
in the model. For this, let’s assume that the values of 
its parameters μ, θ, κ can deviate from the nominal 
values µ , θ , κ  on certain values ‑1≤δμ,δθ,δκ≤1. Con-
sidering the parameters uncertainty μ, θ, κ it is advisa-
ble to present them in the form of two blocks obtained 
using linear fractional transformation and connecting 
to the top of the respective blocks δμ, δθ, δκ [2, 11]. As 
a result, the output signals of the parameters blocks
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with model uncertainty of local technological units of 
iron ore beneficiation line can be written as [2]
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where µµµ δ yQ = , θθθ δ yQ = , κκκ δ yQ = . 

In general, the model of local technological units 
of beneficiation line with uncertain parameters can be 
written as [2, 11]

,		  (4)

where Δ(μθκ) – is the diagonal matrix of uncertain-
ties (δμ, δθ, δκ).

To minimize the error energy for the most unfa-
vorable value of the input disturbance it is advisable 
to use H∞- norm as an optimality criterion. The cal-
culation of H∞-norm is performed on the basis of the 
matrix in the state space [11].

.			   (5)

Problem solution of formation of local concentrat-
ing units control, was carried out by the synthesis of 
the controller transfer function, which minimizes the 
function [11, 12]

[ ] ,32111
Τ

∆
= TWRWSWT uy 		  (6)

where W1(s), W2(s) and W3(s) – are the weighting 
functions depending on the frequency; S – is the sen-
sitivity function; T – is the supplementary sensitivity 
function; R – is the control sensitivity function. The 
above functions are defined from the corresponding 
expressions [11]

                                           .		  (7)

           

( )( ) ( )( ) ( )( ) ( )( ) ( )( ) ( )( ),;; 1
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(8)

Choosing of weighting functions was carried out 
in accordance with the recommendations outlined in 
[13]. 

Thus, the values of sensitivity functions must sat-
isfy the following conditions

where γ – is the positive number.
Thus, as shown in [1], the parametric synthesis

                                      
( ) ( ) ( )( ){ } ∞→=−∞=

∞→∞→
kkxxkx

ki
iikik

,0,,lim,lim
,

*
min ββε


.		              (9)

regulators is advisable to carry out in compliance 
with the following condition.

The simulation results of distributed control of ore beneficiation technological line are presented in Fig. 2.

Figure 2. Dynamics of concentrated control signals and distributed output 
variable: а – beneficiation units control signals; b – distributed characteristics of 

the iron content in the ore
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Thus, the considered control laws allow forming 

such control signals sequences for individual benefi-
ciation units, which provide a minimum control error 
of the entire technological line under parametric un-
certainty.
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