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Absract : The article is devoted to the study of the possibility of using a combined method of tuning typical regulators to 

control multivariate multilink dynamic objects with several controlled and controlling parameters. The designed combined 

regulator, built on the basis of the joint use of two methods of setting the parameters of the regulator, based on ensuring the 

autonomy of control channels, and taking into account the effects of cross channels in static, has the properties of structural 

stability and rudeness to errors of the model of the control object. Invention proposes automated method of finding optimal 

parameters of regulators for multivariate multilink objects with lag property and high inertia. The disclosed method enables 

real-time operational control of multidimensional dynamic objects. The developed combined method of tuning 

multidimensional standard regulators makes it possible to calculate the parameters of regulators, taking into account the 

limitations of control influences and a number of engineering requirements for transients. 
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INTRODUCTION. One of the primary tasks of modern technologies is to maintain the main indicators of 

technological processes (TP) at the optimal level. The solution to this problem is due to some difficulties caused 

by various disturbing factors, which lead to a significant increase in energy consumption, underperformance and 

product quality [1 - 5]. 

One of the ways to solve the set task of indicators is to create a system for automatic and automated 

control of the intensity of material and energy flows, as well as the mode parameters of TP, which allow 

ensuring the stability of quality indicators. For example, for drying raw cotton, it is important to maintain an 

optimal temperature profile along the length of the drum, affecting the flow rates of cotton, fuel supplied to the 

air furnace, as well as the rotation speed of the drum [2, 11, 16].  

The difficulty of solving this problem lies in the fact that each control effect in different degrees and 

with different dynamics affects all stabilized TP variables. The article proposes a fairly simple implementation 

and at the same time a universal automatic method of solving the problem of stabilization of multidimensional 

TP using standard regulators [2, 6, 8, 15]. 

In typical circuits of controlled TP including a control object, under the influence of both a number of 

control signals and a number of uncontrolled disturbances output, each control input influences each controlled 

output to be stabilized at a predetermined level, i.e. autonomous control of communication channels is provided. 

Due to the complexity of the mathematical description of the dynamics of multi-link control and the 

difficulties in developing methods for forming controlled inputs, they are most often limited to the development 

of unrelated single-circuit automatic systems for stabilizing input control actions. 

An important promising task, which will be discussed in the future, is to move from automatic control 

of individual TP fragments to automatic control of the TP as a whole, including the generation of tasks by the 

control system with an autonomous control loop. These tasks should be changed in such a way that the TP 

output indicators are as close as possible to the economically optimal mode values [4]. 

The works [1, 5, 12, 15] stated that modern control methods are poorly adapted to solve practical 

problems, due to a number of features as control objects, which include information and transport lag 

phenomena, significant measuring noises, the presence of strict restrictions on the field of change of various 

variables, non-standard control quality criteria. In such cases, so-called "advanced" control methods have 

recently been widely used to solve TP control problems (Advanced Process Control - APC) [5, 6], which 

include in the control algorithm real-time and accelerated dynamic models of the controlled process. 

On the other hand, the well-known model PI- and PID-laws of control are widely used in world 

practice [3, 14, 17]. In this regard, we will form control algorithms based on typical regulators. 
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In the presence of strong cross-connections of the control object, typical regulators cannot ensure the 

stability of the closed system. Since each control loop can create additional disturbances for the remaining 

loops. 

In this case, more complex methods for calculating typical regulators are usually used. At the same 

time, in calculation procedures, the model of the object with some "equivalent" dynamic model is replaced, 

taking into account the influence of other loops [3]. The main disadvantage of these methods is the lack of 

guarantee to ensure the stability of a multidimensional closed system and the need to select values   of a number 

of coefficients. 

And when using a centralized control system structure based on standard regulators, it becomes 

necessary to adjust a large number of parameters of typical control laws. 

For example, for an object with M-control inputs and N-stabilized outputs, when using PI-regulators, it 

is necessary to configure NM 2 . 

 

Solution method. Let the transfer matrix of the object )( pH  contain elements )( phij , each of 

which is a serial connection of a stable fractional-rational transfer function )(
~

phij  with a delay link 
ijp

e
−

. The 

task of adjusting typical regulators is to develop methods for calculating the matrices A and B, which determine 

the parameters of the transfer matrix of a multidimensional PI-regulator with a transfer function 

pBApW /)( += . 

The essence of the method for an object with a square transfer matrix (M = N) is the joint use of typical 

regulators with a decentralized and centralized structure (Fig. 1). Then the law of administration is defined as 

follows: 

)()1()()( )2()1( pWprWpW −+= , 

 

where )()1( pW  and )()2( pW  - are the transfer matrices of auxiliary standard regulators, and ρ - is 

the weight factor to be selected, at the same time ]1,0[ . 

The diagonal transfer matrix )()1( pW  corresponds to a multidimensional standard regulator designed 

to stabilize the object )( pH  within a decentralized structure. 

 

 
 

Fig. 1. - System with combined multidimensional standard regulator (S.R.) 
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The transfer matrix )()2( pW  is designed to stabilize an auxiliary object )()2( pH  having the same 

matrix of static amplification coefficients )0(H  as the original object, but a single dynamics over all control 

channels. Calculation of parameters of multidimensional centralized standard regulator )()2( pW  for object 

)()2( pH  by method of dynamic compensation results in the following ratios: 

 

,/()]0([)( )2()2(1)2( pbaHpH += −
 

 

where "free" scalar parameters 
)2(a , 

)2(b . 

The methodology discussed is based on a combination of two methods for tuning multidimensional 

typical regulators. The first method simplifies the configuration by eliminating cross-links, and the second - 

takes into account cross-links in static, simplifying the structure of the dynamic part of the multidimensional 

standard regulator. 

The combined regulator thus designed has structural stability and robustness properties, that is, it is 

always possible to find values   of its adjustable parameters, in which the closed control system will be stable 

and low-sensitivity to the errors of the model of the control object. 

 

Example solution. Let the control object, there is a transfer matrix: 
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Single step disturbances of different signs are applied to the outputs of the object. At that transient 

processes by control and output variables occur (Fig. 2). 

 

 
 

Fig. 2. - Control actions (a) and output variables (b) in a closed system with a PI-regulator, calculated without 

taking into account (solid lines) and taking into account (dashed lines) control restrictions 
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Dashed lines correspond to processes in a closed control system with a decentralized structure, where 

the settings of two PI-regulators are found as a result of minimizing the integral quality criterion (IQC) by a 

search path without taking into account cross-links (the «autonomous optimal» (AO) method). The settings of 

the PI regulator are determined by the matrix: 

 










−
=

6,290

02,61
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−
=

56,00

069,0
B . 

 

Continuous lines correspond to the behavior of a centralized system with four PI-regulators calculated 

using the search procedures of the combined method discussed in the article (the «combined optimal» (CO) 

method). The settings of the PI-regulator are determined by the matrix: 
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−
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B . 

 

Comparison of graphs shows that in the absence of consideration of cross-links, transients are 

characterized by strong fluctuations and slow convergence. The integration of cross-linkages into a centralized 

structure reduces fluctuations and accelerates the transition process. If for the autonomous-optimal regulator the 

control quality indicator IQC = 0.27, then for the combined-optimal regulator IQC = 0.14. Thus, the combined 

method discussed in the article made it possible to reduce IQC by about half compared to the traditional method 

of independent configuration of autonomous regulators.  

In order to reduce transient oscillation, restrictions on .40)(,40)( 21  tutu  control are 

introduced. Taking these restrictions into account, the PI-regulator is also analytically calculated: 
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−
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As can be seen from the graphs (Fig.2), the transients shown by the continuous lines due to the 

weakening of the regulator settings are less oscillatory. At that, control actions are within specified limits. 

 

Conclusion 

Efficiency of TP operation is characterized by a number of process indicators supporting at specified 

levels in conditions of uncontrolled disturbances. The problem is complicated by the fact that each control effect 

affects several output variables. The paper proposes a solution to the problem of stabilizing multi-link control 

objects of arbitrary dimension, which is a set of typical PI-regulators. The developed combined method of 

tuning multidimensional typical regulators makes it possible to calculate the parameters of regulators, taking 

into account restrictions on control actions and a number of engineering requirements for transients. 
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