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Abstract. The task of controlling multi-channel objects, that 

is, objects with many inputs and many outputs, MIMO, can be 

the most effectively solved by a multi-channel controller that has 

the same number of inputs and outputs as the controlled object 

has. We consider only multichannel controllers that have the 

same number of inputs and outputs. Traditionally, in the matrix 

of such a controller, each element is a scalar PID controller, that 

is, a controller containing proportional, integrating and 

derivative channels. In this case, an n × n object requires n2  

scalar PID controllers, each with three channels. The calculation 

of such a controller requires the calculation of 3n2 parameters.  
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Introduction 

 

It is known that in order to control a multichannel object, 

i.e. an object with n inputs and n outputs, also called MIMO 

objects, (many inputs - many outputs), controllers of the same 

dimension, n × n , can be most successfully used [1]. There 

are well-known attempts to control objects in which the 

number of inputs does not match the number of outputs [2]. 

All of them should be divided into two types: a) objects in 

which the number of inputs is greater than the number of 

outputs, b) objects in which the number of inputs is less than 

the number of outputs [3]. 

If we consider cold and hot water of the water supply 

system as an object of research, recall that these two options 

should be considered from different positions, namely: if the 

number of inputs is greater than the number of outputs of the 

object, then this is not a problem, but an additional 

opportunity for managing the object. For this case, there are 

methods for the effective use of additional inputs; in this 

direction, science can successfully develop, if researchers do 

not ignore already known results[4]. For the case where the 

number of outputs exceeds the number of inputs, it should be 

recognized that the excess outputs could not be controlled. 

There is an erroneous terminology when the authors 

believe that if the output signals at additional outputs 

somehow depend on the input signals arriving at the object, 

then, therefore, this can also be considered as control. 

Another mistake is that if in some way, under some specific 

initial conditions, it is possible to reduce the output signals at 

the extra outputs to zero or to a constant level, this can also 

be considered control. Both are erroneous, which is shown in 

detail in the publication [5].  

If the goal of control is, for example, stabilization of the 

rotation speed, then the angle of rotation as a result of such 

control should change according to a linear law, increase 

linearly or decrease linearly (i.e., rotate in the opposite 

direction). If the rotation angle is stabilized, then the rotation 

speed should become equal to zero because of control. 

Therefore, in both cases, as in all similar cases, the 

requirements for the value of the output quantity from among 

the “main” output signals impose certain requirements on the 

“additional” output signals. These two signals are 

interrelated. In fact, to form a control problem, it is enough to 

make requirements only for the main output values of the 

object, the requirements for additional values are formed 

automatically. Accordingly, when controlling such an object, 

it is enough to ensure the requirements for the “basic” output 

values, and then the requirements for the “additional” output 

values will be fulfilled automatically. For this reason, 

additional outputs should not be considered, except as an 

additional opportunity to receive additional signals for 

organizing, for example, local feedbacks [6]. 

In view of the foregoing, we do not consider the problems 

of controlling objects in which the number of inputs does not 

coincide with the number of outputs. The range of tasks 

includes only the control of objects of dimension n × n. The 

demonstration of the proposed approaches was carried out by 

the method of numerical optimization on the example of an 

object with a dimension of 2 × 2. 

 It is known that to control an n × n object, a controller of 

the same dimension is required. As a rule, two variants of 

such controllers are considered: a) complete controllers, in 

which from each input there is a separate single-channel 

controller for each output, there are n × n = n 2 such single-

channel controllers in a similar controller; b) diagonal 
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controllers, in which non-zero single-channel controllers are 

located only in the main diagonal of the matrix transfer 

function of the controller, the total number of which is n. The 

case of a diagonal regulator is a set of n single-channel 

regulators, one regulator for each channel. Obviously, the 

diagonal regulator is much simpler and less capable. It is also 

obvious that the full regulator is more complex and has more 

options, if only for the reason that the diagonal regulator is 

just a special case of it. This paper proposes a structure that 

occupies an intermediate position between a full controller 

and a diagonal controller. This idea is demonstrated on the 

example of a two-channel object, i.e. a 2 × 2 object. The full 

controller must contain four PID controllers, the diagonal 

controller consists of only three PID controllers, while the 

proposed controller contains three PID controllers, with 

which it can be called a three-element regulator[7]. 

The article defines the height of the rotation axis of the 

round gate with water level adjustment, as well as an analysis 

of the upper level of the water flow, a regulator for regulating 

the flow of water is used in the middle and final part of the 

water supply network, the use of such a regulator for 

drainage, wells and culverts is envisaged, this regulator is 

designed to reduce water consumption [8]. The possibility of 

obtaining information in real time in the hydrodynamic 

process in water supply systems is considered, a regulator is 

provided to maintain pressure in the water supply network in 

a constant mode and modern technology of remote control 

and control of water is applied, the method of mathematical 

hydraulic modeling for water supply systems is applied [9]. 

According to the 365-day period for managing the water 

supply system in the city, the model is built in an SVM 

environment taking into account seasonal and daily 

meteorological variability, at the same time, a reliable 

statistical methodology for modeling water demand in cities 

for 365 days by average per capita consumption has been 

developed to solve the problem of daily water demand with 

similar indicators. In the article, according to studies 

conducted over the past decade, coagulation-flocculation, 

improvement of membrane filtration processes by adsorption 

is provided, as well as other heavy metals and the impact of 

new pollutants on human health are analyzed, various 

technologies that positively affect consumption and daily 

activities, especially high-quality water supply to rural 

residents are studied and analyzed. The analysis of the 

process in the field of artificial intelligence and blockchain 

for effective management of water resources under climate 

change is carried out, it shows how climate leads to changes 

in large-scale availability of water, water resources 

management, blockchain data securitization protocols, 

regulators combined with artificial intelligence algorithms 

trained by remote water sensors were used for water 

distribution. In this article, an effective mathematical model 

of an automatic latch for regulating the water level with a high 

flow rate has been created, used for the automatic gate control 

system used to ensure free flow through the gate, regulates 

the level at the inlet of the water pipe located near the control 

level, such a model is very effective for modeling the 

hydraulic process [10]. 

 

1 Theory 

 

A linear object with dimensions n × n can be described by 

a matrix transfer function in the Laplace transform domain: 

 

𝑊(𝑠) = [
𝑤11(𝑠) … 𝑤𝑛1(𝑠)

… … …
𝑤1n(𝑠) … 𝑤𝑛𝑛(𝑠)

]              (1) 

 

Here s is the argument of the Laplace transform, wij (s) are 

the scalar transfer functions of the individual elements of the 

matrix (1). In particular, for a second-order linear object, 

these scalar transfer functions have the following form: 

 

𝑤𝑖𝑗(𝑠) =
𝑘𝑖𝑗

1+𝑇𝑖𝑗1𝑠+𝑇𝑖𝑗2
2 𝑠2                               (2) 

 

Here kij , Tij 1 , Tij 2 are coefficients. 

The object equation in this case looks like this: 

 

𝑋(𝑠) = 𝑊(𝑠)𝑈(𝑠)                                    (3) 

 

Here X(s) is the column vector of object output values 

(signals), U(s) is the column vector of object input signals: 

 

𝑋(𝑠) = [
𝑥1(𝑠)

…
𝑥𝑛(𝑠)

]                                         (4) 

 

𝑈(𝑠) = [
𝑢1(𝑠)

…
𝑢𝑛(𝑠)

]                                         (5) 

 

  

The equation of the system with the controller will have 

the following form: 

  

𝑈(𝑠) = 𝑊𝑅(𝑠)[𝑉(𝑠) − 𝑋(𝑠)]                   (6) 

 

Here V(s) is a column vector of assignments, i.e. 

prescribed values for the column vector of output signals, WR 

(s) is the matrix transfer function of the controller. 

 

𝑊𝑅(𝑠) = [
𝑤11(𝑠) … 𝑤𝑛1(𝑠)

… … …
𝑤1n(𝑠) … 𝑤𝑛𝑛(𝑠)

]               (7) 

 

An object is considered to be controlled by system (6), (7) 

if the individual elements of the column vector V(s) can be set 

independently of each other. This is the fundamental 

difference from the pseudoscientific approach, in which 

dependent quantities are erroneously interpreted as additional 

output signals. 

A complete controller is a controller in which all elements 

of the matrix (7) are nonzero. The best known and usually the 

most effective is the controller containing PID controllers as 

elements, i.e. elements described by the following relation: 

 

𝑤𝑖𝑗𝑟(𝑠) = 𝐾𝑖𝑗𝑃 +
𝐾𝑖𝑗𝐼

𝑠
+ 𝐾𝑖𝑗𝐷𝑠                    (8) 

 

In a diagonal controller, all elements except those in 

which i = j are equal to zero. 

 

𝑤𝑖𝑗𝑟(𝑠) = {
𝐾𝑖𝑗𝑃 +

𝐾𝑖𝑗𝐼

𝑠
+ 𝐾𝑖𝑗𝐷𝑠 ∀ 𝑖 ≠ 𝑗

0 ∀ 𝑖 = 𝑗
       (9) 
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Fig. 1. System model for numerical optimization of a four-

component controller for a linear plant with a dimension of 

2 × 2 

 

 
 

Fig. 2. Transient process in a system with a four-component 

regulator: 1 - output x1, 2 - output x2 

 

Figure 3 shows a block diagram for modeling a system 

with a diagonal regulator, and Figure 4 gives the result in the 

form of transient processes in the system. The resulting 

controller looks like this: 

 

𝑊𝑅(𝑠) =

[
0.1839 +

0.147

𝑠
+ 0.5558𝑠 0

0 1.512 +
0.6305

𝑠
+ 1.944𝑠

]  (10) 

 

The obtained transient processes are worse than in the 

case of using a full regulator. Figure 4 shows that there is no 

overshoot in the first channel, but there is a spurious response 

to the signal jump at the second input, the value of which is 

30%. The second channel has a 10% overshoot, as well as a 

spurious response to the signal jump at the second input of 

15%. The lifetime of a significant error is about 20 s. 

 

 

 
 

Fig. 3. System model for numerical optimization of a two-

component controller for a 2 × 2 linear plant, the best value 

of the coefficients in the cost function 

 

 
 

Fig. 4. Transient process in a system with a regulator 

according to Fig. 3 

 

2 Results of solving the problem with the proposed 

controller structure 

 

Figure 5 shows a block diagram of the project for solving 

the problem by the proposed method using a three-element 

controller with a dimension of 2 × 2. At the same time, the 

cost function is used the same, it depends only on two main 

errors in the two initial control channels of the object. 

The resulting controller coefficients are shown in the 

windows of the respective displays. Thus, the controller with 

the following parameters is calculated: 

 

𝑤+(𝑠) = 0.4484 +
0.79

𝑠
+ 5.42𝑠                                (11) 

By relation (11), one can easily recalculate the transfer 

function (11) to the form of a full controller, but, as can be 

seen from the structure in Fig. 5, the structure can be 

implemented in a simpler way, in which instead of four PID 

controllers, there are only three, as well as several additional 

totalizers. The solution of this problem in this form was much 

simpler than the solution of the problem of finding a complete 

controller, since it was required to find by the numerical 

optimization method not 12 coefficients, but only 9. 
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Fig. 5. System model for numerical optimization of a three-

component controller for a 2 × 2 linear plant, the 

coefficients in the cost function do not match (10 and 20, 

respectively) 

 

 
 

Fig. 6. Transient process in a system with a regulator 

according to Fig. 5 

 

Discussion and Conclusions 

 

This paper proposes a controller structure for a two-

channel plant that is simpler than a full controller but more 

complex than a diagonal controller is. In terms of efficiency, 

such a structure has demonstrated advantages over both 

known structures in at least one example. Without detailed 

further research, it cannot be argued that the advantages of 

this structure will always take place; however, it has a right 

to exist. Apparently, the proposed method can be extended to 

control problems for multichannel objects with a large 

number of channels, where the number of parameters that 

require calculation increases according to a power law with 

an increase in the number of channels, it is relevant, if we 

consider an alternative structure of the regulator for managing 

a multi-channel water supply facility. 
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