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The proposed method of identification in the presented article 
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measurable derivatives of the m-th order state variables of a 

multiconnected object. 

 

Keywords: 
Reference converter-filters  

Neural network 

Multiconnected dynamic object with 

uncertainty 

“Black box” model 

 

1. Introduction 

 

In modern production processes, control objects in robotic and mechatronic devices operate in 

intensive mode and in uncertainty conditions. The requirements for quality in the automatic control 

systems of such dynamic objects are tightened. Therefore, it is important and relevant to obtain 

(identify) aprior and aposterior information about such objects, e.g. dynamic characteristics. 

It is known that the estimation of the structure and parameters of the mathematical model of 

an object is important for the design of an optimal performance indicator management system [1-6]. 

However, in some cases the estimates of the structure and parameters of the mathematical model of 

an object are unknown.  

High-quality management of dynamic objects, which can be described (defined) as non-

stationary and uncertain, can be achieved by means of adaptive systems [2-4]. However, in such 

adaptive control systems, the object's state variables must be fully observable, in other words, n-th 

order derivatives of the object's output variables and themselves must be observable (measurable) 

[2, 3]. 

It should be noted that a mathematical model of a number of robotic and mechatronic devices 

– differential equations – can be developed on the basis of physics, electrical engineering, 

mechanics, e.g. the Lagrange-Euler approach. However, these types of mathematical models have 

sufficient nonlinearity and uncertainty [6-8]. For the experimental study of such models, it is 

necessary to observe (measure) the first, second and third order derivatives [6-8]. 

In most cases, the m-th order derivatives of input and output variables in real objects cannot 

be measured physically. Therefore, for the high-quality management of such uncertain dynamic 
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objects, it is necessary to use reference converters, methods of identification, and means of artificial 

intelligence – neural technology. For instance, it is necessary to propose more efficient methods and 

tools for designing intelligent and adaptive control systems without the direct use of m-th order 

derivatives of the object's real state variables [1,5]. That is, it is necessary to develop such an 

identification method that makes it possible to continuously estimate the parameters of the 

mathematical model based on observations of only input and output variables during the normal 

operation of an uncertain object, or to observe on the basis of the object's "black box" model [10]. 

In view of the above, the present paper proposes a method for the identification of 

multiconnected dynamic objects with uncertainty based on neural technology and reference 

converters.  

 

2. General statement of the problem 

 

Let’s assume that, in general, the movement of the dynamic object with uncertainty could be 

written by vector differential equations or matrix transfer function: 

𝒚 ̇ (𝒕) = 𝝍(�⃗⃗� (𝒕), 𝒚(𝒕), 𝒖(𝒕)),                                           (1a) 

Here 𝒚(𝒕), 𝒖(𝒕) are 𝑛-dimensional output and control-input vectors, which are measurable 

(observable); 𝒚 ̇ (𝒕) is 𝒎-th order derivatives vector of the multiconnected dynamic object with 

uncertainty and it is not observable. 

It is assumed that the additivity feature is met for the multi-connected dynamic object. Then 

object (1a) can be described by operator equations as follows: 

  

𝑌1(𝑠) = 𝑊11(𝑡, 𝑠)𝑈1(𝑠) + 𝑊12(𝑡, 𝑠)𝑈2(𝑠) + ⋯+ 𝑊𝑛1(𝑡, 𝑠)𝑈𝑛(𝑠)

𝑌2(𝑠) = 𝑊21(𝑡, 𝑠)𝑈1(𝑠) + 𝑊22(𝑡, 𝑠)𝑈2(𝑠) + ⋯+ 𝑊𝑛2(𝑡, 𝑠)𝑈𝑛(𝑠)
⋮                        ⋮                                     ⋮                                            ⋮

𝑌𝑛(𝑠) = 𝑊𝑛1(𝑡, 𝑠)𝑈𝑛1(𝑠) + 𝑊𝑛2(𝑡, 𝑠)𝑈𝑛2(𝑠) + ⋯+ 𝑊𝑛𝑛(𝑡, 𝑠)𝑈𝑛(𝑠)

}            (1b) 

Here 𝑈𝑗 , (𝑗 = 1, 𝑛̅̅ ̅̅ ̅) j-th control input effect, 𝑊𝑖𝑗(𝑡, 𝑠) - relevant transfer functions of the 

object through directly straight (𝑖 = 𝑗) and cross (𝑖 ≠ 𝑗) channels, are the elements of  𝑛 ⤬ 𝑛   size 

matrix (2)  

𝑊𝑜𝑏(𝑡, 𝑠) = |

𝑊11(𝑡, 𝑠) 𝑊12(𝑡, 𝑠) … 𝑊1𝑛(𝑡, 𝑠)

𝑊1𝑛(𝑡, 𝑠) 𝑊22(𝑡, 𝑠)… 𝑊2𝑛(𝑡, 𝑠)
⋮                       ⋮                    ⋮

𝑊𝑛1(𝑡, 𝑠) 𝑊𝑛2(𝑡, 𝑠)…   𝑊𝑛𝑛(𝑡, 𝑠)

|                               (2) 

 

Assume the movement of the multiconnected dynamic object with uncertainty for each 𝑖, 𝑗 =
1, 𝑛̅̅ ̅̅ ̅ channel is described by the transfer function as follows 

𝑊𝑖𝑗(𝑡, 𝑠) =
𝑘𝑖𝑗

∑ 𝑎𝑚−𝑙,𝑖𝑗
𝑚
𝑙=0 (𝑡)𝑠𝑙⁄  ,                                          (3a) 

Here 𝑘𝑖𝑗, 𝑎𝑚−𝑙,𝑖𝑗 (𝑡) – are unknown non-stationary parameters of the object with uncertainty 

described by the (3a) expressions of straightforward and cross effect channels. 

Based on the knowledge about the identified dynamic object (our aprior information), we 

assume that the parameters 𝑎𝑙,𝑖𝑗, 𝑙 = 1,𝑚̅̅ ̅̅ ̅̅ , 𝑘𝑖𝑗, 𝑖, 𝑗 = 1, 𝑛̅̅ ̅̅ ̅ in mathematical model (3a) can obtain 

estimates in the bounded regions, i.e.  

𝑎𝑙,𝑖𝑗𝑚𝑖𝑛 ≤ 𝑎𝑙,𝑖𝑗 (𝑡)  ≤  𝑎𝑙,𝑖𝑗𝑚𝑎𝑥 , ∀𝑙 ∊ 𝐿, 𝐿 = [0,𝑚̅̅ ̅̅ ̅̅ ],  𝑘𝑖𝑗, 𝑖, 𝑗 = 1, 𝑛̅̅ ̅̅ ̅                 (3b) 

The structural diagram of the multiconnected dynamic object with uncertainty can be 

described as follows. 
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Fig. 1. Structural diagram of a multiconnected dynamic object with uncertainty. 
 

Based on Fig. 1.1 and the record of operator (1b), the problem of identifying a multiconnected 

dynamic object could be considered as an identification problem with n-inputs in n number and 

single output. In the latter case, it is only possible to apply the proposed approach for the 

identification of the multiconnected dynamic object [8], which can be measured by input and output 

variables. 

 

3. Solving the identification problem of a multiconnected dynamic object with uncertainty 

based on reference converters and neural technology 

 

To identify a multiconnected dynamic object with uncertainty, i.e. in order to evaluate 𝑎𝑙,𝑖𝑗, 

𝑙 = 1,𝑚̅̅ ̅̅ ̅̅ , 𝑘𝑖𝑗, 𝑖, 𝑗 = 1, 𝑛̅̅ ̅̅ ̅ parameters, m-th order derivatives 𝑦𝑗
𝑙(𝑡), 𝑗 = 1, 𝑛̅̅ ̅̅ ̅, 𝑙 = 1,𝑚̅̅ ̅̅ ̅̅  of the output 

variables must be measurable. However, in the case under consideration, m-th order derivatives are 

not observable (measurable). Therefore, it is proposed to use linear conversions – reference filters 

[5, 8] - of output 𝑦(𝑡) and input 𝑢(𝑡) vectors (signals) linear conversions measured (observed) in 

real time to estimate (determine) the dynamic parameters 𝑎𝑙,𝑖𝑗, 𝑙 = 1,𝑚̅̅ ̅̅ ̅̅ , 𝑘𝑖𝑗, 𝑖, 𝑗 = 1, 𝑛̅̅ ̅̅ ̅  of a 

multiconnected object with uncertainty. 

Assume that input variables of vector u(t) are not periodic, i.e. they meet following 

conditions: 

                                          𝒖(𝒕) ≠ 𝐮(𝒕 + 𝑻𝒑)  -∞<t<∞, 0<Tp<∞,                                 (4) 

(4), (1b.), (3b.)  𝑦(𝑡) – output and 𝑢(𝑡) – input variable vectors of the multiconnected dynamic 

object with uncertainty and their derivatives 𝑦𝑗
𝑙(𝑡), 𝑢𝑗

𝑙(𝑡), 𝑗 = 1, 𝑛̅̅ ̅̅ ̅, 𝑙 = 1,𝑚̅̅ ̅̅ ̅̅  are not periodic 

functions. Linear converters – (reference converters) – 𝑊𝐹𝑌𝑗  (𝑠) and 𝑊𝐹𝑈𝑗  (𝑠), 𝑗 = 1, 𝑛̅̅ ̅̅ ̅ are added 

to the outputs of each output and input for the object. m-th order derivatives 𝑠𝑙𝑌𝐹𝑗 (𝑠), 𝑠𝑙𝑈𝐹𝑖 (𝑠), 

𝑙 = 0,𝑚̅̅ ̅̅ ̅̅  of outputs for the reference filters  𝑌𝐹𝑗 (𝑠), 𝑈𝐹𝑗 (𝑠) are observable (see Fig. 2). 

Note that for each of the outputs and inputs, 𝑊𝐹𝑌𝑗  (𝑠) and
 
 𝑊𝐹𝑈𝑗  (𝑠), 𝑗 = 1, 𝑛̅̅ ̅̅ ̅ transfer 

function structures of the m-th order linear converters (reference filters) can be selected as follows: 

𝑊𝐹𝑌𝑗  (𝑠) =
𝑌𝐹𝑗 (𝑠)

𝑦𝑗 (𝑠)
⁄ = 1

∑ 𝑑𝑚−𝑙,𝐹𝑗
𝑚
𝑙=0 (𝑡)𝑠𝑙⁄ , 

𝑊𝐹𝑈𝑖  (𝑠) =
𝑈𝐹𝑖 (𝑠)

𝑢𝑖 (𝑠)
⁄ = 1

∑ 𝑑𝑚−𝑙,𝐹𝑖
𝑚
𝑙=0 (𝑡)𝑠𝑙⁄ .               (5) 

If we select the structures and parameters of the transfer functions for the linear converters (– 

reference filters) of the input and output variables as equal ( 𝑊𝐹𝑌𝑗  (𝑠) = 𝑊𝐹𝑈𝑖  (𝑠) = 𝑊𝐹(𝑠), 𝑗, 𝑖 =

1, 𝑛̅̅ ̅̅ ̅) and steady, then using the operator model, the identification system (see Fig. 2 and 3) can be 

written as follows: 
 

u1 

un 

y1 

yn 
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𝑊𝐹(𝑠)𝑌1(𝑠) = 𝑊𝐹(𝑠)𝑊11(𝑡, 𝑠)𝑈1(𝑠) + 𝑊𝐹(𝑠)𝑊12(𝑡, 𝑠)𝑈2(𝑠) + ⋯+ 𝑊𝐹(𝑠)𝑊𝑛1(𝑡, 𝑠)𝑈𝑛(𝑠)

𝑊𝐹(𝑠)𝑌2(𝑠) = 𝑊𝐹(𝑠)𝑊21(𝑡, 𝑠)𝑈1(𝑠) + 𝑊𝐹(𝑠)𝑊22(𝑡, 𝑠)𝑈2(𝑠) + ⋯+ 𝑊𝐹(𝑠)𝑊𝑛2(𝑡, 𝑠)𝑈𝑛(𝑠)
⋮                        ⋮                                     ⋮                                            ⋮

𝑊𝐹(𝑠)𝑌𝑛(𝑠) = 𝑊𝐹(𝑠)𝑊𝑛1(𝑡, 𝑠)𝑈1(𝑠) + 𝑊𝐹(𝑠)𝑊2(𝑡, 𝑠)𝑈𝑛2(𝑠) + ⋯+ 𝑊𝐹(𝑠)𝑊𝑛𝑛(𝑡, 𝑠)𝑈𝑛(𝑠)

}     

 

If we consider 𝑊𝐹(𝑠)𝑌𝑗(𝑠) = 𝑌𝐹𝑗, 𝑊𝐹(𝑠)𝑈𝑖(𝑠) = 𝑈𝐹𝑖, then the relation between transformed 

variables 𝑌𝐹𝑗 and 𝑈𝐹𝑖 can be described as follows; 
 

 𝒀𝑭(𝒔) = 𝑾𝒐𝒃(𝒕, 𝒔)𝑼𝑭,                                         (6a) 

or  

𝑌𝐹𝑗 (𝑠) = 𝑊𝑜𝑏𝑖𝑗(𝑡, 𝑠)𝑈𝐹𝑖 ,   𝑖, 𝑗 = 1, 𝑛̅̅ ̅̅ ̅                                (6b) 

Here 𝑊𝑜𝑏𝑖𝑗(𝑡, 𝑠)  – is the transfer function “of 𝑗-th output relative to 𝑖-th input”, described as 

(6a). 

Thus, in the case when (4) conditions are met, state variables of the object are not observed, 

we have shown the possibility of identification of the multiconnected dynamic object by measuring 

𝑠𝑙𝑌𝐹𝑗 (𝑠),  𝑠𝑙𝑈𝐹𝑗 (𝑠), 𝑙 = 0,𝑚̅̅ ̅̅ ̅̅  derivatives of reference converters-filters, i.e. we have proved that. 

If during the quasi-stationarity period the object needs parametric identification, then, 𝑎𝑙,𝑖𝑗, 

𝑙 = 1,𝑚̅̅ ̅̅ ̅̅ , 𝑘𝑖𝑗, 𝑖, 𝑗 = 1, 𝑛̅̅ ̅̅ ̅ can be estimated using the methods proposed in [5, 8] or LSM (least 

squares method). However, in the synthesis and technical implementation of adaptive control 

systems for multiconnected dynamic object the use of such models has some difficulties, and its 

practical efficiency may not be sufficient [1, 5, 8-10]. 

Mathematical models-differential equations of several technical objects like robotics, drones, 

mechatronic devices can be determined on the basis of electrical engineering, mechanics, e.g. Euler-

Newton and Lagrange-Euler approach. However, the mathematical models developed on the basis 

of existing approaches have sufficient nonlinearity and uncertainty or non-stationarity [8-10]. 

Control systems that can change object parameters should be intelligent or adaptive. Adaptive 

control system controllers adjust the controller parameters based on object information in either 

online or offline mode. In such systems, to ensure optimization of control system and its stability, 

computer simulation of intelligent ACS by using existing tools is an important issue and its 

effective solution is relevant [9]. 

In the paper, taking into account the above, the problem of determining the “black box” model 

of the multiconnected dynamic object with uncertainty using the Neural Network technology and 

linear converters in the case of uncertainty of the structure and parameters of mathematical model is 

solved. 

In most methods of identification of dynamic objects 𝝍(∙) – structure of mathematical model 

(1) is accepted as the total sum of certain functions (for instance, linear and nonlinear functions) [1-

10]. If initial information and studies about the dynamic object is not sufficient and the structure of 

the identified mathematical model is not selected correctly (sufficiently), then the solution to the 

control synthesis problem will be complicated and inefficient [9, 10]. 

In the case of a lack of information in dynamic objects with uncertainty, in order to solve the 

synthesis problem of high-quality intelligent control system, determination of the mathematical 

model of the object is more effective due to the use of new information technology based on Neural 

Network Toolbox [9, 10]. However, as in [10], identification based on Neural Network (NN) is not 

defined with 𝑎(𝑡) parameters due to the difference between 𝑘 − 1 and 𝑚 tacts, it is directly defined 

with 𝒚(𝑡) output state variables of the object. In other words, it is identified as the output of the 

“black box” model of the real dynamic objects in Neural Network. 

Real dynamic model of object (1a) can be described in the formal reduction form, i.e. 

   𝒚(𝒕) = 𝑭(𝒂(𝒕), �̇�(𝒕), 𝒖(𝒕)), 𝒚 ⊂ 𝑹𝒏, 𝒖 ⊂ 𝑹𝒏                                (7) 
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After each input and output variable has been converted through the 𝑊𝐹(𝑠) reference 

converters (linear converters), by measuring    𝑠𝑙𝑌𝐹𝑗 (𝑠), 𝑠𝑙𝑈𝐹𝑗 (𝑠), 𝑙 = 0,𝑚̅̅ ̅̅ ̅̅  derivatives, it is 

possible to determine the “black box” NN of the multiconnected dynamic object with uncertainty. 

Assume the “black box” type mathematical model of the object based on neural network can 

be determined by NN with r intermediate layers through each 𝑖-th input 𝑗-th output channel: 

  𝒀𝑵𝒊 = 𝝓𝒊 (𝒘𝒊𝒋,𝒓, �̇�(𝒕), 𝒖(𝒕)) , 𝒘𝒊𝒋,𝒓 ∈ 𝑾𝒊𝒋,𝒓, 𝒊, 𝒋 = 𝟏, 𝒏̅̅ ̅̅ ̅    , 𝒓 = 𝟏, 𝒈̅̅ ̅̅ ̅     ,           (8a) 

or 

 𝒀𝑵 = 𝝓(𝒘, 𝒀�̇�(𝒕), 𝑼𝑭(𝒕)) ,𝒘 ∈ 𝑾                                                (8b) 

 

Here 𝑤𝑖𝑗 ∈ 𝑊𝑖𝑗, 𝑖 ∈ [1, 𝑛],  𝑟 ∈ [1, 𝑔], 𝑖-th are weighted coefficient of the neurons in the 𝑔-th 

intermediate layers through the 𝑗-th output channel and can get values in the 𝑊𝑖𝑗,𝑟 region. 

The problem of determining the “black box” (neural network) model of a dynamic object with 

uncertainty can be formulated as follows. 

We need to determine such “black box” model with NN of an object with observable 

(measurable) all state variables 𝒀𝑭(𝑡) = [𝑌𝐹1(𝑡), 𝑌𝐹2(𝑡), … , 𝑌𝐹𝑛(𝑡)]   and input effects 𝑈𝐹(𝑡) =
[𝑈𝐹1(𝑡), 𝑈𝐹2(𝑡), … , 𝑈𝐹𝑛(𝑡)]

T of a real dynamic object, i.e. as in model (8b), that the square of the 

difference (error) between the outputs of NN and of the real object (state variables) is minimum for 

𝑡𝑘 = 𝑇0 𝑘 (𝑇0 = 𝑐𝑜𝑛𝑠𝑡, 𝑘 = 1,2,3, . . . , 𝐾): 

𝔼 =
1

2
∑(𝐸𝑘)2 = 

1

2
∑[ 𝑌𝐹(𝑡𝑘) −  𝑌𝑁(𝑡𝑘)]

2 =    

𝐾

𝑘=1

𝐾

𝑘=1

 

    

= 
1

2
   ∑ ∑[𝑌𝐹𝑖

𝑘 − 𝜙𝑖(𝑤𝑖𝑗, �̇�𝐹𝑖
𝑘 , 𝑈𝐹𝑗

𝑘)]2
𝑛

𝑖=1

=→ min                  (9) 

𝐾

𝑘=1

    

If one model, i.e. 𝑖 = 1, is sufficient and if the possible value-accuracy of error 𝜀 is given, 

then in optimization problem (9) we can be satisfied that lim
𝑘→∞

1

2
∑ (𝐸𝑘)2 = is less than 𝜀 𝐾

𝑘=1 . 

The modeling system in the form of “black box” of a real multiconnected dynamic object with 

uncertainty based on NN can be described as Fig. 2: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2. The structure of NN-based modeling system in the form of “black box” of a multiconnected 

dynamic object with uncertainty based on the observation of transformed sate variables 
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NN model _
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-
_
_ 

y(t) 

e(t) 
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The solution to the above formulated identification problem is function 𝒀𝑵 =

𝝓(𝒘, 𝒀�̇�(𝒕),𝑼𝑭(𝒕)). These solutions are known as input-output pairs 

(𝒀𝑭
𝟏 , 𝒀𝑵

𝟏 ),(𝒀𝑭
𝟐 , 𝒀𝑵

𝟐 ),...,(𝒀𝑭
𝑲, 𝒀𝑵

𝑲 )   (formulated from the measurments). Identification process, i.e. NN 

training directly synthesizes such function 𝝓(·) in  𝑛 number that can be close to function 

𝑭(·) realized by the object. Thus, training of Neural Networks becomes a multivariate optimization 

issue.  

Since function (9) can be arbitrary, in general, training of 𝑛  Neural Network is a 

multiextremal nonconvex optimization problem. The number of iterative algorithms given in [9] 

can be used to solve above-mentioned optimization problem(9). Currently the most widely used 

method of NN training (minimizing the mean square (quadratic) error of function (9)) is an iterative 

gradient algorithm.  

This training algorithm mentioned in most studies [9-12] is called error back propagation. 

Therefore, there is no need to give detailed explanation on error back propagation method. 

However, we consider it appropriate to give the identification of the multiconnected dynamic object 

with uncertainty as above formulated  𝑛-number “black box” for the mechatronic device 

implementation (according to Fig. A1.1 in Appendix 1) based on Neural Networks Toolbox, to 

provide “M” language program (Fig. A1) of MATLAB and training procedures with an explanation 

as follow. 

In order to determine the "black box" model for a single channel, the explanation of NN 

training procedures can be summarized as follows.  

In subsystems in Fig. 3 – object’s output, reference converter-filter variables in the input and 

output, intervals ∆𝑡 (∆t=0.002s) in K (K=4000, researcher selects) number, observation-

measurements, i.e., input matrices          

𝑷 = [𝑿] = [𝒖𝟏; 𝒖𝟐; 𝒔
𝟐 𝒀𝑭𝟏; 𝒔𝒀𝑭𝟏 ; 𝒚𝟐; 𝒔

𝟐 𝒀𝑭𝟐; 𝒔𝒀𝑭𝟐 ; 𝒔
𝟐 𝑼𝑭𝟏𝒔

𝟐 𝑼𝑭𝟏; 𝒔𝑼𝑭𝟏 ; 𝑼𝑭𝟏; 𝒔
𝟐 𝑼𝑭𝟐; 𝒔𝑼𝑭𝟐 ; 𝑼𝑭𝟐; ] are 

formed: 

Observational matrices of state variables 𝑦1
𝑘; 𝑦2

𝑘 𝑘 = 1,𝐾̅̅ ̅̅ ̅ (𝐾 = 4000 , 𝑟𝑒𝑠𝑒𝑎𝑟𝑐ℎ𝑒𝑟 𝑠𝑒𝑙𝑒𝑐𝑡𝑠) 

of the real multiconnected object  

𝑻 = [𝒚] = [𝒚𝟏; 𝒚𝟐] (or separately ) are formed: 

 𝐧𝐞𝐭 = 𝐧𝐞𝐰𝐟𝐟(𝐦𝐢𝐧 𝐦𝐚𝐱(𝐏), [𝟑𝟎𝟎, 𝟑𝟎𝟎, 𝟐], {‘𝐩𝐮𝐫𝐞𝐥𝐢𝐧’, ’𝐥𝐨𝐠𝐬𝐢𝐠’, ’𝐭𝐚𝐧𝐬𝐢𝐠’, ’𝐭𝐫𝐚𝐢𝐧𝐠𝐝’});  

Creation and training of first NN (with appropriate transfer functions  ′𝑡𝑎𝑛𝑠𝑖𝑞′,′ 𝑙𝑜𝑔𝑠𝑖𝑞′, 𝑝𝑢𝑟𝑙𝑖𝑛′) 

named d with 3 layer (300 neurons in two layers, 2 neurons in output layer). Number of neuron 

layers and etc. parameters are selected iteratively by the constructor). 

𝐧𝐞𝐭. 𝐭𝐫𝐚𝐢𝐧 𝐏𝐚𝐫𝐚𝐦. 𝐠𝐨𝐚𝐥 = 𝟎. 𝟎𝟎𝟏; – the value of accuracy omission error of the NN training 

– 𝐞𝐤 = (𝐞𝟏
𝐤 (heuristically selected by the constructor). 

𝐧𝐞𝐭. 𝐭𝐫𝐚𝐢𝐧𝐏𝐚𝐫𝐚𝐦. 𝐬𝐡𝐨𝐰 = 𝟓𝟎;− from one of the fifty examples Param the first NN 

output y1
k, k = 1, K̅̅ ̅̅ ̅ should be shown (defined heuristically by the constructor).  

𝐧𝐞𝐭. 𝐭𝐫𝐚𝐢𝐧 𝐏𝐚𝐫𝐚𝐦. 𝐞𝐩𝐨𝐜𝐡 = 𝟏𝟎𝟎𝟎; Circulation of NN training – ‘epoch’ (number of cycles 

selected heuristically by the constructor). 

𝐧𝐞𝐭. 𝐭𝐫𝐚𝐢𝐧(net,P,T); Launching NN training procedure. 

𝐯𝐢𝐞𝐰 (𝐧𝐞𝐭);  – automatic installation of a “black box” model object in the Simulink and 

description of the flow chart (See Fig. 4). 

𝐠𝐞𝐧𝐬𝐢𝐦 (𝐧𝐞𝐭);  𝐨𝐫 𝐝𝐢𝐬𝐩𝐥𝐚𝐲 (𝐧𝐞𝐭);− Decription of information on NN in MATLAB: – 

method of training (e.g. training method “Gradient Decent”), criteria (“mse”), number of iterations 

(“epoch”) and others (See Fig. 3). 
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Dependence of the training error on the number of iterations (the "epoch"), the intended target 

– the "min" value of the error (a), and the description of the "black box" as subsystem (b) in 

Simulink are given in Fig. 4. 

The graphs (a, b) of NN outputs (e.g. 𝑦𝑁1(𝑡) = 𝑦𝑁1(𝑘𝑇0) = 𝑦𝑁1
𝑘 , 𝑘 = 1,4000̅̅ ̅̅ ̅̅ ̅̅ ̅, 𝑇0 = 0.01𝑠 ) 

after the training of NN and the transition processes of the real object (e.g. 𝑦1(𝑡) = 𝑦1
𝑘, 𝑘 = 1,4000̅̅ ̅̅ ̅̅ ̅̅ ̅, 

𝑇0 = 0.01𝑠) as well as for 𝑢1(𝑡) = 1[𝑡] = 1[𝑘𝑇0], 𝑢2(𝑡) = 0 to estimate the input-control effects 

are shown in Fig. 5. 

Based on a comparative analysis of the transition processes in Fig. 5, 𝒚𝑵(𝒕) – NN output and 

𝒚(𝒕) derivative is exactly the same as nonlinear dynamic object with uncertainty, i.e. 𝑦(𝑡) ≌ 𝑦𝑁(𝑡). 

Thus, in the problem of control influence or regulator synthesis, the possibility of using the trained 

NN (“black box” model of the real dynamic object) for the dynamic object with uncertainty in 

“offline” mode has been confirmed. 
             

 
 

Fig. 3. Description of the parameters for the NN training (object identification) of the “black 

box” model in the NN Toolbox of MATLAB  
 

           

a) b) 
 

Fig. 4. Graph of dependence of the NN training error on the number of cycles (epochs) and 

description of NN in the form of “black box” in Simulink (b) 
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Fig. 5. The transition processes 𝑌𝑁1of the first NN with output signal 𝑌𝐹1 of the first reference filters 

in the object’s output 

 

4. Conclusion. 

 

A theoretical method for solving the determining problem of “black box” model for the 

multiconnected dynamic object with uncertainty based on neural technology and reference 

converter-filters, as well practical realization in MATLAB have been developed in the case when 

information is not sufficient and state variables are not measurable. It has been proved that the 

modeling of real multiconnected uncertain dynamic objects based on conversion of input and output 

variables is correct and efficient. “Black box” NN model for the doubly-connected 2-nd order 

object has been trained according to error back propagation algorithm, and in order to overlap 

measured state variables vectors UFi, YFj,(i, j = 1,2) of the 2-nd order reference converters with state 

variables vector of NN output yN(t), the structure of NN (layers-3), the number of the neurons in 

the layer (300, 300,1), transfer functions, accuracy of training (0.001) and other parameters have 

been identified.  

One of the advantages of the proposed method is that it allows parametric identification when 

state variables of a multi-connected dynamic object are not measurable, as well as the creation of an 

adaptive control system. 
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Appendix: In order to model multiconnected dynamic objects with uncertainty based on 

reference converters-filters and NN, the experiments have been conducted for the following 

identification system in MATLAB (Fig. A6). 
 

 
 

Fig. A6. Structural diagram of the identification system with reference converters and NN for 

dynamic object in MATLAB 
 

The program in the "M" language of the NN implementation of the black box model of a 

multiconnected dynamic object for single channel based on MTLAB's Neural Networks Toolbox 

package is described in Fig. A7. 
 

 
 

Fig. A7. The program in the "M" language of the NN implementation of the black box model of a 

multiconnected dynamic object for single channel based on Neural Networks Toolbox in MATLAB 

An example of a 2nd order benchmark filter-converter structure used for conversion of input 

and output variables, and the time diagram of the error of a real-dynamic object (the "black box"). 

https://doi.org/10.1016/j.procs.2017.11.278
https://doi.org/10.1016/j.procs.2017.11.279
https://doi.org/10.1017/CBO9780511835261
https://doi.org/10.1007/978-3-030-12512-7
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The structural diagram of 2-nd order reference converter-filter used for the conversion of 

input and output variables (Fig. A8 – to the left) and time diagram of NN error (“black box” model) 

for the real dynamic object (Fig. A8 – to the right) are given as follows (See Fig. A8). 
 

     

Fig. A8. Structural diagram of 2-nd order reference converter-filter used for the conversion of input 

and output variables and time diagram of NN error (“black box” model) for the real dynamic object 

(to the right) 
 

 

 


