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Abstract – Traditional identification algorithms that are based on model parameter adjustment often have methodical errors. These errors prevent a practical application of identification results in automated computer control and diagnosis of technical objects. Methodical errors have a hidden character and, consequently, software stops working. The obtained numerical data have abstract character and no reasonable physical interpretation. There are not any mathematical methods that could be applied to decode them. Such conclusion follows from the proofs obtained in an analytical form in this paper. Until recently, they could not be obtained using traditional computing methods. It required finding, in an analytical form, the solution of systems of difference equations on the basis of which identification models are formed. With the help of the method described in this paper, this problem has been solved. It is proved that introducing into the model any additional operators, as it is done in stochastic models [17], [18], is undesirable. Also it is proved that it is necessary to carry out full cycle of identification, instead of stopping it at the stage of estimating the discrepancy of the system of difference equations. The process should end with checking the reliability of estimations of parameters of analog object’s transfer function.
Keywords – algorithm of identification, analog transfer function, discrete operator, symbolical combinatory model, parallel algorithm, computing stability, decomposition, operator, system equation
I. Review and Statement of the Problem
Usability of software that realizes identification algorithms depends on the character of mathematical operations that are used in them. Therefore, in algorithms used for control and diagnosis of analog technical objects, methodical errors should be revealed and eliminated before the creation of corresponding software. For this purpose, special algorithms and corresponding software should be created. Besides that, additional software for countering singular situations, which are typical for identification algorithms, should be created. Such situations can arise, for example, because of insufficient dynamism of input signals. Such situations are typical for identification of characteristics of aerospace systems during their flight tests [5], [6]. Because of safety of flights safety consideration, signals with too big degree of variability are damped by special onboard control systems. For solving these problems, traditional computing algorithms are not efficient enough. Therefore, the author since 2003 has been developing and improving symbolical combinatory models (SC models), which allowed to solve the mentioned problems [10] – [15].     Their application has allowed to obtain, in analytical form, the proof of some the facts of the theory of identification. In particular, in works [7] – [9], formulas for the solution of systems of difference equations of identification, which are used since 1960s, have been derived. They have shown that traditional models of identification, and especially, stochastic models, are inefficient because of structural methodical errors introduced during their design. In work [8], proof for the method of the least squares has been derived in analytical form. From it follows that the method of the least squares cannot reduce the negative impact of structural methodical mistakes. On the contrary, its application in most cases increases the tendency of occurrence of singular situations in computing algorithms. In other words, sensitivity of the solution to noise in this case increases. In works [1], [2], a technique for obtaining analytical proofs for identification problems on the basis of symbolical combinatory models has been generalized. On the basis of these results, in [2], the proof about inapplicability of stochastic models of identification in practice of control and diagnosis of technical objects has been obtained. In these and earlier works, an unequivocal conclusion has been made that results received with the help of traditional identification models are unsuitable for practical application as they have abstract character and do not have any reasonable physical interpretation. It is the result of the fact that identification is reduced to finding the coefficients of difference equations. There are practically no publications where the problem of their decoding would be solved or even the necessity for solving it was mentioned. It is especially surprising that calculation of these coefficients occurs in situations close to singular. In such conditions, is inadmissible to neglect the influence of mistakes of discrete approximations [17], [18] which arise at the replacement of differential equations with difference equations.
Therefore, at creation of software for solving practical identification problems, structural methodical errors in models and algorithms should be avoided, measures for compensating errors of discrete approximation should be taken, the obtained coefficients of difference equations should be decoded, and methods for checking the reliability of identification results should be applied. Because of the abovementioned reasons, the use of gradient-based methods for searching for the optimal estimates of parameters of the object being identified using the functional of discrepancy of difference equation is difficult. Therefore, the calculated estimates must be decoded and their reliability must be tested. 

In this paper, the problems listed above are considered from the positions of creation of efficient software for solving practical problems of computer control and diagnosis of technical objects in dynamic modes.

II. Analysis of Processes and Models of Identification of Technical Objects
The generating operator in the form of discrete transfer function, on the basis of which the system of difference equations for identification model of is formed, has the following form:
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Accordingly, it is formed as an equivalent of the transfer function of analog object:
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Neglecting the mistakes of discrete approximation during the transition from (2) to (1) is inadmissible. Therefore, for their compensation, it is useful to use the operator of interpolating approximation, which is included in the operation of Z-transform 
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The operator 
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 is known a priori. In [19], it is shown that its poles get reduced in the operation (3) and do not change the form of the object’s characteristic polynomial, so the set 
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The poles of stable objects, located in the left (negative) complex plane, are mapped into discrete positive poles, located inside the area of unit semicircle of the right (positive) complex plane. Therefore mapping (4) has a compressing character:
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With the reduction of sampling period Т of signals into the system of difference equations, discrete poles move towards the zero-information value of one. Distances between discrete poles decrease, linear dependence between column vectors of matrix of equation system increases and the operation of its inversion attains singular character. Mistakes of discrete approximation become comparable with the distances between poles, and all of them are perceived as one multiple root. There occurs the phenomenon of algorithmic uncertainty. As shown [21], the generating function or finding the coefficients of decomposition of operator (1) into the sum of partial fractions becomes:
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Actually, the poles are different and the algorithm of decomposition is substantially different, more simple formulas for simple roots of polynomial B(z) are used. The described phenomenon of indistinguishable discrete poles shows the necessity not to stop at the stage of solving difference equations and to continue the process of identification until finding the estimates of parameters of analog operator (1). Checking the reliability of identification results should be done in analog domain. 

However, for some reason it is generally accepted that the process of identification should stop at the stage of finding the solution of the system of difference equations, and the  reliability should be checked using its discrepancy, for example,  see [17], [18]. This stage is necessary, but it is not the last stage.
In these works, models of identification are based on equations:
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They are shown as given accordingly in [17; eq. 1.2.1] and [18; eq. 4.14]. Their basic feature is that there is an operator of noise in the form of sum of random signals 
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 introduced in equations. The structure of the operators of noise is not precisely specified. In opinion of authors, it is considered that approximate data about it can be received from the aprioristic information. However, they and their followers did not investigate the reliability of the results obtained from these models. 

An opinion was accepted that it is possible to obtain reliable estimates of parameters of analog object’s transfer function with the help of optimization based on gradient methods using the minimization of functional of discrepancy of difference equations [17; eq. 1.2.1] and [18]:
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However, as it is showed above, process of identification was incomplete and stopped at the stage of discrepancy evaluation. The assumption that process of gradient search converges was used. However these assumptions have nothing in common with reality. 

Therefore, software for such models of identification in practice cannot be used and obtained results cannot be put into practice for control and diagnosis of technical objects.
From equations (3), (4) and (5) it is visible that the coefficients of the following difference equations 
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are related to the coefficients of the characteristic polynomial (1)
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They are determined from the discrete poles. From their expressions (4), it is visible that factors 
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 depend from Т and are related by nonlinear functional relation to the parameters of analog operator (2). Therefore, the coefficients of difference equations (10) have abstract content that is not connected to physical content of analog object. Therefore, they cannot be used for diagnosis of condition of technical object without a preliminary operation of decoding. However, nobody has ever recognized the necessity for carrying out of the full cycle of identification and the operation of decoding. Probably it is because then one would have to admit the fact that realization of full cycle of identification is connected to overcoming the arising singular situations that complicate the practical application of obtained numerical data.
III. Necessity of Studying Structural Methodical Errors in Models of Identification
However, the main cause preventing the practical application of identification models is the occurrence of methodical errors arising because of mathematical incorrectness at the formation of models. Using software on the basis of such models can lead to significant risks. In 2009, it has been shown that they especially frequently can arise at the stage of identification of characteristics of aerospace systems during flight tests.

These conclusions can be proved only by using analytical expression of the inverse matrix of system of difference equations (10). For this purpose, the inverse matrix should be presented in the analytical form as a function of the parameters of operators contained in the model (7), (8). Generally this problem cannot be solved using traditional algorithms. Therefore, we apply symbolical algorithms with parallel structure, developed by the author in publications in years 2002 – 2004. They have been further modified and adapted for derivation of analytical proofs in [7] – [14].
We shall consider equation system formed from measurements of the reaction y(t) of the object on the input signal u(t):
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Equation system (10) is formed from values of the original one (1) at discrete moments of time. Thus, it is necessary to use a Toeplitz matrix for which the occurrence of singular situation at its inversion are typical:
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It is obvious that its solution should be in the form of coefficients of characteristic polynomial:
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They are related by exponential formulas
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to the analog poles 
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of the characteristic polynomials
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while also observing the mapping 
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Further we use standard transformations:
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IV. Method for Studying Methodical Errors of Identification Models
For carrying out of this research, we use address graph structures with parallel architecture  [10] – [15] in the vertices of which the local addresses expressed in the symbolical form as a component of numerical sequences [3] are placed. 

Here 
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 are generating operators which form the numerical sequences:
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Their components satisfy the following conditions:
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Such sequences can be expressed in the form of specifications which can be represented as a direct lexicographic product of the matrix of carrier components with the matrixes of repetitions of their elements:
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Such notation is convenient from the point of view of using them as arguments of generating operators that form the address structures.

However, for formation of address structures on the basis of graphs, it is more convenient to use transformed forms of numerical sequences (28):
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The graph structure is formed according to difference residue principle from numerical sequences:
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Graph (33) is used for the description of generating operators of minors used for calculating minors of associative matrices: 



[image: image55.wmf])

(

)

(

n

n

A

Column

A

Minr

*

»

*

j

y


(34)

The matrices formed from transients (14), are related to values of discrete moments of time which can be expressed as a function of coordinates of the associative matrix. From (17), (18) follows that elements of the matrix of difference equation system will consist of powers of discrete poles 
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 of the operators of differential equation:
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Then the local addresses, which the branches of the graph will consist of, can be described by address structure in which local addresses are related to coordinates of the matrix on the basis of which the difference equations are formed:
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Here the operator 
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 is used for formation of graph branches [10] – [15].
Components in branches are formed according to the condition:
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The architecture of the graph is determined by the vector of components of arguments of the generating operator, and then, in a general, the address structure can be represented as:
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Branches of the graph can be designated as:
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In general, over the elements in sections of the graph, components of the specification can be placed by the operator 
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. In this case, it can be the parameters related to time units in which measurements of transient were made:
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Generally such parameters can are expressed as a function of coordinates of the original matrix:
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In the vertices of the graph, the values of transients are placed:
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According to the parallel structure of the graph, in computing algorithms [3], [13], [14], the following address structure is used:
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Its fragments, according to [3], can are described in the following symbolical form: 
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Here as an argument of the operator 
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So, (44) can be written down in the following form:
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For a designation of arithmetic operations in (42), we use operators [16] in which the character of operation and the orientation of its effect on the elements of matrix objects is specified. They can be entered as lexicographic multipliers into the address model. In [8], [9] it is proved that:
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The structure 
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Here:
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Using (47), (48), and (49), we find:
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Operators (
[image: image89.wmf]*
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) have conjugate properties with respect to coordinate components of the initial matrix. We shall designate the vector of results of its application on the set of associative matrices as:
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In its components, structures (49) together with products of discrete poles are allocated:
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For the vector (51), there exists a conjugate vector:
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It is possible to define the set of associative matrices by components of their coordinates which constitute numerical sequence (30). Then for each of them, according to (47), it is possible to find expression:
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Here for allocation of sets of discrete poles 
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Taking into account the parallel structure of address graph (33) we have: 
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For associative matrices of (n-1)-th order, this result can be written down as:
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Let’s designate: 
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For Toeplitz matrices there exists a conjugate structure for (41): 
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Then for the full set of associative matrices, it is necessary to use the Cartesian lexicographic product:
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From here follows that from the elements of inverse matrix 
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They will consist of differences of discrete poles of operators which are entered into identification model. Therefore, the character of inverse matrix is such that it is impossible to get information about poles of object’s analog transfer function W(p) using any analytical methods. 

V. Influence of Methodical Errors on Quality of Identification
It is necessary to apply indirect method of variations of coefficients of vector 
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 for extraction of information about parameters of object in the system of difference equations. Procedures of minimization of its functional of discrepancy 
[image: image113.wmf]e

are used. For this purpose, on its basis the following criterion is formed:
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It is called the criterion of quality of identification. Here 
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It is considered that the best estimation of 
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 will be achieved under the condition when expression
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reaches the extreme at zero value.

We shall consider the case when transient is defined by the operator of input signal U(p) and object W(p) which are rational functions. We assume that the operators are stable, therefore their analog and discrete poles are negative.
The matrix of equation system (15) is formed from the values of process:
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Let’s designate:
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As a result, we get: 
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To operators W(p) and U(p) there correspond characteristic polynomials:
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The system of equations (15) can be described by vectors consisting of values of fragments:
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In [4] it has been shown that the discrepancy is a function of these vectors and the values of the polynomials (70) determined for values of poles of transient:
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If additional operator is entered into the model, this function is extended. For a stochastic model, in which the operator of noise H(p) is entered, we have:
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Therefore, if in the process of gradient search the true values of coefficients of polynomial (70) will be achieved, the process of minimization of functional (62) using the method of gradient search will proceed further, as there is still is a partial discrepancy determined by the poles of operator H(p). The extremum (62) can be achieved only due to correction of object poles in the direction of change of their signs and absolute value. It means that they will leave the area of unit circle in the left negative part of the complex plane and will accept values which correspond to an abstract physically impossible object.
From here follows that any introduction of additional operators into the identification model, as it is done in (7) and (8), is undesirable, as in this case it is impossible to create efficient software for solving applied problems of control and diagnosis of technical objects.
VI. Conclusions

Traditional computing methods do not allow to derive analytical expressions for solutions of difference equations, which are the basis for programming identification problems. Here this problem has been solved using a new mathematical method based on application of symbolical combinatory address models. The obtained results demonstrate that the functional of discrepancy of systems of difference equations contains differences of discrete poles of operators which have been entered into model. As they are located in a narrow area of the unit semicircle of the complex plane, these distances are substantially affected by noise contained in the results of transient measurements. Such noise-affected differences will enter into the functional, on the basis of which the optimization of model parameters is done using gradient-based methods. In this case, gradient search will not give the necessary results. Operators, which were unreasonably entered into model, will lead to methodical errors which will create a false extremum. As a result, the obtained numerical results will not have any reasonable physical interpretation.

It is proved that they cannot be decoded by any mathematical operation. This fact completely prevents application of stochastic models for estimating the parameters of real technical objects. The desire to identify both the parameters of object and the characteristics of noise using a uniform stochastic model is erroneous.

From the proof follows that introduction of additional operators into the model will lead to increase in the degree of singularity of the system of difference equations. The number of poles in this case will increase. The absolute value of the multiplier consisting of products of differences of poles, contained in the elements of inverse matrix accordingly will decrease. These conclusions are also confirmed by the carried out analysis of imbalance of difference equations, generated by the introduced operators.
The obtained proofs confirm the necessity of carrying out of full cycle of identification process before getting the estimations of parameters of analog object’s transfer function, instead of doing only the estimation of discrepancy of the system of difference equations. Software for computer-based identification should be based on mathematically correctly formulated models in which methodical errors are avoided.
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G. Burovs. Identifikācijas algoritmu datormodelēšana
Rakstā ir analizētas tradicionālajiem identifikācijas modeļiem, kas pamatojas uz imitācijas modeļa parametru noskaņošanu, raksturīgās metodiskās kļūdas. Šīs kļūdas ir latentas un tās nevar atklāt izmantojot gradientu metodes diferenču vienādojumu sistēmas nesaistes funkcionāļa ekstrēma atrašanai. Aprakstīta metode metodisko kļūdu analītiskās izteiksmes pierādīšanai. No tās var secināt, ka papildus operatoru ieviešana identifikācijas modelī ir nevēlama, jo tādējādi rodas neīsts ekstrēms. Metodisko kļūdu ietekmes rezultātā iegūtajiem skaitliskajiem datiem ir abstrakts raksturs un tiem nav sakarīgas fizikālas interpretācijas. Tas izslēdz iespēju izmantot šādus modeļus, lai radītu programmatūru tehnisku objektu datorizētai kontrolei un diagnostikai. Tādēļ stohastiskie identifikācijas modeļi nav piemēroti praktiskai izmantošanai. Iegūtās analītiskās izteiksmes diferenču vienādojumu sistēmas inversajai matricai ļāva izdarīt virkni svarīgu teorētisko secinājumu. Tā tika noteikti faktori, kas ietekmē no pārejas procesu mērījumiem iegūtas matricas invertēšanas operācijas singularitātes pakāpi.

Iegūtie rezultāti pierāda nepieciešamību veikt pilnu identifikācijas ciklu, tā vietā lai aprobežotos tikai ar vienādojumu sistēmas nesaistes funkcionāļa novērtēšanu. Identifikācijas procesam ir jānoslēdzas ar objekta diferenciālvienādojuma koeficientu novērtēšanu un to ticamības apstiprināšanu.
Darbspējīga programmatūra var tikt radīta tikai tad, ja tiek izmantoti matemātiski korekti formulēti identifikācijas modeļi, kuros nav metodisku kļūdu.
Г. Буров. Компьютерное моделирование алгоритмов идентификации
Исследованы методические погрешности традиционных моделей идентификации, основанных на методах настройки параметров имитационной модели. Они носят скрытый характер и не обнаруживаются при изложении методов градиентного поиска экстремума функционала от невязки системы разностных уравнений. Изложен метод доказательства аналитических выражений методических погрешностей. Из него следует, что введение дополнительных операторов в модель нежелательно, так как приводит к возникновению ложного экстремума. В результате влияния методических погрешностей получаемые числовые данные носят абстрактный характер и не  имеют разумной физической интерпретации. Это исключает возможность создания на основе таких моделей работоспособного программного обеспечения для автоматизированного компьютерного контроля и диагностирования технических объектов. По этой причине стохастические модели идентификации не приспособлены для практического использования. Получение аналитического выражения для обратной матрицы системы разностных уравнений позволил получить ряд важных теоретических выводов. В частности, были выявлены факторы, влияющие на степень сингулярности операции обращения матриц, составленных по результатам измерений переходных процессов.

Полученные результаты доказывают необходимость проведения полного цикла процесса идентификации, а не ограничиваться только оценкой функционала невязки системы уравнений. Он должен заканчиваться получением оценок коэффициентов дифференциальных уравнений объекта и подтверждением их достоверности. 
Работоспособное программное обеспечение может быть создано только при условии использования математически корректно сформулированных моделей идентификации, из которых должны быть исключены методические погрешности.
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