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Features of statements and maintenances of the researches, that stages providing creation of new
competitive or modernized systems of "stiff"* stochastic stabilization of mobile objects in space and orientation
with extremely achievable frontiers quality are discussed. A new problem and algorithms of structural
identification of required models of dynamics of multivariate object of stabilization with an arbitrariness in
dynamics are under stochastic controllable and uncontrollable influences as a base stage of planned works, are
considered more detail.

At the present stage of aerospace technics development requirements to quality (accuracy) of navigation
processes, management and stabilization of the mobile objects intended for performance of some responsible
functions are equally increasing on a number of the objective reasons. As is well known, for example [1], the
quality of just listed processes mainly depends on perfection of used onboard cybernetic complexes (measuring,
operating, special purpose, etc.) and directly on character and quality of optimal in-line employed navigation
stochastic information processing. Modern high technologies of the navigating information, arising at real object
motion processing, and optimum control (stabilization) assume aprioristic knowledge of such models of
dynamics of control (stabilization) objects in interesting traffic conditions and real stochastic influences on
object in stated conditions which describe only the major aspects of investigated processes relative to interesting
traffic conditions and quality of their performance.

It is obvious, that one of the basic and effective stages of reception of the necessary primary information
on complex dynamic object stochastic signals "input-output" which is required as a priori in problems of
structural identification of dynamics models both the most mobile object, and stochastic influences on it on the
real move is the stage of conducting of full-scale study of an off-the-shelf object prototype which stabilization
system is liable to modernization in future.

Certainly, both regular onboard and ground instrumentation for measurement of required navigation
information should be involved during such research.

The stage ends in an information acquisition and primary processing of the collected stochastic navigating
information.

The following subsequent stage, at which the models of dynamics of object vectors of signals “input-
output” received as a result of full-scaled study are directly used, is a structural identification of dynamics
models both subject of inquiry in an interesting conditions of its functioning, and dynamics models of
unsupervised stochastic revolting influences on object on the real move.

Here it is necessary to stipulate at once for that fact, that following the primary processing of the
navigation information, namely according to the force of mutual correlation of investigated navigation signals, it
is possible to judge about expediency and character of an expedient partition of investigated objects dynamics
"complete" model on separate quotients for the further proved simplification of procedures of optimal synthesis
of objects parts each stochastic stabilization systems.

The subsequent stages of systems modernization, such as synthesis of optimal structures of systems of
stabilization of object with already known object (its part) dynamics of models and stochastic perturbations on it,
and also the comparative analysis of quality (accuracy) of the modernized and existing stabilization systems are
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beyond the report. Now we shall briefly consider a new problem and algorithms of stabilization objects structural
identification.
Distinctive features of structural identification of models of linear unstable objects dynamics.

Let by analogy with work [2] the problem of identification structure and unstable linear objects
parameters is set. Only vectors of stochastic signals "input-output” of stabilized object (fig.1) are measured, and

in a considered case the non-stationary deterministic signals X, form only a part of a signals output vector X
and they settled during the experiment.

The part X, of a signals output vector, received during the experiment, represents stationary ergodic
multidimensional random process.
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Fig.1 The block diagram explaining the first stage of process of models dynamics identification unstable object.

It is obvious, that the steady part of linear object of identification can be described by the set of the
differential equations, transformed according Fourier, a kind

Rixg =Mau+ys
Where P, and My - polynomial matrixes of dimension correspondingly, which structures and parameters
are not known; X, —n-dimensional vector of random signals output , u-m-dimensional vector of input
(operating) signals, y4-N-dimensional vector of random stationary influences with a unknown matrix of
spectral density Sy N - matrix of transfer functions of an objects part which defines the transformation of

deterministic signals only and which the vector of A -input & -functions influences. In the figure block F
designates a matrix of transfer functions of the filter, that forming a command vector from a vector of "white"
noise, which is also easily settled following the experiment.

As it is already shown [2], probably to transform the structure (fig.1) to a kind (fig.2), entering
following keys.
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Fig. 2 The block diagram explaining to model of equivalent dynamics unstable object.

On the figure block Fis a matrix of the transfer function’s of filer, which form a vector of control
signals from vector of white noise and determine from experiment result’s.



So, after the number of structural transformations [2] as a result of identification it is possible to receive
the equation of motion of identifiable unstable object of a kind

x=P IMu+P1ya

or
Px = Mu + TA

So, knowing matrixes Pl_l, M, N, F and W as a result of experiment according to the algorithm, offered

above it is possible to settle structures P~'M and P71 of an unstable object.

A new problem and algorithms of structural identification of a steady part of object of
stabilization according to its full-scale study.

Let movement of steady linear multidimensional object of the stabilization, prone to influence

controllable and uncontrollable ¢, stochastic perturbation factors i, can be described by the set of the ordinary
differential equations transformed according to Fourier, a kind
Px=Mu+N& ¢ (D)

Where P, M and N - unknown matrixes of dimensions, nxn, nxm and nxI correspondingly, all elements of
which are polynoms of argument s= jw; x-n-dimensional vector of measured signals output, U— m-
dimensional vector of measured controls, ¢ - I-dimensional vector of controllable indignations, ¥ - n-
dimensional vector of uncontrollable perturbation. It is supposed, that vectors x,u,Z and y represent random,
multidimensional, stationary processes, and all required non-random dynamic characteristics of vectors x,u and
¢ are known due to experiment data and a stage of their primary processing; the vector  is beyond the reach
of measurements, but its uncorrelation with a command vector u is supposed. It is also supposed that
measurements of vectors x,u and ¢ are made by means of special optimal observers and measurement noises

are absent.
Thus, following results of the primary experiment data processing estimations of the following of
spectral and mutual spectral density matrixes are received:

Sxx’ Suuv S{C’ SXU* Suxv ng’ Sx;: Su;: S;u (2)

Using required matrixes from the series (2) by means of Wiener-Khinchin theorem [1] we shall estimate the
transposed spectral and mutual spectral vectors density matrixes which are in indexes of the determined
expressions.

Six = PTIMS| MxPit + PTIMSE NePt + PTINS  MuPct +

-1 ' -1 1o -1 (3)
+P NSCCN*P* +P S‘V\V %

S,y =PIMS,, + P‘le;Jg (4)

Six =P IMS)y, +PTINS), ©)

Where "*" - a sign of hermitian conjugate interfaces.
It is obvious, that P~*M, P™*N and S’W in expressions (3), (4), and (5) remain unknown.

In common Solving the set of the matrix equations (4) and (5), conjointly we shall define a matrix PIM
of transfer functions of the system from controls to an output and a matrix P~IN of transfer functions of system
from controllable perturbation to an output, whereupon we shall write down them in the following way.
- ’ ’ ’ - ’ ’ ’ ’ - ’ 1 .
PN = 815 — Stx(St0) 0 St ~ St 0 | ©

PIM =[St St (Stu) St} [55c ~ St (S 8t )
Substituting matrixes (6) and (7) in expression (3) and resolving it concerning a unknown matrix, we
shall receive:
PSPt =Six— PTIMS  MuPit — PIMSE NP PTINS  MuP — PINS NG @)
Supposing, that the image of a vector y of uncontrolled perturbations can be presented through unknown
structure of the filter, which forms a vector from a vector of "white" unit noises like.



y =YA ©)
Having substituting on expression (9) in the structure (8) and making factorization received expression
according to Davis [1] we shall define a matrix of transfer functions of object from a vector A to an output like

P2 =[S} — PIMS MxPr L — P IMS}, NAPr 1P INS | MLPi L — PINS N, ;lL (10)

where a symbol "+" - a sign of expressions factorization (8).

Knowing matrixes (6), (7) and (10), it is possible to rewrite the desired equation of motion (1) in the
following way

x=P IMu+P7INg+P 1WA (11)
Equation of motion in the form of (11) is made up unambiguously. Representing the equation (11) in
the form of (1), it is possible to receive a number of "equivalent™ sets of the differential equations, an
investigated objects describing dynamic.

The special case of the problem is back of controlled perturbation. it is obvious, that the
algorithm of structural identification in that case looks as follows:

P™IM = S{x (Su) (12)
P =[S}~ 1St S (13)

And the equation of motion of a kind (11) will become:
x=PIMu+P 1WA, (14)

Some results of experimental researches of the helicopter with the cargo suspension bracket
under the hovering conditions with the purpose of structural identification of the dynamics models.

Within the limits of the report it is difficult to cover all aspects of the primary processing and (structural

identification) of the navigating information received during the experimental researches of helicopter Mi-8 with
a cargo suspension bracket under the hovering conditions.
In the report text just some results and conclusions, rather significant in our opinion and concern structural
identification of both dynamic behavior of stochastic signals "input-output™ vectors helicopter Mi-8 with a cargo
suspension bracket, and models of dynamics of the helicopter with a cargo suspension bracket and the
uncontrolled stochastic influences acting on it in under the hovering conditions will be presented.

The sufficient extent of actual observations and actual results of test is partially presented in
presentation report materials. On the basis of the lead experimental researches and estimations of efficiency of
the developed structural identification algorithms it is possible to draw following conclusions and guidance’s:

Tab.1 Analytical a designation of mutual factors Tab.2 Value of factors of mutual correlation of the registered
correlation parameters

[0 s M Hep Hes B B Bt M, fy K] 1. 0.0780.316 0.74 0.4440.2650.5680.3590.4860.2030.2340.172
oy L s s fas fhs me e fy my He | 0078 1. 0.3140.2970.0790.1370.1670.202 0.29 0.0570.0210.186
o e ) 03160314 1. 0.304 0.310.8220.5610.2570.3570.1560.4690.119
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Hsps, Mo, Hos, 1 Hos, Mo, Ho, Hyo, sy Hosg Hoo, Hos, 0.4440.079 0.31 0.131 1. 0.4940.0450.217 0.1 0.5550.3780.387
Hsyg  Hsg  Hsg  Hsg, 1 Mgy, Hyg  Hyg  Hag  Hag  Hg  Hog, 0.2650.1370.8220.3630.494 1. 0.350.2590.1450.1790.6570.215
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dTAR TR TR TRE T . 0.486 0.29 0.3570.379 0.1 0.1450.9170.057 1. 0.0430.092 0.02
oy Foy  Foy Fay Moy Hry Hy Ho My Hy Fy | 10.2030.0570.1560.0710.5550.179 0.12 0.3750.043 1. 0.2460.227
Pog  Hso Moz Hspo Moo Moo e Mg 1 My o Me | |0.2340.0210.4690.5930.3780.6570.2920.1780.0920.246 1. 0.253
Mo Mo Mo Hsg Heg Mg Mo Mg Hy 1 fg H, | [0.1720.1860.1190.0670.3870.2150.032 0.18 0.02 0.2270.253 1.
Boy Moy Hsy Hsy Moy Mo By By My Hg o Loopy,
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This results exert influence on change of classic notion upon characters of helicopter with a cargo
suspension vectors “input-output” correlation.
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Fig.3 Examples of some spectral and mutual spectral density and their approximations by is
fractional-rational functions.
Approximations of the spectral and mutual spectral density on fig. 3 have next view
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The conclusion:

1. Having traditional means of stabilization of the helicopter with a cargo suspension bracket, it is
impossible to secure the so-called "rigid" stabilization of the helicopter in space and in orientation. Stabilization
errors have stochastic character, and their random components, which actually limit echelons of stabilization
accuracy, reach significant values. Presentation materials visually illustrate foregoing.

It is obvious, that the new optimum regulating systems created on the basis of modern stochastic information
processing technologies are necessary for suppression of random influences on object of stabilization, which a
certainly exist.

2. In authors of the report opinion, the fact of strong mutual correlation of all synchronously fixed
navigation parameters of the helicopter and a cargo (see the coefficient of parameters cross-correlation table),
cleared-up during experimental researches of the helicopter is very important. This case sharply changes
traditionally prevalent idea of so-called "strong™ and "weak" interrelations between coordinates of the object of
stabilization and certainly should tell on the principles of a partition of the general objects dynamics model under
an investigated traffic conditions on partial models with the purpose of simplification of the subsequent
procedures of synthesis of regulating system, which use received models.

3. At the stage of structural identification and the subsequent synthesis regulating system of optimal
structure it is expedient to use all received information on investigated navigation parameters, i.e. all set of
matrixes of spectral and mutual spectral planes of vectors of objects stochastic signals "input-output™ for
ensuring the maximum precision frontiers object stabilization. It is obvious, that this case will require essential
correction of computational procedures of identification and synthesis, used at present.

4. If supposing, that mutual correlations of parameters are small, in view of that the coefficient of cross-
correlation is <0,25 then the general model of dynamics of the stabilize helicopter can be dismembered on two
partial: the model, corresponding to a subsystem, respondent for the control of the center there helicopter’s mass
only by means of control elements(the special case of the structural identification algorithm offered in the report
is used); the model of a subsystem, respondent for orientation control, results of which on the influence of both
displacement of control elements, and nature of a cargo oscillations(the structural identification algorithm
represented in the report should be used).

5. Science-based and convenient in practical application technology of structural identification of models
of dynamics of stabilized object and the stochastic perturbation acting on is offered it. This technology allows to
operate effectively at the stage of structural identification of models of complex objects dynamic according to
full-scale study of the prototype of object under the interesting traffic conditions.
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