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Abstract: In the paper, an approach based on the invariant embedding method for the non-stationary
plant identification is considered. Synthesis of continuous and discrete time algorithms of the non-
stationary dynamic plant identification is implemented. Program code implementation and testing of the
algorithms obtained is done, and recommendations on their adjustment are formed. By use of the
algorithms obtained, an estimation of the gain (transfer constant), time constant, and damping decrement
of the servodrive and glider of a revolving unmanned aircraft is implemented. For a comparison, an
estimated obtained by the linear Kalman filtering is also presented. The account of limitations on output
coordinate provides more exact estimation of a transmission factor of the dynamic object.
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1. INTRODUCTION

The important task at research of the object of handle is the
estimation of its characteristics by results of its trials on the
basis of the measured informational signals u(t) and z(t) (see

fig. 1). The task of an estimation of parameters of the object
becomes complicated, if are available limited output (hard
limitation in observation equation). For example, the
estimation of characteristics of the servodrive of the pilotless
spinned flying device is carried out on signals of handle and
signals from an output of the sensor of angular position of
rudders. Thus angular position of rudders hard limitations are
imposed. Not the registration of these limitations can lead an
inexact estimation of a transmission factor of the servodrive
(Ponyatsky, 2008b).
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Fig. 1. The Dynamic Object.

Generally the control object can be described by the
following system of the nonlinear differential equations:
X(t) = fx(t),u(t), t]+ GIx(t), t]w ; 1)

z(t)y=H(t)X(t)+ v,

where u(t) is a vector of control actions; z(t) is a vector of
observable signals; X(t) is an extended state vector including
parameters of dynamic objects; W is a vector of shaping

noise of intensity Y,,; V is a vector of measurement noise
of intensity Y, ; G[X(t),t] is a matrix of coefficients.

It is necessary on measured entry signals (a vector of handle
U) and output signals (a vector of observation z), at known
structure of the object (matrixes f, G) and a meter (a matrix
of observation H) to receive an estimation of units of
matrixes f, G.

2. INVARIANT IMBEDDING METHOD

The continuous algorithm of invariant imbedding for a
simultaneous estimation of state and parameters of dynamic
objects (1) has the following form (Sage and Melsa, 1974).
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where X, (t) is an estimation of the extended state vector;
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P(t) is a correlation matrix of the filtering errors.

The algorithm of invariant imbedding for a simultaneous
estimation of state (y) and parameters (K,w=1/T) of the

dynamic object in the form of aperiodic link is defined by the
following vectors and matrixes (Ponyatsky, 2007a):

X0:|X10 K, wo|T; H:|100|; Z=27; V=Vi; Yy =V,

T
W:|W] Wy W3| 5



Kro("oro 00 W1 0 0
GlX,(0.t]=| 0 10]; W= 0 Wy 0
0 01 0 0 Wys
— X10Wro +Kr0wr0u of ~ W Wl — X +Kr0u
f= 0 ; = 0 0 0
X,
0 0 0 0

The identification equations will have the following form (2):
2y ==Z2oWpo + KpoWrou + Pp(z—2,)/Wy;

Ko =Pia(z-20)/@y; &)
U.)O = P13(Z—Zo)/wv >
where K, =K, +Ki0, =W, +wps K, 0y,

program values of parameters.
The equation for variance of error:
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In case of presence of restrictions on an output coordinate

(see fig. 2) for a vector of observations it is possible to write
down following expression (Ponyatsky et al., 2009):
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Fig. 2 The circuit design of dynamic installation with
restriction on an output coordinate

Then the algorithm of an estimation of a transfer ratio and
time constant under constraints in an output coordinate will
have a following appearance:

Zy = =ZoWyy + KyoWyou + Py (z - Zgo)/lpv;

K, = P12(Z_Zgo)/q"v; “)

W, = Pl3(Z_Zgo)/l'pv >

where Zgo (1) - estimation of an output coordinate,

Z min » Xlo(t)<zmin;
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Zmax> X10(t) > Zmax -

The equations for a dispersion of a mistake in this case look
like:
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where
0, X10 (1) < Zpmin s

H= H, Zpin <X10(t) < Zpmax;
0, X10(t) > Z pax -

The offered algorithm of identification based on a method of
invariant imbedding, allows to directly receive state
estimations and values of time-dependent parameters of
nonlinear dynamic object

3. RESULTS

The considered method can be wused at identification of
models of dynamic objects using results of processing bench
and full-scale experiment. For operative estimation of the
characteristics of servo as a part of the aircraft control system
the identification is performed in the form of linear time-
dependent models of the low order. The identification of
parameters of full nonlinear model is required to analyze the
servo design operation. In this case the identification can be
carried out stage by stage: first the processing of the bench
test results with tentative assessment of the object parameters
which don't depend on external effects is carried out. The
final estimation of parameters of full model is performed
after flight tests.

A program system has been worked out in the form of the
program for OS Windows in medium of programming Visual
C++ and Visual C#, realizing the classical algorithm of the
dynamic objects identification in the form of time-dependent
linear models (Ponyatsky and Oberman, 2003b; Ponyatsky et
al., 2009).

It is possible to carry that it is included in composition of the
closed contour of a control system to habit of a prototype
system, i.e. management of the aircraft is carried out
according to measured coordinates. Besides research is spent,
as a rule, in conditions of passive experiment. However
arrival signals on the servodrive and the sail plane are non-
stationary both on amplitude, and on frequency, as operating
signals npomoaenupoBansl the rotational speed of the aircraft
changing on flying time. Handicapes of measurement of
coordinates of the aircraft during its management negatively
influence quality of management, but allow to carry out an



estimation of parameters of the servodrive and the sail plane
(Ponyatsky et al., 2008a; Ponyatsky 2008b;Ponyatsky et al.,
2009).

The results of estimation of time constant and the servo
transfer ratio on a signal from the servo input and on a signal
from the controls angular position sensor are given in Figure
3. As follows from given data, the estimation obtained by
means of the invariant imbedding method (Tj;, ) gives a

smoother law of the parameter change with lower
fluctuations in comparison with the Kalman filtration ( Ty )
(Ponyatsky, 2003a; Ponyatsky and Nadezhdin, 2007b).
Results of an estimation of a transfer ratio of the servodrive
in view of ( K;im) and without taking into account
restrictions on an output coordinate (K;;,, ) are resulted. The
account of restrictions on an output coordinate provides more
exact estimation of a transfer ratio of the servodrive.
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Fig.3. Results of estimation of time constant and servo
transfer ratio by means of the invariant imbedding

method ( T, ) and the Kalman filtration (Tyy); K;im -
in view of restrictions on an output coordinate; K;;, -

without taking into account restrictions on an output
coordinate

5. CONCLUSIONS

With use of the developed programm complex the estimation
of a transfer ratio, time constant and a damping ratio of the
servodrive and the sail plane of the pilotless aircraft twirled
on a roll is lead (Ponyatsky et al., 2008a; Ponyatsky 2008b;
Ponyatsky et al., 2009). Comparison of these estimations
with the estimations received with use of algorithms of
identification on the basis of linear filtering Kanmana (Ljung,
1991; Ponyatsky, 2003a; Ponyatsky, 2004a; Fatuev et al.,
2004b), has shown, that the method of invariant plunging
gives more smooth and with smaller fluctuations an
estimation of factors (Ponyatsky and Nadezhdin, 2007b).
However, the method of filtering Kanmana is more resistant
to, and at use of a method of invariant plunging the task of
initial oncoming of a vector of the expanded condition of
installation is necessary. In case of the account of restrictions
in an output coordinate the algorithm of invariant plunging
(4) in comparison with (3) provides more exact definition of
a transfer ratio of installation of management.
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