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Identification of system, i. e. determining their struc-
ture and parameters by observation, is one of the major problems of modern
theory and technique of automatic control. In order to determine the unknown
dynamic characteristics of a particular object or system, the relation between
the input and output quantities must be represented in mathematical terms.
At present, no common classification of identification problems and methods
for their solution exists. The identification methods develooed differ in tvoes
of identifiable objects and tuned models, and, partly, in criieria of identifi^ca-
tion quality, and, especially, in identification algorithms [1].

This work deals with a method for mathematical modelling of linear
control systems, intended for linear dynamic object identification. This me-
thod also helps solve the problem of defining an optimum model whose output
response approaches closely the output response of the identifiable object.

The method allows determination of the response of a dynamic object or
system to the input stimulus, using mathematical modelling on a microcompu-
ter system [2]. The investigated signals are subjected to linear filtering. The
results are estimated by a criterion of identification qualitv. On the basis of
the optimum model paiameters, a physical model of a lineir tracking system
as a separate module of a microcomputer system is developed, using electro-
nic components.

tracking system with one input and one
andom stationary process, independent

;"fi1ll"iirton 
of such a system with a

e system in Fig. 1 is accomplished on
input action r(t) and output signal

A@ npilVing the model developed, the parameters of the models of the hu-
man operator (HO) and the controlled object are determined such that the con-
dition-of optimurn tracking be fulfilled, namely the difference y"(t) between
the output signal of the physical system a(t) and the output signal of its model
y6l; tends to zero at any moment l)0 of the system operation:

3 Aeporocuauecxfi lrscne,Asaul.rrr, 9 33



v8

'uorlpruJoJsue Jefqns eJp ,p_apnlJur esrou ,salqeltun 
11y

-oq oq+ ruorr i:iJ,",0",.;',1"'"u1*fi#i,i,:yi.{i#lHl: -IJJeoo lq8ta.tr n 01 so dser rue+s^s Jo +as n si (r_l),,i .l.q^
I ,tp(t-fi8(r)t):G)n (g)

ue,tp uorl'rnp oy:,j1BijiF?:E:, 3:';'$';:r?1 'leu8rs lndur,,t.tejlrqn ub oi'J .Frg ur' orno errl 'ue1s[s otoqa eq] ;o.uorliuni ;i;j;'",r.q^
'(d)m@rc(D( (r)

sB paurJep sr Iepou ua1s,{s eql Jo leuFrs 1nd1no aq1
'G)u+@)'nG)a:G)n (s)

.(d1tt^ 
On-(fu:@a (z)

:ura1s.{s eq+ Jo leuFrs 1n
eql sl Iepou rolerado ue
-peal eq+ sr (d)4r21 .d1e,r

poqrJcsap eru lcefqo 1or1

.0*-@(,-(ilfr:@"fi (r)

t'Flc

uelsAs
lPstsruJ

| :. ! l1) u



The spectral noise component can have a magnitude, commensurate to the mag-
nitud-el of the linear r-eaction of the human operator model. Expression (3)
can be rewritten in the form

(6) u(irrl):\v,(ja) E(ituo)*N(iruo).

The basic procedure employed in the mathematical modelling is linear
filtering. The dynamic process of a given system is modelled by a set of filters
with linear operators Fi and weight coefficients ri(t). The output response

0@ of the model is determined as asum of the output responses of the filters:

(7) 0 U)':>lFi*r(t1)1,
where the symbol (*) denotes the linear operation F over r.

The clais of lin<iar filters is described'with the convolution integral (3).
A discreet analog of the convolution is the expression

(8) 0 Q,):> g(ti-") r (t), i:1, 2,. . . ,n,

in which the pulse transition function g(t) can be replaced by the,frequency
response of a linear filter F;. This fol ows from the properties of the Fourier
transf ormation.

The filters employed can be oi different types. In.order to obtain the best
correspondence befween the output response of the physical system y(t) and
the output response aftl Ul. of the model with a small number of filters, the
pulse characteiistics-rirust'6e similar to those of the system investigated. This
match is estimated with the criterion of identification quality:

(9) J (c):t14 {Flg"(t), cl},

where F [,] is the loss function, and M {,} is a symbol of mathematical expec-
tation.

In the method considered, a quadratic loss function is employed, since
it leads to relatively simple lineai estimation algorithms. So criterion (9)
takes the form

(10) l (c):M{Fly!(t), cl}.

The minimizalion of the quadratic criterion (10) is the condition for op-
timim tracking and corresponds to minimization of the mean square mismatch
error

(11)

where Z" indicates that
The- criterion, thus

of the separate units,
An ootimum model

which the mean square

":ll,s1t,1-i{il]"''

r n 12 ltlz
I y aus_j1t,ll )Li= ll

:ll u -011"",

the norm is in Euclidean space.
defined, is a function of parameters c:{cr , c2,. . ., ch}
i . e. e:l(c).
of the system is obtained at a set of parameters c for
mismatch etrot g"(t) reaches a minimum value, i. e.

(12) minll(c)l:min

Parameters c are determined by equating to zero the partial derivative:
of the function I with respect to c and fisolving the set of equations obtained
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cant advantage of this method is that simultaneously with the estimation of
the identification quality by the criterion selected, the stability of the system
in the specific frequency range is checked, too. At the same time, the suggest-
ed method of mathematical modelling makes possible the confinement of the
possible realizations within the tolerable values ol the technical units and the
assessment of the parametric sensiiivity to detuning of individual components.

This method is applicable in designing and investigating a wide class of
complex technical systems under severe operating and economical limitations
and, in particular, systems, related to space research.
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MeroA 3a MareMarr4qecKo MoAeJrr4 paue
HA TI4HEfiHI4 CIiCTCVII4

3a aBTOMaTr4qHO VnpaBJIeHr.re

Tonac 3dpaeee, !,opa Kpeucoea, fiptiuo lTemrcoe

(Pesrcrvre)

C paspa6oreHr.rq MeroA 3a MareMarllqecKo MoAeJII,IpaHe ce
pe[aBaT 3aAaqr.lTe sa ra4euruQvKaI].:[rfl Ha lxI,IpoK Kr'Iac c[cTeMr,I 3a yrrpaBJIeHHe.
Tosz MeroA AaBa BT,3MoxHocr Bb3 ocHoBa Ha [porpaMHo peaJrr43r4paH MareMarlz-
qeH MoAeJr Ha JrI4HeriHa AT4HAMll1.qHa Cr4CreMa Aa Ce OnpeAeJrrz peaKUrlffa i Ha nxo4-
uoro nrs4ericrBrze. O6pa6orrara Ha HscJreABaHrzre cr4rnarrv ce z3B6prxBa Ha TIpLIH-
rlr4rra Ha ,ruseftHara $ra"nrpaqnn B qecroTHaTa o6ilacr. Bt,e ocHosa Ha us6pat
xprzrepuii 3a KaqecrBo ua z4euruor4Kar\uflra ce orleHfBa I43xoAHara peaKUI4n Ha
MOAe,'ra Ha cI4CTeMaTa U qpe3 I4TepaTr.IBeH aJrropr4TibM Ce onpeAeJrfT onTI4MaJIHI4Te
rrapaMerplz Ha cllcreMara. Mero4rr 3a MareMarl,IqecKo MoAeJrrzpaHe rro3BoJInBa Aa
Ce OfpaHI4rIaT BT'3MOXI{I{Te peaJII'I3aUW]r4 HA MOAe,lII4Te B paMKI4Te Ha AOIIyCTI'IMI4Te
croftHocrr4 Ha rext{llqecKrre 3BeHa I,r Aa ce orleHqBa [apaMerp[qHara qyBcrBIzreJI-
Hocr Ha BceKr,r MoAeJr KtM pa3crpofixa ga orAeJrHrzre KoMloHeHTr.{
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