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Abstract—Modern systems of management, optimization and forecasting of production require new
algorithms of work and evaluation of systems and processes. When solving problems, in the absence of a
priori information, there is a need for the use of effective methods of parametric identification. The
accuracy of the existing classical methods of identification depends on the availability of certain
information regarding the characteristics of the signals, in particular, on the law of the distribution of
random error of measurement, and therefore in the real processes are ineffective. There is a need to
apply methods that provide more accurate estimates of the parameters of a mathematical model of the
object under study in time-limited and non-sensitive data, about noise variables and control impacts. The
estimation of parameters is carried out using the integrated method of least squares, which provides
smoothing of the external influences of the model under study on the results. The effectiveness of the
method under consideration is confirmed by comparison with the least squares method. The optimization
of the parameters of the weight function according to the external criterion has been made, at least the
norm of the difference between the estimates of the parameters of the pair and odd sequences. The
analysis of the dependence of the accuracy of the estimations of parameters on the choice of coefficients
of the weight function is carried out.

Index Terms—Parametric identification; ordinary least squares; unbiasedness; estimation efficiency;

modification of ordinary least squares; weight function.

I. INTRODUCTION

The development of science is characterized by
the significant development of methods and means
of identification from simple approximate manual
[1] to more complex and accurate [2], which use
modern automated data acquisition and processing
systems (ACID) using powerful computers and
intelligent primary transducers (sensors). This
allows you to significantly increase the frequency of
questioning sensors, the speed and accuracy of
information processing, increase the informativeness
of data in limited time samples. However, the
natural properties of real objects (not autonomy,
non-stationary, non-linearity of the interconnections
of the changing states, infinite dimensionality, etc.)
do not allow the construction of models that are
identical to the real object. The most advanced
ACID has the ability to observe only a limited set of
variables of the state X(¢) of the object. Any model
only approximates the interconnection of the

components x,(t), i =1, n, n-dimensional vector of

the function X(f) and the m-dimensional vector
function U(¢) of the input effects:

X*(t)=f(X*(2), U*(1), 1), (1)

where X *(¢) is the velocity vector of the change.

For the limited deviations AX*, AU * from the
basic mode (X,, U,) and the presence of natural
smoothness of the map f, the model (1) can be
supplied with the error &*(s) of the linear
stationary:

AX*(t)= A4, X *(t)+ BU *(t)+e*(t), (2)
or its scalar representation:
5 7(1) =X (1) + Y AU, (1)
Jj=l k=1

+g *(1),

)

i=1,n
II. PROBLEM STATEMENT

The task of parametric identification consists in
determining the estimates a,, b, of coefficients

a., b

;» by with a minimum of the error & *(¢)

functional 7. It is logical to take as the average
square error g, *(¢) in the interval T of observation

as I, where the exact values of the corresponding

variables appear in (1), (2), (3). Then, as the best
model (2), there will be one whose coefficients
a,, b, are calculated by the least squares method

/A
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(LSM) for the exact data, X *(t), X*(t), U*(®). If it
is possible to directly measure or calculate X *(t),

then formally dynamic models (2) and (3) can be
represented as regression ones. For example, each
ith line (3) of system (2) is represented as:

y*(k)= %Bx*(k)+s*(k) “4)
where y*(k)=Ax, *(k),
Ax; *(k), AU, *(k), B,

equation (3), k is the number of the discrete ¢, of

x,*(k) includes a set

includes a set a;, b, in

timet, k=1, m.
Thus, theoretically, the best estimate of the
vector f3 of the parameters a,, b, of the simplified

model (3) will be the LSM estimate [5] under the
condition of accurate measurement of variables:

p=(() x2) (e )

However, the LSM evaluation of the parameters
is not without disadvantages, especially in a
situation of random perturbations that arise in all
real processes. The LSM estimates are the
coordinates of the minimum point of the functional
g'e. Since the functional is a square value of ¢ that is
averaged over the finite interval 7, which is a

mixture of a useful signal ¥ —X'B and random
perturbation N, — N B, it is not a precise function as

aBk_[ (e)j %D ¢ (14.0) 4 o) ) (B

Let’s obtain a system of equations:
Ap =B, (8)

where A4 is the matrix nxn with elements a,; B is

matrix-column nx1 with the elements b, :

Zn(l)z[( (G +0)% () +% ()% G+D],

b, —Zn(l)Z[( J+0)x (1) () G+ |

The solution of system (8) gives the required

estimate B :

B=A-B. )

J) dtdd= jn(e)j —x, (¢

k -7

a function of P. Therefore, the operation of

differentiating %(STS) a noisy function £'e is

incorrect [4]. This is precisely due to the low
accuracy of LSM estimates on short, very noisy data
samples Y, even (as required by LMS) for exact X*.

III. THE METHOD PROPOSED TO BE USED
IN REAL CONDITIONS

The disadvantage of LSMs is the spread of
functional values of /. This can be done by
additional ~ averaging over the set of
quasi-statistically independent functionals close to
the mean square value for the exact data. Such
functions can be mean products

%!g(r) &(t + 0)dt,

shifted in time ¢ to the interval 6 average product
range. Averaging them in the interval [—rl,rl] , let’s
obtain the following functional:

Tl

I= | n(e)js(t)g(t +0)dtdo, (6)

where n(0) is the weight function.
From the necessary condition for a minimum

with respect to B3, , k= 1L,n of the exponent (6):

{ (+0)- ZBx(HG)}
+(-x, l+9){ ZB } 0, k=Ln.

0

(7

The weight function n(m) can be found in the
class of finite functions that are symmetric with
respect to m = 0 (such that n(0)=n(£m, ). For
example:

n(m)=n(m,y,0)=(1+|m))’ (1 cos| |J (10)

where 6 e(+0), y €(0,00), m,, is determined when:

(11

The parameters 6 and y are optimized for the

det| X" (X, +X., )]=0.

main (external) exponent / [3], [5]. The parameter y

affects the width of the pulse n(m), and 0 its
asymmetry relative to the maximum (Fig. 1).
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n TABLE I
L___ i e i o _i_ - THE RESULTS OF ESTIMATING THE PARAMETERS FOR
— :L s - NOISINESS OF INPUT AND OUTPUT VARIABLES
““':'“ T "i““ Estimations by the
VA B i No Least squares method proposed method
-10 I 0 Tl 10 0 10 By B, B, B,
a b 1 0.4790 0.4981 1.0282 0.9094
2 0.4607 0.4493 1.0179 0.8844
N , 3 0.4843 0.5663 1.0916 0.8435
1 _:r ——1:—— _i_ __ 4 0.5024 0.5401 1.0020 0.9290
| _L_ _i_ iR 5 0.5246 0.4659 1.0313 0.9798
: ! ! 6 0.4997 0.5058 1.2904 0.7437
TARER Y AR\ 7 04849 | 0.5255 | 0.7093 | 1.2307
6% ! 5 8 0.4919 0.4431 0.8283 1.1910
9 0.4676 0.4856 1.0825 0.7197
c d 10 0.4642 0.6015 0.9653 1.0112
. . B 0.4860 0.5082 1.0047 0.943
Fig. 1. Dependence n(m, 6, y): (a) is 6 =0, y=0.1;
(b)is6=0,y = I;(c) is6=-2,y=0.1; c;_ 0.00038 0.0026 0.0241 0.0283
(d)is0=2,vy=0.1 o, | 0.0197 0.0511 | 0.1551 | 0.1682

IV. COMPARISON OF LSMS AND THE PROPOSED
METHOD IN THE IDENTIFICATION TASK

The quality of parametric estimation is affected
by the degree of interrelation of the variables x,(¢),

i=1,n and not by their number. Therefore, let’s
confine ourselves to a simple example. The equation
describing the process is presented in the form (4),
where:

v (k) =B, *x *(k)+B, *x, *(k); k=1, 1000 ;

Bi*=B,*=1; xl*:sinLk; xz*:sin[ﬂ—k+£).
500 500 6

On measurements y(k), x(k), x,(k) white
noise is imposed — random numbers with uniform
distribution in the range [£1]. For an objective
estimation of the displacement and spread of
estimates P;, [, ten statistically independent
realizations of noise are generated. The results of
identifying the coefficients [;, [, for the least
squares method and the proposed method are given
in Table 1. Estimates of 3, and 3, by LSM (Table I)
are underestimated by almost 50% (9). However,
there is a regularization [6]: the spread o of

estimates B, is 0.02 and 0.05. In the proposed
method (TableI), the estimates are almost
unchanged: 1.005 and 0.943, but the spread is
greater than in a regularized LSM (0, 15, 0.16).
Reducing the spread is possible due to a compromise
between displacement and dispersion by changing
the parameters 0 and y weight functions.

In the case of noise only in the original variable
(Table II) (ideal situation for least squaresmethod),
the estimates are unbiased, but the spread of the
estimates for this method (0.07 and 0.09) is greater
than the spread (0.05 and 0.08) optimization of

parameters 6 and y of the function n(m). In the

case that there is an opportunity to optimize n(m)

[4], the gain of the proposed method in the sense of
unbiasedness and the effectiveness of estimates
relative to least squares method is much larger.

TABLE I1

THE RESULTS OF ESTIMATING THE PARAMETERS WITH
NOISINESS OF ONLY THE ORIGINAL VARIABLES

Least squares Estimations by the
No method proposed method
By B, By B,

1 0.9781 0.9212 0.9497 1.1019
2 1.0541 0.9371 1.0234 0.8554
3 0.9329 1.0817 0.9825 1.0618
4 1.1181 0.8819 1.0111 0.9132
5 0.9847 1.0327 1.1907 0.9807
6 1.0009 1.0192 1.1018 0.9823
7 1.1549 0.8258 0.9866 1.1244
8 0.9407 1.0765 1.0216 0.9879
9 0.9578 1.0823 0.9639 1.0861
10 1.0007 0.9412 1.0961 0.9946
B 1.0123 0.9800 1.0280 1.0089
o ;_ 0.0055 0.0083 0.0027 0.0073
Oy, 0.0744 0.0911 0.0522 0.0854
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V. OPTIMIZATION OF PARAMETERS OF WEIGHT
FUNCTION BY EXTERNAL CRITERION

The accuracy of the estimation [3; and 3, depends
on the choice of the parameters 6 and y of the
weight function. To select the parameters of the
weight function we use an external criterion [5] to
verify the stability of the model. To do this, we
break down the resulting sequence of data into two
sequences containing paired and odd values of &
respectively. The external criterion for evaluating
the parameters of the weight function is the
minimum of the norm of the difference between the
estimates [3; and B, respectively, of the pair and odd
sequences:

Az\/(B” _B12)2 +(Bz1 _622)2- (12)

The results of choosing the parameters of the
weight function in the situation of noisiness of the
input variables are presented in Table III. According
to research A—min at 6=-1,y=0,1 (Noll).
Estimating the parameters across the sample gives
the following results: f,=0.9868 and, B, =1.0416
which confirms the approximation of the estimates
B and B, to the given unit parameters.

TABLE II1

THE RESULTS OF ESTIMATING THE PARAMETERS
FOR NOISINESS OF INPUT VARIABLES
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3 /]01 (0 1,0880 | 1,2146 | 0,3031 | 1,1657 | 0,3876
4 | -1 0 0,6070 | 0,7356 | 1,3892 | 1,0588 | 0,9541
5 |2 0 0,6471 | 0,7220 | 1,3979 | 1,1571 | 0,8663
6 |0 0,1 | 2,1720 | 1,9175 | -5,985 | 2,1598 | -8,143
7 10 1 3,2159 | 0,7330 | 2,5885 | 0,3594 | 5,7827
8 |2 1 0,4904 | 1,2884 | 1,3455 | 1,1805 | 0,8671
9 |-1 1 0,7651 | 0,9306 | 1,0297 | 1,0057 | 0,2683
10 | -1 0.1 | 0.6040 | 0.7329 | 1.3817 | 1.1592 | 0.9538
11 |1 0.1 | 0.5567 | 0.9800 | 0.7347 | 1.2018 | 1.2453
12 | 2 0.1 | 0.3439 | 0.9479 | 1.0210 | 1.1673 | 1.2858
13 | -2 0,1 | 0.5835 | 0.7432 | 1.3776 | 1.1514 | 0.9606
14 |2 1 1.0899 | 1.0149 | 1.0823 | 1.4338 | 0.0762

In the case of noise in the input and output
variables (Table V) A—>min at 0=-1y=1.

Accordingly, the estimates are equal to f3,=1.12
and B3, =1.09.
TABLEV

THE RESULTS OF ESTIMATING THE PARAMETERS FOR
NOISINESS OF INPUT AND OUTPUT VARIABLES

NO 9 y A B]l B]Z BZ] BZZ

1 1 1 0.3319 | 0.8670 | 0.6582 | 0.9056 | 0.9879
2 0.1 1 0.8235 | 0.8515 | 0.5313 | 0.8777 | —0.291
3 010 0.1508 | 0.8429 | 1.1969 | 0.8978 | 1.0565
4 -1 [0 0.1817 | 0.6988 | 0.5461 | 0.6651 | 0.7246
5 2 10 0.2342 | 0.7337 | 0.4244 | 0.5566 | 0.5570
6 0 0.1 | 0.2748 | 0.8421 | 1.2088 | 0.8495 | 1.4835
7 0 1 4.9171 | 0.8458 | 0.4847 | 0.8850 | 5.4016
8 =2 |1 0.1711 | 1.3970 | 0.9374 | 1.2481 | 1.0217
9 -1 |1 0.1516 | 0.8216 | 1.2855 | 0.7816 | 1.1393
10 | =1 | 0.1 | 0.4302 | 0.9215 | 0.7130 | 0.9832 | 1.1388
11 |1 0.1 | 0.1058 | 0.8990 | 1.0929 | 0.9157 | 1.1974
12 |2 0.1 | 0.2276 | 0.9163 | 1.0363 | 0.9328 | 1.2634
13 | =2 | 0.1 | 0.2576 | 0.8727 | 0.7765 | 0.8848 | 1.0339
14 |12 1 0.4176 | 0.8737 | 0.6426 | 0.9209 | 1.0576

In the case of noise only in the output variable
(Table IV) A —> min at 6=2, y=0.1. Accordingly,

the estimates B, =0.9889 and

B, =0.9515.

are equal to

TABLE IV

THE RESULTS OF ESTIMATING THE PARAMETERS
FOR NOISINESS OF OUTPUT VARIABLES

No 9 y A B]l B]Z BZ] BZZ
1 1 1 0.7335 ] 0.8363 | 0.8277 | 0.9961 | 0.1118
2 101 )1 1,7781 | 0,7760 | 2,0047 | 0,5531 | 2,7688

No e y A B]l B]Z BZ] BZZ
1 1 1 0.4755 | 1.4865 | 1.1689 | 1.1667 | 0.8170
2 0.1 |1 1.1601 | 1.3682 | 1.2027 | 1.1277 | 0.0678
3 0.1]0 0.3754 | 1.2932 | 1.2396 | 1.1364 | 0.8985
4 -1 0 0.1780 | 0.7635 | 0.7344 | 0.9407 | 0.7515
5 2 |0 0.1715 | 0.4964 | 0.6020 | 0.609 0.5535
6 0 0,1 | 2.5027 | 1.3128 | 1.2043 | 1.0437 | -1.283
7 0 1 1.8355 | 1.3581 | 1.2075 | 1.0881 | -0.608
8 -2 1 0.1594 | 1.1643 | 0.9791 | 1.2125 | 1.1311
9 -1 1 0.0888 | 1.2805 | 1.3208 | 1.2072 | 1.2707
10 | -1 0.1 | 0.1801 | 1.0825 | 0.9912 | 1.2152 | 1,1130
11 |1 0.1 | 1.0191 | 2.1536 | 1.0670 | 1.1378 | 0.9848
12 | 2 0,1 | 0.9161 | 0.207 1.2066 | 1.1006 | 1.0250
13 -2 [0.1]0.2679 | 0.9700 | 0.9981 | 1.2258 | 1.0771
14 | 2 1 0.6050 | 1.7284 | 1.1353 | 1.1641 | 0.9170
VI. CONCLUSIONS
As shown in the theoretical [3], [2] and

experimental calculations, the proposed method
allows, in the real situation, the noise measurements
of the input and output signals of the primary
converters, obtain unobstructed estimates of
parameters close to the estimates for the LSM for
accurate measurements, as well as the spread of
estimates, a lower spread for LSMs. Choosing the
parameters of the weight function on the external
(main) indicator A [7] increases the accuracy of the
estimates obtained. This enables more efficiently
than the LSM to use the proposed method in
adaptive control systems, diagnostics and prediction
of the behavior of real objects.
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A. M. CinbBectpos, I'. I. KpuBo6oka. IlinBuieHHs: AK0CTi OLIHOK MapaMeTpiB MojeJi iIHTerpoBaHNM MeTOI0M
HallMeHIIUX KBaApaTiB

CyuacHi cucTeMu KepyBaHHsI, ONTHMIi3allii Ta MPOrHO3yBaHHS BUPOOHUIITBOM IOTPEOYIOTh HOBUX aJTOPUTMIB POOOTH
Ta OIIHKK cucTeM i nporeciB. [Ipu po3B’sa3yBaHHI NOCTaBJIEHHX 33/1a4, B YMOBaX HEJIOCTaTHBOI anpiopHoi iHopmalii,
BUHHKAE 1MOTpeda B 3aCTOCYBaHHI €()eKTUBHUX METO/IIB MapaMeTpuyHoi ineHTHdikawii. TOYHICTh ICHYFOUMX KITaCHYHHUX
METOIB ieHTH(]iKaIliT 3aIeXKHUTh BiJ] HASBHOCTI IICBHUX BiJIOMOCTEH CTOCOBHO OCOOJIMBOCTEH CHTHAJIIB, 30KpeMa II010
3aKOHY PO3IOJITy BUIIAKOBOI TOXHMOKH BHMipIOBaHb, TOMY B peallbHHX Ipoliecax ManoedekTusHi. IcHye nmoTpeda B
3aCTOCYBaHHI METOJIB, sIKi 3a0€3Me4yl0Th OTPUMAaHHS OUTBII TOYHUX OIIHOK ITapaMeTpiB MaTeMaTHYHOI MoJedi
JIOCITI/PKYBAHOTO 00 €KTa 3 OOMEXKEHHUX Y 4aci 1 [iamasoHi, 3alIyMIIeHUX BUOIPOK JaHUX MpO 3MiHHI CTaHy 1 Kepyroui
BIUMBHU. [IpoBeseHO OIiHIOBaHHS MapaMeTpiB 3a JIOMOMOIOI IHTETPOBAHOI'O METOAY HaWMEHIIMX KBaJApartiB, IO
3a0e3neuye 3ria/pKyBaHHSI 30BHIIIHIX BIUIMBIB JOCIIXKYBaHOI MOJeNi Ha pe3yabraTH. [linTBeppkeHO epeKTUBHICTh
PO3TIITHYTOTO METO/Y LUISIXOM ITOPIBHSHHS 3 METOJIOM HaMEHIIMX KBajJpaTiB. 3MIHCHEHO ONTUMI3allilo MapameTpiB
BaroBoi (YHKIII 3a 30BHILIHIM KPHUTEpPiEM, SK MIHIMyM HOPMH pi3HHII OLIHOK IMapaMeTpiB MapHOi 1 HemapHOI
nocnigoBHocteil. [IpoBereHo aHaii3 3ajJeXHOCTI TOYHOCTI OLIHOK IapaMeTpiB BiJ BHOOPY Koedili€HTiB BaroBoi
G yHKIIIT.

KarouoBi cioBa: mnapamerpuuna ineHtudikaiis; MHK-oIiHIOBaHHS, HE3MIIIEHICTh; €(QEKTUBHICTh OIIHOK;
IHTErpOBaHHUI METOJ HaAWMEHIINX KBaJpaTiB; BaroBa (pyHKIIis.
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A. H. CunbBectpos, I'. 1. KpuBoOoka. YiydynieHue KauyecTBa OLEHKH NapaMeTPOB MOJeJIH HHTeTPUPOBAaHHBIM
MEeTO10M HAMMEHbIINX KBA/IPATOB

CoBpeMEHHbIE CHCTEMBI YIIPaBJICHHs, ONTUMH3AIUKI U IIPOrHO3UPOBAHMUS ITPOM3BOACTBA TPEOYIOT HOBBIX JITOPUTMOB
paboTBl M OLEHKHM CHUCTEM M IpoueccoB. IIpu pemieHMM mpodieM IpHU OTCYTCTBHUHM AalpHOPHOW HH(pOpMaIHu
HEOOXOAMMO HCIIONIb30BaTh I(PPEKTUBHBIE METOAbI MapaMeTPUUYecKOr HISHTU(PUKAHMH. TOYHOCTh CYIIECTBYIOLIUX
KJIACCMYECKUX METOJOB HJICHTH(UKAIMK 3aBHCUT OT HAJIUYUS OMNpEAENeHHOH HH(OpMaluU O XapaKTepHCTHKAX
CHTHAJIOB, B YACTHOCTH, OT 3aKOHA pacIpe/ielieHus CIyJaiiHOW OIMOKM M3MEpEHHs], a IOTOMY B PEaJIbHBIX MPOIIeccax
Hea(ppexTrBHB. HeoOXomuMo NpPUMEHSTh METOABI, KOTOpble OOECHEeYMBAIOT OoJiee TOYHBIE OLEHKH IapaMeTpoOB
MaTEeMaTU4eCKOH MOJEIH HCCIEeIyeMOro OObeKTa B OrPaHMYEHHBIX MO BPEMEHH W HEYYBCTBUTEIBHBIX JAHHBIX, O
IIYMOBBIX NEPEMEHHBIX M KOHTPOJBHBIX BO3lecTBHAX. OIlleHKa MapaMeTpoB OCYIIECTBISIETCS C HCIIOIb30BAaHHEM
MHTErPUPOBAHHOI'O0 METOJa HAaMMEHBLIMX KBaJpPAaTOB, KOTOPBIA OOECHEYHBAET CIIa)KMBAHUE BHEIIHHX BO3IEHCTBUH
ucciefyeMoil Mofenu Ha pe3yibTarsl. IToxTBepikaeHa 3(QeKTUBHOCTh paccMaTpUBAEMOrO METOJAa CPaBHEHHEM C
METOJIOM HaWMEHBIIUX KBajpaToB. CheraHa ONTUMH3ALUs IapaMeTpoB BECOBOH (DYHKLMH MO BHEITHEMY KPHTEPHIO,
o KpaiHel Mepe, HOpMa pa3HHIBI MEXIY OICHKAaMH I[apaMeTpOB Iapbl W HEYETHBIMHU IOCIE0BATENbHOCTSIMU.
[IpoBeneH ananu3 3aBUCKMOCTH TOYHOCTH OLIEHOK TAPaMETPOB OT BHIOOpa KO3(D(HUIIMEHTOB BECOBOW (YHKIIHH.
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HarmmonaneHslit Texandeckuit yauBepeuter Ykpaunsl «KITW um. Uropst Cuxopckoro», Kues, Ykpauna.
Oo6pa3oBanue: Kuerckuii moaurexHndeckuii UHCTUTYT. Kues, Ykpauna (1969).

HamnpaBnenue HayqyHOH JeSTENbHOCTH: (QUIBTPALHS, UISHTH(QUKAIHS CIOXKHBIX CHCTEM.

Konuuectro my6nukaruii: 6onee 200.

E-mail: silvestrovanton@gmail.com

Kpusoooxa I'aimna UBaHoBHA. AcliupaHT.

Kadenpa nadopmannonnsix cucrem, HalmonanpHbINH YHUBEPCUTET MUILEBBIX TeXHONOrui, Kues, Ykpaunna.
OO0pa3oBaHue: BUHHUIKMI HAIMOHATILHBIA TEXHUYECKUI yHUBepcUuTeT, Bunauna, Ykpauna (2010).
HamnpaBnenue HayqdHOH NesITENbHOCTH: HH(OPMALMOHHBIE TEXHOJIOTHH.

Konuuectro myonukaruii: 6.

E-mail: galinakryvoboka@gmail.com



