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The suggested method is based on investigating the dynamic properties of 
a glass furnace and had the purpose to obtain basic data/or adaptive control 
of furnaces. The procedure simplifies the relationships between the technological 
quantities and allows random signals to be utilized for changing the input 
quantities such the electric power input. Determination of the input quantities 
and their evaluation is an important part of the statistical identification method. 
The standard least square method and the extended least square method were 
used to evaluate the input signals, emploing calculation by the elementary rotation 
method and the root filter method. The results of statistical identification were 
verified by means of criteria such as the prediction test, the normal noise test 
and the white noise test. 

THE PROBLEMS OF STATISTICAL IDENTIFICATION 

In the authors' opinion, experimental identification is more suitable than 
mathematico-physical analysis for investigating the dynamic behaviour of glass 
tank furnaces. Experimental identification can be defined as a process during 
which a mathematical model is created on the basis of measurements, while also 
determining the parameters and shape of the model. This is selected from a cert­
ain pre-determined class of models on the basis of input and output data so as to 
ensure its equivalency with the process being studied. In selecting the model one 
should also take into account the principle of the process being identified aud 
the purpose the model is to serve. 

The present study deals with stochastic linear one-dimensional discrete model 
with concentrated parameters in the form of external description, because only 
discrete values and not continuous records of input and output data can be obtain­
ed from a physical model. This is why a discrete system has been chosen for 
describing the behaviour of a physical model of glass furnace, using a model in the 
form of differential equation (l) 

n n 

y(k) + L aiy(k - i) = L btu(k - i) + er(k),
i=O i=O 

where e,(k) is the error of the equation. 

(1) 

Using polynomial operators and by introducing a symbol for shift by i intervals 
to the right, equation (1) can be written in the form 

[l + A(z-1)) y(k) = B(z-l) u(k) + er(k), (2) 

whnc- u(k) is the input sigral aLd y(k) is the outrut signal in k-th moment, 1rnd n 
is the order of the systlm. 

Statistical identification has the purpose to £stablish, on the basis of measurirg 
11(k) a:rd y(k), an utimate of the coefficients of rolyr.omials A(z-1) ar.d B(z-1) rn
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as to get the coefficients as close as possible to the actual parameters of the system 
studied. The principle of deriving the coefficients of polynomials A(z-1) and B(z-1) 
indicates that use of the Z-transformation would be disadvantageous (cf equation 
(2)) as a shortening of the sampling period would yield less information on the 
system, in spite of the fact that more frequent sampling increases the information 
capacity in the sample sequence. On the other hand, lengthening of the sampling 
period results in gradual loss of information on components with small time con­
stants as well as on oscillating high-frequency components. A suitable sampling 
period can be determined from the sampling theorem 

fm = 1/2 T,

where Tis the sampling period, and 
f mis the maximum frequency contained in the signal. 

(3) 

The study made use of a discrete description of the stochastic system where 
the error of the equation was considered to result from filtering the white noise 
by the ARMA system (Auto Regress Moving Average) as follows from equation 
(4): 

[1- O(z-1)] er(k) = D(z-1) n* (k). (4) 

As regards the stochastic signals employed, only their statistical characteristics 
were known, namely the mean value, dispersion (scatter), stationarity, correlation 
function and output spectral density. In statistical identification, a decisive role 
is played by spectral properties of the input signal which should correspond to 
the· frequency characteristics of the system in question. Considc�rable requirements 
are put forward for the uniformity of the frequency spectrum because each rrnl 
system acts as a high-frequency filter and about the same applies to the low­
frequency region. These demands are best met by the PRBS signal (pseudo-random 
biQary signal). 
. The parameters of the differential equation were estimated by the least square 

(LS) ·method and the extended least square method (ELS), and resolved by the 
elementary rotation method and the root filter method. For N measurements, one 
obtains a pre-determined system of equations which can be expressed in matrix 
form, 

Y = Za-er, (5) 

. Owing to the error vector of the system of equations (er), the estimate of a,
i.e. the vector of the estimated parameters of polynomials A(z-1) and B(z-1) 
of the system, is by itself a random quantity, so that it must be demanded that

E(a) = a, (6) 

i.e. that the mean estimate value be precisely equal to the value of the parameters
being_ estimated. Only then is the estimate unbiased. The output signal and the
equation error correlate, so that deviated estimates of the polynomial parameters
are obtained; they deviate from the actual values proportionally to the decreasing
signal/noise ratio of the output signal y(k). The ELS method is based on the prin­
ciple of estimating the ARMA noise model (cf. equation (4)) where the coeffi­
cients are estimated directly by adjusting the basic algorithm of the LS method. 
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SIGN AL TESTING DURING STATIST�CAL IDENTIFICATION 

1. Predict ion test

The term prediction is  understood to  mean calculation of the system output 
signal by means of calculated values and estimated coefficients while taking into 
account the individual component (trend). Then 

n n m 
y(k) = - L any(k-i) + L bw(k-i) + L cikt, 

i=O i=O i=O 

where 1n is the polynomial degree expressing the trend. 

(7) 

On the basis of equation (1) containing the quantity er(k), the latter can be 
interpreted as the prediction error, i.e. the difference between the actual value 
of the output and its estimate (prediction): 

er(k) = y(k) 
- y(k). (8)

This error of the prediction can then be expressed statistically in various ways,
e.g. as a mean relative quadratic error (Rl) or as a relative linear prediction
nror (R3):

RI = f er(k)2_
J.:�m, y(k)2 ' 

R3 = I _e,Jk) '
k=m, y(k) 

(9) 

(10) 

where m3 is the value from which the algorithm has been started and n is the 
number of samples (data). 

2. Normal  noise test

This i s  understood to mean Gaussian noise distribution. It  can be  applied to 
the� error of equation (1) or to the prediction error (8). Its value should be as low 
as possible: 

V 1 " A= LL er(i),
n- i=I 

{11) 

where L is the overall number of parameters of the model selected and rt is the 
number of samples (data) . 

• 

3. \V"hite  noise  con tent  test

Its value for a given noise order should b(· as low as possible. It is calculated 
according to the equation 

1 
We = - -- -

where Pee is the autocorrelation function for source noise. 
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CONCLUSION 

The standard least square method and that of extended least squares are used 
in statistical identification to determine the coefficients of the differential equation 
describing the dynamic behaviour of the system. The predetermined system of 
equations can be solved by the elementary rotation method or the root filter 
method. Application of these methods to mathematical models of glass furnaces 
allows information on their dynamic behaviour to be obtained relatively rapidly 
and at low cost without affecting the operational stability of the furnaces. An 
additional advantage is provided by the fact that in the processes mentioned 
above, use can be made of pseudo-random binary signals which are uniform from 
the standpoint of the frequency spectrum. Utilization of physical models of glass 
furnaces in the investigation of their dynamic behaviour is also convenient because 
a physical model provides very precise relations between the significant techno­
logical quantities such as power input, temperature in the furnace, withdrawal 
of melt from the furnace, flow in the furnace, etc. 
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NAVRH STATISTICKE IDENTIFIKACE FYZIKALNfHO MODELU 
SKLARSKE TA VI Cf PECE 
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K vyseti'ovani dynamickeho chovo.ni sklafske tavici pece na jejim fyzikalnim modelu bylo 
pouzito experimentalni identifikace, pomoci niz se na zaklade mereni vytval'i matematicky model, 
pticemz dochazi jak k urcovani parametru modelu, tak i jeho tvaru. Pro popis chovani fyzikalni­
ho modelu sklatske tavici pece byla volena diskretni soustava s uzitim modelu ve tvaru diferencnf 
rovnice (viz (1) a (2)). K urceni odhadu koeficientu v rovnicich (I) a (2) byla pouzita metoda 
statisticke identifikace obsahujici metodu nejmensich ctvercu a rozsifonou metodu nejmemich 
ctvercu. 

Stejne jako na peci nelze na fyzikalnim modelu ziskat spojite zaznamy vstupnich a vystup­
nfoh velicin, ale pouze diskretni hodnoty, a proto by! v praci pouzit diskretni popis soustavy 
jako stochasticke. U stochastickych signalu jsou znamy pouze jejich stochasticke charakteristiky. 
Zde byly uzity stfedni hodnota, rozptyl, korelacni funkce a vykonovit spektralni hustota. Zvlallte 
spektralni vlastnosti signalil jsou dulezite a musi odpovidat frekvencni charakteristice prometo­
vane soustavy. Temto narokilm nejlepe odpovida pseudo-nahodny bin{trni signal. 

Kvalita pouzitych signalu pri statisticke identifikaci byla testov,ina pomoci tri testu. Byly to: 
- test predikce, kde chyba predikce byla statisticky vyhodnocena jako prumerna kvadraticka

chyba predikce (rovnice (9)) a jako pomerna linearni chyba predikce (rovnice (IO)),
-test normalnfho liumu, zahrnujici rozdl\leni sumu podle Gaussc (rovnicll_ (11)),
- test na ohsah bileho /lumu (ro,·nice (12)).
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Navrzena metodika. vysetfovani dynamickeho chovani skla.fske ta.vici pece na fyzikalnim 
modelu ma proti mefeni na peci nekolik vyhod, nebot: 
a) fyzikalni model poskytuje velmi pfesne vztahy mezi vyznamnymi technologickymi veli­

c:!inami, napf. pfikon do pece, teplota v peci apod., a jeho provoz je laciny;
b) fyzikalni model umozimje promefit dynamicke vlastnosti tavici pece, ktere nelze, z technickych

duvodu, uskutec:!nit v provoznfch podminkach; 
c) provoz fyzikalniho modelu je mozno odklonit od ustaleneho technologickeho rezimu bez proble­

mu, coz by na peci mohlo vest k fade tezkostf. 

Il PO E RT CT AT H CT IP.IE CH O :0 H JJ: E H T H <lJ H HA I� 11 II 
<lJI13l14ECHOi1 �IOJJ:E.TIH CTEHJIOBAPEHH0:0 IlEqI1 

CTaHHcJiaB HaC'a, AHTOHJIH JlIIcLI, PoMaB Bnxp* 

XUMui;;o-mexno.io;,u,ieci.uii uncmumym, A·a<jie8pa mexno.ioeuu cu.n,ui.amM, 
Cyx6amapoea 5, 166 28 Ilpaea 6 

* llncmumym cme1..ioeuonbix u i.epaMu<tec,.;ux Mamepua.n,oe l/CAH,
Hzmoea 5, 120 00 Ilpaea 2 

JJ:;u1 JICCJl0,1:\QBaHHll /:lHBaMH'ICCROro Il0B0)1CHlUI CTeRJIOBapeHBOH neqn Ba ee q>H3Jf'JeCROii 
MO;:t;em1 HCil0JII,30Ba;m 3RcnepnMeHTaJibHYI0 Il/:l0RTHq>HRan:nro, C IlOMOIQLIO ROTOpoii Ba 
OCHOBaHHH H3MepeHHH C03;ciaeTCll MaTeMl!Tll'JeCKall MO)l0Jih, rrpn'IeM rrpoBO)lHTCll RDR onpe­
)leJieBHe rrapaMeTpoB Mo;i;enu, TaR n ee cpopMhl . .IJ:rra onncamrn noBe)leHnll cpH3II'leci-ou: 
M0,\0JIU CT0RJIOBapeHHOH ne'ln IIO/:lOHpann )lHCKpen1y10 CHCTeMy C IICIIOJI:l,30BaHneM M0/1,eJIJI 
B BH)le ,!.!Hcpcpepeun:naJJI,HOrO ypaBH0Rl1JI (CM. (J) II (2)) . .IJ:m1 onpe)leJieHHJl R08cpcpnn:neHT0B 
B ypaBB0HllllX ( 1) H (2) llCil0JJI,30Bam1 MeTO)l cTaTnCTH'leCKOH H)l0BTHq>HR80:Hll, OCHOBhl­
BaIOIQHHCH Ha MeTO)le BallM0HI,IDHX RBa)lpaTIIROB II Ha pacnpocTpaHeHHOM M0TO)le Hal!M0HI,­
IDIIX RBa)lpaTHROB. 

Ilo)l06HO RaR Ha ne'In TaR H Ha q>H3Jl'l0CROM MO)l8JJH H8J1I,3ll IIOJJY'IHTI, HenpepbIBHble 
3anJ1CJI BXO)lHhlX JI BI,lXO)lBblX B0JIH'IHH, a TOJII,RO )lHCRpeTJJLie B0JIH'IHHh1, H Il08TOMY HaMH 
B pa6oTe HCIIOJJI,3yeTCll )lHCRp8THOe onncaHHe CHCT0Mhl KaR CHCT0�I,I CTOXaCTll'ICCHOH. 
°Y CTOX8CTH'l0CRHX cnrHaJIOB H3B0CTHh1 TOJlhRO HX CTOX3CTH'l8CRHe xa paRTepnc Tl!RH. 
B HameM cnyqae 6hlJill HCIIOJII,30BaHbl cpeAHlllI B8Jlll'IHHa, pacce11nne, cpyHRU:Hll ROppeJIHQHH 
H MOIQHOCTHall cneRTpaJihHalI Il:IOTBOCTI,. Oco6eBHO BamHh1 CIJ8RTpaJII,Hhl0 CBOHCTBa cnrHa­
JIOB H OHH )lOJJlKBbl COOTBeTCTBOB3TI, 'laCTOTHOH xapaKTepHCTHKe H3MepaeMOH ('ll('T0Mhl. 
3TJIM Tpe6oBaBHlIM JiytJme Bcero COOTBeTCTBYCT nceB)l0-6nnapHLIH CHrHaJI. 

Ka'leCTBO J1('Il0JII,3Y0MLIX CHrHaJIOB npn cTaTHCTHlJCCROH H/:l0HTllq>111mQHl1 npoBepHJIH 
C IIOMOmI,IO Tpex TecTOB, a 1IM8HHO: 
- C IIOMom1,10 T0CTa npeAHKIJ;lfll, rj\e norpemHOCTh rrpe)lHKIJ;HH CTaTHCTHtJeCKH paccMaTpH­

Ba8TCll KaK cpe)lHHH RBa;npaTH'l0CRalI norpemHOCTI, (ypaBHeHHe (9)) n R3K JJHH0lllIUH 
norpemHOCTh rrpe)lnRQHH (ypaBHeHne (10)),

- c n0Mom1,10 TecTa uopMaJI1,Horo myMa, aaKJIIO'laIOmero pa3)leJienne myMa cor.:racHo 
fayccy (ypaBHeHne (11)),

- r. rroMomhro TecTa Ha co;nepmaHHe 6eJJoro myMa (ypaBHeH11e (12)). 
Ilpe)lJiaraeMaH MeTO)lJIRa paccMOTp8HHll AHHaMH'I0CROJ'O IIOBe)leHHlI CT0RJIOBapeHHOH ne'IH 

Ha q>H3Il'I0CROH MO)leJIH o6na;naeT no cpaBH0HHI0 C H3MepeHH0M Ha nelJII H0CKO.:IbnUMH 
npenMymecTBaMn, TaR RaR: 
a) «{,n3H'I0CRaa MO)l0JJI, npe)lOCTaBJJlleT B0CbMa TOlJHhle OTHOmeHHH Me»<JIY BamHblMII TCXBO­

JiornqecRHMH BeJJJI'IHHaMH, Hanp. nO)lBO)lHMaH MOIQHOCTI, B pe1II,, TeMnepaTypa B ne'IH 
H T. A· JI ee npon3BO)lCTBO AemeBo; 

6) q>H3H'l0CKalI MO)l0JII, npe)lQCTaBJIHCT B03MOlRJIOCTI, H3MepeHnH )lHHaMH'I0CRHX CBOHCTB 
CT8KJJOBapeHHOH ne'IH, ROTOpbie H0J1I,3H, no T0XHH'I0CKHM npH'IHHaMH, npOBO)lHTI, npH
npOH3BO)lCTB0HBLIX ye JIOBHlIX,; 

B) 3R!'IlJJY3TaUHI0 q>H8H'I0CRO:ii: MO]ICJJH MO»<HO OTRJIOHHTI, OT ycTaHOBJieHHoro TeXHOJior11-
qec1,oro pemnMa 6e3 npo6JICM. 'ITO Ha DC'Ill MOfJIO 6LI BLI3BaTb PH/1 8aTpyW{eHH:ii:. 
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