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Abstract— The solution of the problem is considered, as a result of which estimates of statistical charac-
teristics after processing the results of flight tests by the double averaging method, both in time and in the
ensemble of realizations, are obtained. The approximation of the experimental curve of the correlation
function is carried out by the analytical expression and the least squares method, the approximation pa-
rameters are determined. On the basis of the obtained approximation parameters, estimations of variance
of statistical characteristics are determined, which are used subsequently to estimate the probability of

finding trajectory parameters in the admissible region.

Index Terms—Accuracy estimation; correlation function; probabilistic accuracy characteristics; double
averaging; adaptive discretization; data processing technique; on-board control systems.

I.  INTRODUCTION

The main point of the certification processes im-
provement of the on-board automatic control sys-
tems is the development of the most effective me-
thods of processing data obtained as a result of flight
tests and statistical modeling.

The theoretical basis of the certification
processes for such systems is the methods of com-
pliance of the tested aviation equipment with tactical
and technical requirements. The basis for developing
recommendations to improve the certification
process is the methods of mathematical statistics in
determining the accuracy characteristics of the on-
board control systems for automatic approach and
landing with the help of the respective algorithms.

In the article, an attempt is made to consider the
possibility of using in the software one of the direc-
tions of statistical analysis-correlation analysis, which
will increase the reliability of statistical conclusions.

II. PROBLEM STATEMENT

The construction of such algorithms can be based
on information about the necessary parameters ob-
tained from the definition of the higher moments of
the random process distribution. Such information is
provided by the correlation function, the estimation
of which can be obtained on the basis of approxima-
tion of the experimental function by standard depen-
dences.

The estimates of the mathematical expectation
and the correlation function, obtained in the discrete
processing of a random process, have the form:
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where T=1iAt, At is the interval between adjacent
ordinates of the correlation function (the step of
reading). For 1 =0 the variance estimate is obtained.
The following expression is used to estimate the
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normalized correlation function: p} (1) =

The estimates m, and K,(1) with unknown
mathematical expectation have an offset, in particu-
lar, the estimation of the correlation function has an
offset whose maximum value is attained for t=0
and is equal to the variance o (m") (the variance of
mathematical expectation estimate). As is known,
estimates of the correlation function (and, hence, of
the normalized correlation function) are asymptoti-
cally unbiased. The effect of displacement is mani-
fested with a small number of realizations and with
small their duration for the use of the double aver-
aging algorithm (time averaging and ensemble
averaging) [1].

III. PROBLEM SOLUTION
The accuracy of estimates of the probability cha-

racteristics determines the confidence probability vy

(reliability of estimation) in estimating the probabili-
ty of finding the approach and landing parameters

(vector X) in the acceptable area D.
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It is known [2], [3], [1] that the variance of the

estimate of the mathematical expectation is deter-
mined by the relation (for the case M (m;)=m):
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where x° is the centered value of the researched In article [3], the possibility of using in the cal-
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crete samples in the observation interval T of the
parameter realization.

If wetake At =—, n=1, 2,..., (1, is the interval
n

of correlation) then we can estimate upper bound of
the obtained expression neglecting by the values of
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then upper bound can be represented in the form.
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The variance of the estimation of the correlation
function is given by the general expression:
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The variance of the estimation of the correlation
function includes a fourth-order probability moment,
the calculation of which is a difficult problem. For
normal random processes, we can use the relation [2]:
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Dividing the left and right expressions by K’ (0),
we obtain the maximum relative mean square error:
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culations, instead of the unknown function K (jA?),

an estimate of it, found as a result of processing
realizations of a random process, is justified.

The estimation of the correlation function of any
researched parameter (for example, the lateral devia-
tion of the aircraft from the equiangular line or from
the axis of the runway) is calculated on the basis of
processing a stationary parts in the test flights, each
of which contains 5-10 realizations. The problem of
estimating its accuracy is substantially simplified if
this function is approximated by the respective ana-
lytical expression [4], [5].

As an example, Fig. 1 (curve 2) shows a graph
of the correlation function estimation of the process
of changing the angle of heel during automatic land-
ing of the aircraft in the area adjacent to the point of
touchdown.

1 T T T

Fig. 1. Normalized correlation function of the process

of changing the angle of heel

The estimation was obtained from six test flights
(each flight contained 10 realizations) and approx-
imated by the standard expression [1]:

p, (1) = e cosBr =" cos0,281.

In article [6], the correlation interval is recom-
mended to be taken from the condition:

= {T: <0, } For the considered example the

quantity T, at the level p}(1)=0,3 is 2.9 s.

According to [3], [5], analytical expressions of
typical normalized correlation functions are (Fig. 1):

ot
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The parameters of the correlation function o and
B are calculated with the help of least-squares
method.

For typical correlation functions, analytical ex-
pressions for the variances of estimates of the

expectation and the correlation function are equaled
to:
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In Table I, for typical correlation functions, the
ratios for b, and b (0) are given for 7>>t,.

TABLE I COEFFICIENTS FOR FINDING ESTIMATION
OF o’ (m,) AND o’ [ K (1) ]
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The above dependences and relations allow to
determine the variances of the corresponding esti-
mates approximately (with a relative error of up to
several percents).

We also note that in determining the estimation
of the correlation function in rhythm with experi-
ment (successive arrival of realizations during the
test flight), one can refuse from a uniform change in
the signal delay, which leads to redundancy of the
information, since the frequency of the calculated
points remains constant both for large and small

changes in p(1).

The delay step is chosen in inverse proportion to
the rate of change of the function p’,(t). For example,
for ith step the following expression may be used:

k k

| o]
At

At; =

where k is a coefficient, determined from a priori
considerations [3].

The value in the denominator is the averaged de-
rivative of the function p}(r) on the interval Az, |,
Fig. 2. For a linear extrapolation of the function
p.(t) between readings, this quantity is defined as
tanf, ,. Obviously, such a delay variation can be

considered as a quantization of the correlation func-
tion in terms of the level.
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Fig. 2. Definition of delay step

When Az, is chosen by according to such algo-

rithm, the measurement frequency increases in the
region of a significant change in the slope of the

p.(t) curve. Thus, the adaptive discretization of the

realizations allows to choose measurement steps in
accordance with the change of the accumulated

curve p.(t) and eliminate the redundancy of the
calculated points of the correlation function.

IV. CONCLUSIONS

The results are aimed at developing more ad-
vanced methods for processing the results of flight
tests to estimate the accuracy characteristics of the
automatic approach and landing of the aircraft with
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O. A. 3eaenkoB, O. O. Bynuyk, A. II. I'oxik. OniHka To4HOCTI pe3yJIbTATIB JHOTHUX BUNPOOYBaHb HA OCHOBI
anpoxcumManii kopeasuiiiHol pyHKii

PosrmsinyTo po3B’si3aHHs 3ajadi, B pe3yJIbTaTi YOr0 OTPUMAHO OLIHKM CTaTHCTHYHHMX XapaKTEPHCTHK Micis o0poOieH-
HS PE3YJbTaTIB JHOTHUX BUIPOOYBaHb METOAOM IOJBIHHOIO ycepeTHEeHHs, SIK B Yaci, Tak i 3a aHcaMmOJieM peasti3alliii.
3nifiCHEHO anpOKCUMAaIlil0 eKCIIEPUMEHTAIbHOI KPUBOI KOPEISIiHHOI (DYHKIIT aHATITHYHUM BUPA30M 1 METO/IOM Haii-
MEHIIUX KBaJIpaTiB BU3HAYCHO NapaMeTpu anpokcumariii. Ha mijgcraBi oTpuMaHux napaMmeTpiB alpoKcHMalii BU3Have-
HO OIIIHKH JUCTIEpPCii CTATUCTUYHUX XapaKTEPHUCTHK, SIKI BHKOPHCTOBYIOTHCS B IONAIBIIOMY JUISl OLIIHKKA WMOBIPHOCTI
3HAXOJPKEHHS TPAEKTOPHHX IMapaMeTpPiB Y Mexax, TO3BOJICHOI 001acTi.

Karo4osi cioBa: oriHka TOYHOCTI; KOpensliiHa (YHKIis; IMOBIPHICHI TOYHICHI XapaKTEepUCTHKH; ITO/BIHHE ycepe-
HEHHS; aJlaliTUBHA TUCKPETHU3Allisl; METOUKa 00pOOKH JaHUX; OOPTOBa CUCTEMa KepyBaHHSI.
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JiarHocTHaHKX cucTeM, HarioHampHYM aBiaiitauii yHiBepcutet, Kuis, Ykpaina.
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PaccMoTpeHo peleHue 3aJaul, B pe3y/IbTaTe Yero MoJIy4YeHbl OLEHKH CTaTUCTUYECKUX XapaKTepPUCTHK Iocie 00paboT-
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