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Mampuya 6ecosvix K03 Puyuenmos
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1. Introduction

Hazardous factors of emergencies are determined by using
monitoring systems at various levels. Modern technologies
allow integrating numerous sources of information into a
single information resource available to work precisely on the
collected miscellaneous data from various sources. Reliability
and high accuracy of the information can facilitate quick re-
sponse to any man-made or natural disaster, objective assess-
ment of its scope and extent of damage, effective elimination
of consequences of accidents and disasters, and significant
improvement of the reliability of predicting the onset of a cri-
sis. The results of monitoring are used for early warning and
information management so that managerial decisions could
be taken in time to make necessary changes in the state and
direction of a system, process, or phenomenon.
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An evaluation unit is usually a two-step formation. In
the first phase, assessment of signal parameters results in
an initial measurement — a surveillance vector. However, all
measurements should be practically simultaneous so that a
parameter change between the moments of measuring could
be significantly less than the expected error, could have no
impact of the magnitude of this error, and could be easily
neglected. The task of the second phase of measurements is
to integrate the first phase results and to formulate the eval-
uation unit, which is a state vector. The total number of pri-
mary measurements (the scope of the surveillance vector) is
often redundant, which means that it exceeds the minimum
sufficient estimates for the parameter evaluation. Then the
resulting measurement is a statistical problem of evaluating
the state vector through using an excess number of primary
values that were obtained simultaneously.




The problem of an optimal use of the state vector values
is reduced to a consistent application of a data filtering al-
gorithm, and the resulting estimate is the sum total of the
weight estimates from the state vector of the measuring
devices, provided that the primary measurements were in-
dependently obtained by different meters. In this case, the
accuracy of the resulting estimate (i. e. the precision matrix,
which is reverse to the correlation matrix of errors, or error
correlation matrix) depends not only on the accuracy and
nature of the initial measurement but also on the value of the
measured parameter. Then the weight coefficient matrix is
included in the determination of the resulting estimate; it de-
pends on the accuracy matrices used for its calculation and
also on the value of the parameter that is to be determined.
Therefore, direct application of the filtering algorithm seems
to be difficult.

Accuracy of the resulting estimate was primarily anal-
ysed as dependent on the accuracy of measuring the weight
coefficient matrix (regardless of the methods of obtaining it).
It was also specified that the accuracy of the resulting eval-
uation parameter depended not only on the accuracy of the
estimates used but on the accuracy of the evaluation matrix
weights: errors in its determination affect the accuracy of the
resulting estimate. However, the possible methods of assess-
ing the weight coefficient matrix were not considered, and,
consequently, no correlations were disclosed to determine
its accuracy. Therefore, it remains necessary and topical to
find such possible methods for obtaining a weight coefficient
matrix and determining its accuracy.

2. Analysis of previous studies and statement of the
problem

Requirements for building structural subsystems to
monitor emergencies, including radiation hazards, and a
mechanism for mathematical modeling of emergency moni-
toring systems are both provided in the study [1]. In [2], the
method of measuring emergency parameters is specified to
include a certain amount of redundancy, which allows criti-
cal evaluation of the process of measuring. It is also argued
that the program of preliminary processing of the measure-
ment results should involve routine analysis of the measure-
ments’ reliability on the basis of trustworthy estimates of the
uncertainty limits derived from studying the measurement
process performance, which allows controlling the parame-
ters of the measuring process in real time. The structure of
the theory of redundant measurements, its essence as well
as some fundamental concepts and definitions of this theory
are presented in [3]. In [4], it is emphasized that information
redundancy implies existence of additional relationships
between the measured values and output parameters. In [5],
attention is focused on determining the impact of redundant
measuring on the accuracy of the estimates. In [6], higher
accuracy of trajectory information processing is claimed
to occur due to accounting for spatial and temporal data
redundancy and cross-correlation of measurement errors.
In [7], the possibility of using redundancy is examined for
individual assessment methods. In [8], a generalized method
is suggested for statistical evaluation of an object if there is
excessive primary information obtained by consecutive ap-
proximations. Issues related to the analysis of test methods
for improving the accuracy of measurement results for elec-
tric values are considered in [9]. In [10], there is an example

of a method for solving a system of equations overridden by
finding a minimum of a quadratic functional to calculate tar-
get coordinates by using a difference-and-long-range meth-
od alongside redundant data. In [11], it is emphasized that
the use of redundant information for the resulting estimate
may significantly complicate the problem-solving process,
which makes it necessary to find quasi-optimal methods for
reliable assessing and efficient building of systems that do
not use redundancy of primary measurements [12]. So in
[13], there is an analysis of topological data that depend on
the network structure and the measurements’ alignment on
it. The method is reduced to building a balanced hypergraph
of measurements and determining the shortest routes. The
combining algorithm that is suggested in [14] entails use
of automotive wheel rotation speed sensor signals in the
absence of consumer navigation equipment of satellite navi-
gation systems. Correction of lost data from satellite naviga-
tion systems with the help of an inertial navigation system is
considered in [15]. In [16], use of cellular navigation systems
is described as appropriate only when there is a loss of signals
from satellite navigation systems on the basis of adaptive
processing algorithms. In [17], it is noted that a combination
of inertial-satellite navigation systems has the following ad-
vantages: a simple mathematical model, high reliability, inde-
pendent work, and a large excess of navigation information.
Information for processing [18] is the difference between the
initial information about the position and velocity, which is
derived from a platformless inertial navigation system and a
satellite navigation system; errors are assessed, and the ini-
tial information is corrected. In [19], it is suggested to use an
approach that consists in combining several sets of measure-
ments of different nature and using mathematical models
of motion. An example is the combined processing of data
provided by the accelerometer and the video analysis system.
It is important to develop methods of combined processing
of data from the video analysis system and inertial sensors as
it is essential to remodel information about the movement of
a person [20]. An algorithmic support of pedestrian inertial
navigation systems is developed with regard to choosing
a specific algorithm for combining measurement data. If
the systems are described by nonlinear equations, the well-
known methods of approximation in Bayesian filtering are
an extended Kalman filter (EKF), a sigma-point Kalman fil-
ter (an unscented Kalman filter (UKF)), a cubature Kalman
filter (CKF), and a modified square-root cubature Kalman
filter (SRKF) [21]. In [22], a method is describes for com-
bining data obtained in three spectral bands — microwave,
infrared, and optical — by using three types of sensors —
a radiometer, a thermal imager, and a camera. The results
of the three types of sensors are reflected as a digital image
of a collection of objects on the basis of spectral filtering of
data. In [27], a method is suggested to determine combining
filter’s setting coefficients in processing flight information.
The suggested method is intended to identify the trajectory
of the aircraft.

Meanwhile, information redundancy often entails a
possibility of data estimation by various relatively simple
measuring devices. Then the task of using information re-
dundancy is reduced to finding optimal algorithms of com-
bining these estimates, such as their weighted summation
with a weight that is proportional to the accuracy of the
estimates. Most studies assume that accuracy of the initial
measurement (the surveillance vector) is known and deter-
mined, first of all, by the possibilities of the measuring and is



independent of the value of the measured parameter. At the
same time, when various transformations of the surveillance
vector are used to obtain estimates for the state vector, ac-
curacy of the assessment depends on the value of the assess-
ment [5]. In such cases, it is necessary to obtain simultane-
ously not only the state vector estimates but also the esti-
mates of their accuracy matrix to determine the matrix of
weight coefficients, or the weight coefficient matrix.

3. The objective and tasks of the study

The objective of this research is to develop the existing
algorithms of combining redundant information, including
the analysis of how precise the direct determination of the
weight coefficient matrix (WCM) is if it does not change
while using the estimates of error correlation matrices
(ECM) for a normally distributed state vector of a parame-
ter received simultaneously by different independent meters.

To achieve this objective, it is necessary to fulfil the
following tasks:

—to obtain analytical expressions for mathematical ex-
pectation and variance of estimation components in an ECM
to determine the parameter state vector;

— to specify the mathematical expectation and the ECM
of estimating a WCM;

— to analyse the structure of the ECM of the resulting es-
timates with account for the ECM of estimating the WCM.

4. Analysis of the impact produced by errors in
determining the weight coefficient matrix on the accuracy
of the resulting estimates

In [28], it is shown that information redundancy reduces
the solution of the optimal use problem of the same state vec-
tor estimates obtained by different meters simultaneously to
a consistent application of the estimates filtering algorithm.
The study also demonstrates that, if the data were obtained
by different measuring devices, the resulting estimate of the
parameter @ is the weight sum of the state vector estimates
of one measuring device 6, =£(6,] and the other measuring
device a,=f 93

=6, +W(&,-6,)=(I-W)a,+Wa,, 1)
C,=C,+C,, (2)

where C, is the accuracy matrix of the estimates i of the
measuring device, which is reverse to the ECM of estimating
the parameter C' (i=p, 1, 2); I is an identity matrix.

It is known [5, 25-27] that accuracy of parameters’ eval-
uation (i. e. the elements of the accuracy matrix C,) depends
not only on the accuracy and type of the initially measured
parameters but also on the values of the parameters that
are measured. Then the WCM W=C'-C, within the
expression (3) for determining the resulting estimate also
depends on the values of these parameters, which are not
always known in advance. Therefore, a direct use of the algo-
rithm (1) seems to be difficult. In [28], analysis was under-
taken to determine the effect of accuracy of determining the
WCM W (regardless of the methods of obtaining it) on the

accuracy of the resultmg estimate &,. The study also shows
that the accuracy a, depends not only on the accuracy of
the estimates &, and 0, but also on the accuracy of de-
termining the WCM W. Thus, errors in determining the
WCM affect the accuracy of the resulting value &p. Howev-
er, possible methods of obtaining the WCM were no consid-
ered in the study [28], which, consequently, did not consider
any correlations that would determine the accuracy of esti-
mating the WCM. 1t is possible to assume that the WCM
can be determined if it is calculated by the estimates of the
ECM of measuring C and C ! If the measured parameter
does not change whlle it is belng measured, the ECM C !
can be determined on the basis of n of independent dlscrete
samples of the state vector estimates for the parameter @,

(i=p, 1 2):
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We believe that the WCM W is estimated by the ECM
estimates C‘ and C ' for measuring the parameter by
independent dev1ces. Then obtaining statistical characteris-
tics of the multivariate law of WCM distribution is a rather
complicated statistical problem. In the case of a normal
distribution of data [29], the values of their mathematical
expectation and variance (ECM) are independent. This fact
allows building an independent meter of variance in the pa-
rameter state vector. Herewith [30], the density of ECM es-
timates of the dimension mxm, provided the n samples are
distributed independently and equally (normal N O,C")),
looks as follows:
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where C is a positively determined matrix that is assessed
according to (3), and n>m; X is a determinant of the ma-
trix elements C™". .

The moments of the elements C™ can be obtained both
from the characterizing function and the initial normal dis-
tribution [30].

The HldthCHldthdl expectation ij of the elcmcntC
the matrix C™ is equal to:
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where o is a IJ element of the matrix X, and the co-varia-
tion between C and C;! looks as follows [30]:
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If i=k and j=I, the latter expression determines the
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In [31] provides an expression for the distribution den-
sity in the correlation of variance estimates of two inde-
pendent random processes as well as for the variance of this
correlation. The correlation of the variance estimates in their
form is a one-dimensional analogue of WCM assessment.
However, the existing dependence of the WCM on the ECM
of measuring does not allow for an assumption that the com-
ponents within the formula are independent.

Thus, it is rather difficult to obtain an analytical expres-
sion of the ECM for evaluating the WCM. However, if there
is an assumption of the errors being small and if there is a
priori information available on some margin of the true value
of the WCM, then nonlinear approximate dependencies in
the margin can be approximated by linear dependencies. The
main advantage of the linearization method is that it allows
obtaining explicitly optimal estimates (and, in this case, the
most plausible ones) of the WCM and the ECM.

As we have noted before, the WCM is connected with
the ECM of evaluation through a dependency of the follow-

ing type:

W=C;'C,=(C,+C,) ' C,=
=C,'(c,-¢,)=I-C,'C,. (6)

When ECM values are used to assess the WCM, the
correlation is the following:
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While evaluating the WCM, it is necessary to take into
account the nature of the interrelation between its elements
and the nature of its change over time. We believe that during
the time of measuring the measured parameter does not
change. Thus, discrete surveillance is used to assess the WCM
elements that do not change over time. Random changes of the
WCM can arise from parameter measurement errors.

The model of changes in the square matrix W of
the dimension mxm with arbitrary real elements can be
“stretched” into a column vector W* of the dimension
m” x1, where the symbol # denotes the operation of “stretch-
ing” the matrix into the column vector [5].

For example, if m =2, then:
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where the symbol T denotes the act of transposition.
Then the latter expression can be rewritten as follows:

By assuming that the function W(Wé) on any fairly
narrow section is approximately linear, it can be presented as
a Taylor series around the point W(Wgo), and the elements of
the order should be below the first element:

\ =w(w§0)+P(\fvg—wgo), (7

where P=||121 P2|| is a block matrix of recalculating the
ECM of the C;' and C,' measurements in the WCM W of
the dimension m*x2m? and p (u=1, 2) is a block of this
matrix:
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which is a two-dimensional matrix of the dimension m?*xm?.
This understanding of the matrix P is determined by the
introduced model (7).

Then the mathematical expectation and the ECM of
determining the WCM of the dimension m®xm? can be
expressed as follows:

W= W(Wgo); €)]
Cy =PCJP"=PC_P' +P,C_P,, (10)
where
i _|Ca 0
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is a block-diagonal (if the assessment meters are indepen-
dent) ECM of measuring the WCM of parameter evalua-
tion by different measuring devices, with the dimension of
2m? x 2m?. The blocks of this matrix are determined by the
following correlation:

cg-M|(€ -] (6 -c) | tu=1.2)

and the elements of the matrix blocks are determined by the
expressions (4) and (5).

Thus, the presence of the matrix Cg' in the expressi-
on (10) shows that the accuracy of evaluating the WCM de-
pends, according to (4) and (5), on the quantity of samples
taken to find the ECM of a parameter assessment. Besides,
the quantity of such samples should be no less than the di-
mension of the estimated ECM.

For further analysis of the WCM accuracy estimation, it
is necessary to obtain an expression for the matrix P, i. e. to
determine the derivative (8).

In general, the matrix

_BW(WC) _
o)

is a result of finding a matrix-to-matrix derivative and a quad-
rodimensional matrix of the dimension mxmxmxm [31].
It must be taken into account when determining the deriv-
ative (8). By assuming that during the measurement the
parameter does not change and by using the theorem about
a derivative in matrix derivation and a derivative in a reverse
matrix [31], we can write the following:
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The matrix that looks as

oC;!

aC: (H: 1’ 2)’

u

which refers to the latter expression, is a quadrodimensional
identity matrix of the dimension mxmxmxm [31], as the
derivative C;' in the element Cij is nonzero only if i=k
and j=1i.e.

oC;

ﬂ = Siksjl .
Therefore, for the introduced model (7), the matrix deriva-
tive [31] is arranged as follows:
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where E; = "5ij || is the matrix is which the element ij is equal
to 1 and all others are equal to zero.

Consequently, expressions have been obtained for the
blocks of the matrix P in recalculating the ECM of C;'
and C;' is measuring the WCM W. The completion of (10)
with (13) and (14) allows determining the ECM of esti-
mating the WCM. It is obvious from (13) and (14) that
the accuracy of estimating the WCM W depends on the
accuracy of values produced by the measuring devices ac-
cording to the accuracy matrix C, (L=1, 2). Meanwhile,
the accuracy of estimating the parameter (i. e. the accuracy
matrix expressed by C;' and C;') depends on the accuracy
and nature of the primarily measured parameters as well
as on the value of the parameter itself. The accuracy of

evaluating the WCM W, in its turn, also depends on the
aforementioned parameters.

5. Discussion of the research results

The problem of optimizing the use of the same state
vector estimates with an excessive number of primary
estimates obtained simultaneously is reduced to a consis-
tent application of an algorithm of filtering the estimates,
whereas the resulting estimate in the case of independent
primary measurements is the amount of weight estimates of
the meters’ state vector. If estimates are obtained through
the state vector of various transformations of the surveil-
lance vector, the accuracy of the assessment depends on
the value of the assessment. In such cases, it is necessary to
obtain simultaneously not only the state vector estimates
but also the estimates of their accuracy matrices in order to
determine the WCM. The impact of the WCM assessment
accuracy (regardless of the methods of obtaining it) on the
accuracy of the resulting estimate was previously analysed
in the study [28] that showed that the accuracy of the result-
ing estimate depended on the accuracy of both the meters’
estimates and the WCM assessment. One of the possible
methods for WCM assessment consists in calculating it
according to ECM estimates of the measured data. If the
measured parameter does not change during the assessment
process, the ECM of the estimates can be determined by
independent discrete samples of the state vector estimates.
This condition is justified because a change in the parameter
may be ignored if this change between the measuring points
is much less than the expected error and if it does not affect
the magnitude of the error. In most cases, measuring is
made with errors caused by various interferences. Therefore,
density of the estimates’ distribution usually appears to be
normal or close to normal. If the data distribution is nor-
mal [29], the assessments of their mathematical expectation
and variance (ECM) are independent. This fact allows
building an independent variance meter of the parameter
state vector. However, the existing dependence of the WCM
on ECM estimates does not allow an assumption that the
components of its formula are independent. If it is assumed
that the errors are small and that there is some a priori infor-
mation about some marginal true value of the WCM, then
nonlinear dependencies in this margin can be approximated
by linear dependencies. Such a priori information is justified
if it is possible to know the scope of the parameter values or
to determine the parameter value by one measuring device.
The main advantage of the linearization method is that it
allows obtaining explicit optimal estimates (in this case, the
most plausible ones) of both the WCM and its ECM. The
obtained expressions allow taking into account the impact
of accuracy in a direct determination of the WCM of the
resulting estimate accuracy.

The study was undertaken to develop the algorithms of
using excess information, which were set forth in [24, 28].
Further research can be aimed at the following: finding
other methods of assessing the WCM, analysing the impact
of their accuracy on the accuracy of the resulting estimates,
and implementing the findings in specific assessment filtra-
tion systems under conditions of data excess. The findings
can be used in constructing measurement systems in var-
ious industries, as evidenced by the analysis of previous
studies.



6. Conclusion

The research has resulted in obtaining analytical ex-
pressions for mathematical expectation and variance of
components in assessing the error correlation matrix used
to determine the parameter state vector. A method of lin-
earization made it possible to determine the mathematical
expectation and the error correlation matrix in estimating
the weight coefficient matrix.

The study considered the structure of the error correla-
tion matrix of the resulting estimate with account for the
error correlation matrix in assessing the weight coefficient
matrix. It has been proven that accuracy of a direct evalu-
ation of the weight coefficient matrix depends on both the
accuracy of the meters and the number of samples taken to
determine the error correlation matrix for evaluating the
parameter by different meters. Besides, it has been found

that the quantity of the samples should be no less than
the dimension of the estimated error correlation matrix.
Accounting for the meters’ data accuracy entails that the
accuracy of estimating the weight coefficient matrix will in
turn additionally depend on the parameters that affect the
accuracy of such estimates. These include the accuracy and
types of the initial measurements as well as the location of
the object.

The obtained expressions make it possible not only to
evaluate the accuracy of the direct assessment of the weight
coefficient matrix but, as shown in the previous studies,
to determine the effects of errors on the accuracy of the
parameter evaluation. At a given accuracy of measuring
the parameter by different meters and the acceptable errors
of the resulting estimate, it is possible to expect a particu-
lar weight of errors in determining the weight coefficient
matrix.

References

1. Abramov, Ju. O. Monitoryng nadzvychajnyh sytuacij [Text] / Ju. O. Abramoyv, Je. M. Grinchenko, O. Ju. Kirochkin et. al. — Kharkiv:
ACZU, 2005. — 530 p.

2. Bessonnyj, V. L. Ispol’zovanie metoda informacionnoj izbytochnosti dlja obespechenija dostovernosti rezul’tatov monitoringa chrez-
vychajnyh situacij [Text] / V. L. Bessonnyj // Problemi nadzvichajnih situacij. — 2008. — Vol. 8. — P. 44-51.

3. Kondratov, V. T. Teorija izbytochnyh izmerenij [Text] / V. T. Kondratov // Komp’juterni zasobi, merezhi ta sistemi. — 2006. —
Vol. 5. — P. 23-33.

4. Hrapov, FE 1. K voprosu ispol'zovanija razlichnyh vidov izbytochnosti dlja ocenki sostojanija izmeritel'nyh sistem s trudnodos-
tupnymi pervichnymi izmeritel'nymi preobrazovateljami v processe jekspluatacii [Text] / F 1. Hrapov // Vestnik metrologa. —
2010. — Vol. 3. = P. 11-15.

5. Shirman, Ja. D. Teorija i tehnika obrabotki radiolokacionnoj informacii na fone pomeh [Text] / Ja. D. Shirman, V. N. Manzhos. —
Moscow: Radio i svjaz’, 1981. — 416 p.

6. Motylev, K. 1. Obrabotka izbytochnoj traektornoj informacii s uchetom korreljacii oshibok izmerenij [Text]: zb. nauk. pr. /
K. I. Motylev // Avtomatika, telemehanika, zv’jazok. — 2011. — Vol. 27. — P. 45—49.

7. Bystrov, V. A. Vlijjanie izbytochnyh izmerenij na ocenku parametrov [Text] / V. A. Bystrov, R. N. Davydov, E. P. Lebedey,
A. G. Mal’cev. — Moscow: RTI im. akademika A. L. Minca AN SSSR, 1988. — 20 p.

8. Motylev, K. 1. Obrabotka izbytochnoj tracktornoj informacii v izmeritel'no-vychisliteI'nyh sistemah [Text] / K. I. Motylev,
M. V. Mihajlov, V. V. Paslen // Avtomatika. Avtomatizacija. Jelektrotehnicheskie kompleksy i sistemy: nauchno-tehnicheskij zhur-
nal. — 2008. — Vol. 2, Issue 22. — P. 112—-116.

9. Bondarenko, L. N. Analiz testovyh metodov povyshenija tochnosti izmerenij [ Text] / L. N. Bondarenko, D. I. Nefed’ev // Izmerenie.
Monitoring. Upravlenie. Kontrol’. — 2014. — Vol. 1, Issue 7. — P. 15-20.

10. Tkachenko, V. N. Primenenie izbytochnosti vhodnyh dannyh v zadache opredelenija koordinat celi passivnymi mnogopozicionnymi
kompleksami [Text] / V. N. Tkachenko, V. V. Korotkov, E. K. Pozdnjakov // Nauka i tehnika Povitrjanih Sil Zbrojnih Sil Ukrai-
ni. — 2013. — Vol. 4, Issue 13. — P. 64—67.

11.  Sejdzh, Je. Teorija ocenivanija i ee primenenie v svjazi i upravlenii [Text] / Je. Sejdzh, Dzh. Mils; B. R. Levin (Ed.). — Moscow:
Svjaz’, 1978. — 496 p.

12, Karavaey, V. V. Statisticheskaja teorija passivnoj lokacii [ Text] / V. V. Karavaev, V. V. Sazonov. — Moscow: Radio i svjaz’, 1987. — 240 p.

13. Hohlov, M. V. Algoritm opredelenija lokal'noj topologicheskoj izbytochnosti teleizmerenij na gipergrafe izmerenij [Text]:
sb. dokladov IIT mezhdunarod. nauch.-prakt. konf. / M. V. Hohlov // Jenergosistema: upravlenie, konkurencija, obrazovanie.
V 2t —2008. — Vol. 1. — P. 423-427.

14. Nagin, I. A. Algoritm kompleksirovanija NAP SRNS i avtomobil'nyh datchikov skorostej vrashhenija koles [Text] / I. A. Nagin,
A. Ju. Shatilov // Radiotehnika. — 2012. — Vol. 6. — P. 126—130.

15.  Shatilov, A. Ju. Algoritm kompleksirovanija priemnika SRNS i INS po razomknutoj sheme [Text] / A. Ju. Shatilov // Radiotehni-
ka. — 2008. — Vol. 7. — P. 19-25.

16. Surkov, V. O. Analiz sostava navigacionnyh sistem dlja podvizhnyh nazemnyh ob’ektov i principov ih postroenija [Text]: mater.
IT mezhdunar. nauch. konf. / V. O. Surkov // Tehnicheskie nauki: tradicii i innovacii, 2013. — P. 34-37.

17.

Gross, J. N. Flight test evaluation of GPS/INS sensor fusion algorithms for attitude estimation [Text] / J. N. Gross, Y. Gu,
M. B. Rhudy, S. Gururajan, M. R. Napolitano // TEEE Transactions on Aerospace Electronic Systems. — 2012. — Vol. 48, Issue 3. —
P. 2128-2139. doi: 10.1109 /taes.2012.6237583



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Zhou, Z. A Window-Recursive Approach for GNSS Kinematic Navigation Using Pseudo range and Doppler Measurements [ Text] /
Z. Zhou, B. Li, Y. Shen // Journal of Navigation. — 2013. — Vol. 66, Issue 2. — P. 295-313. doi: 10.1017/s0373463312000549
Bobylev, A. O sovmestnoj obrabotke pokazanij inercial'nogo bloka i sistemy videoanaliza [Text]: tr. 11-j mezhd. nauch. konf. /
A. Bobylev, P. Kruchinin, V. Chertopolohov // Fizika i radiojelektronika v medicine i jekologii. FRJeMJe2014 s jelementami nauch-
noj molodezhnoj shkoly. — 2014. — Vol. 1. — P. 344-346.

Tautges, J. Motion Reconstruction Using Sparse Accelerometer Data [Text] / J. Tautges, A. Zinke, B. Kr ger, J. Baumann, A. Weber,
T. Helten et. al. // ACM Transactions on Graphics. — 2011. — Vol. 30, Issue 3. —P. 1-12. doi: 10.1145/1966394.1966397
Benzerrouk, H. Adaptive “Cubature and Sigma Points” Kalman Filtering Applied to MEMS IMU/GNSS Data Fusion during
Measurement Outlier [Text] / H. Benzerrouk, H. Salhi, A. Nebylov // Journal of Sensor Technology. — 2013. — Vol. 3, Issue 4. —
P. 115-125. doi: 10.4236/jst.2013.34018

Nikitin, O. R. Kompleksirovanie dannyh mnogokanal’'nogo monitoringa zemnoj poverhnosti [Text] / O. R. Nikitin, A. N. Kisljakov,
A. A. Shuljat’ev // Metody i ustrojstva peredachi i obrabotki informacii. — 2011. — Vol. 13. — P. 68-71.

Alguliev, R. M. Kompleksirovanie izmerenij dlja identifikacii traektorii poleta letatel'nogo aparata [Text] / R. M. Alguliey,
G. G. Orudzhov, Je. N. Sabziev // Mehatronika, avtomatizacija, upravlenie. — 2012. — Vol. 2, Issue 131. — P. 57-60.

Kuljavec’, Ju. V. Combining excessive data for spatial environmental monitoring [Text] / Ju. V. Kuljavec’, O. I. Bogatov, O. A. Jer-
mako // Eastern-European Journal of Enterprise Technologies. — 2013. — Vol. 6, Issue 9 (66). — P. 36—39. — Available at: http://
journals.uran.ua/eejet/article/view/18933/17043

Tihonov, V. 1. Statisticheskaja radiotehnika [Text] / V. I. Tihonov. — M.: Radio i svjaz’, 1982. — 624 p.

Mirskij, G. Ja. Apparaturnoe opredelenie harakteristik sluchajnyh processov [Text] / G. Ja. Mirskij. — Moscow: Jenergija, 1972. —
456 p.

Kosmicheskie tracktornye izmerenija. Radiotehnicheskie metody izmerenij i matematicheskaja obrabotka dannyh [Text] /
P. A. Agadzhanov, V. E. Dulevich, A. A. Korostelev (Eds.). — Moscow: Sov. radio, 1969. — 504 p.

Kuljavec’, Ju. V. Influence of errors on the accuracy of the spatial monitoring results under redundant information [Text] /
Ju. V. Kuljavec’, O. 1. Bogatov, O. A. Jermakova // Eastern-European Journal of Enterprise Technologies. — 2015. — Vol. 3,
Issue 9 (75). — P. 8-13. doi: 10.15587/1729-4061.2015.44235

Kendal, M. Dzh. Statisticheskie vyvody i svjazi [Tekst] / M. Dzh. Kendal, A. St’juart; A. N. Kolmogorov (Ed.). — Moscow:
IL, 1973. — 900 p.

Anderson, T. Vvedenie v mnogomernyj statisticheskij analiz [Text] / T. Anderson; B. V. Gnedenko (Ed.). — Moscow: Fizmatgiz,
1963. — 500 p.

Krasnogorov, S. I. Matrichnyj analiz v zadachah otyskanija jekstremumov [Text] / S. I. Krasnogorov. — Noginsk: Nauchno-issledo-
vatel’skij centr 30 CNIT MO, 1998. — 100 p.



