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ABSTRACT

The development and proliferation of small unmanned aerial vehicles (UAVs) have led to the need to create systems for
tracking UAVs and monitoring their authorized activities. The presence of electromagnetic radiation makes it possible to use
passive radio monitoring systems, based on wireless sensor networks, for tracking UAVs. Methods, based on angle-of-arrival
(AOA) measurements, are widely used for determining the location of a radio source using wireless sensor networks. In practice,
it becomes necessary to take into account the appearance of abnormal (rough) measurements, which lead to a sharp deterioration
in the accuracy characteristics of Kalman filtration algorithms. In this work, to synthesize an optimal adaptive filtering algorithm,
the Markov property of a mixed process was used, which includes a continuous-valued vector of UAV movement parameters and
discrete parameters that characterize the type of measurements of the sensors of the sensor network. A quasi-optimal algorithm
of adaptive filtering of UAV movement parameters when using AOA measurements of the sensor network was obtained using the
Gaussian approximation method of the posterior probability density. Its analysis is carried out using a model example. The quasi-
optimal adaptive filtering algorithm allows to eliminate the uncontrolled increase of estimates errors of the UAV movement
parameters and it does not require significant computational costs.
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INTRODUCTION

Currently, small unmanned aerial vehicles (UAV's) are widely used. The first reason for this is the miniaturization and cheapening
of electronic components, such as processors, sensors, batteries, and wireless communication systems. The commercial UAV market
opens wide access to this technology for private consumers, government and non-governmental organizations, and reduces the
cost of their production while expanding capabilities and improving performance.

Despite the initial prerogative of using UAVs for solving military problems, technologies of small-sized UAVs are increasingly

being used in various civilian spheres of activity: surveillance and reconnaissance, including in real time transportation and delivery
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of goods and funds to a given area, relaying data between remote subscribers of communication networks; rescue operations;

monitoring of emergency situations and their consequences; protection of objects and areas, etc.

However, this also led to the emergence of new threats to society (Lacher et al. 2019; U.S. Department of Homeland Security,
2020; Yaacoub et al. 2020): espionage, terrorism, transportation of prohibited goods, air traffic complications, property damage.
Today, in the leading countries of the world, solving the problems of neutralizing threats from the use of small UAVs and creating
appropriate protection systems have been brought to the level of national security. Therefore, tracking UAV's and monitoring of
activities authorized for them are important tasks.

Due to the low visibility of UAVs, the tasks of their detection and tracking become much more complicated. An important
feature of the UAV functioning is the presence of electromagnetic radiation in them. This allows passive radio monitoring systems
based on wireless sensor networks (WSN) to be used to detect and tracking UAV's (Tang et al., 2008; Amiri et al. 2016; Chen and
Wu 2018; Watanabe 2021).

A method, based on AOA measurements, is widely used in passive determination of a radio source coordinates (Hou et al.
2018; Tomic et al. 2018; Zhang et al. 2018). To determine the UAV coordinates in a rectangular coordinate system, it is sufficient
to stablish its azimuths at two spaced points and the elevation angle at one of these points, or, conversely, the elevation angles
at two receiving points and the azimuth at one of them. The WSN makes it possible to obtain a set of angular coordinates of the
radio source at a fixed time instant, which makes it possible to solve the problem of joint processing of all available information
and to improve the accuracy of determining the location of the radio source in space.

It is also known (Sirota and Kirsanov, 2006) that in real conditions, along with normal (usual) measurements, anomalous
(rough) measurements may appear. Measurements with abnormal errors can be caused by the presence of signals with unknown
parameters, an unknown number of radio sources, multipath signal propagation, the influence of interference. The appearance of
abnormal measurements means a significant malfunction of WSN sensor (Kupriyanov and Sakharov, 2007; Tovkach et al. 2019;
Zhuk et al. 2019; Tovkach and Zhuk 2021).

Discrete Kalman filtering is widely used to estimate the parameters of object movement. The main advantages of the Kalman
filter is that it is recurrent and suitable for filtering non-stationary random signals.

However, the Kalman filter is operable only if there is complete a priori information about the process to be filtered. The presence
of anomalous measurements, occurring at unknown times, leads to a significant excess of the variance of actual estimation errors
over the variance of estimation errors calculated by the Kalman filter.

The optimal solution to the problem of adaptive filtering of UAV movement parameters, based on AOA measurements of the
sensor network, resistant to the appearance of anomalous measurements, can be obtained using the Bayesian adaptive estimation
method (Chang and Athans 1978). However, it cannot be implemented in practice due to the increase in the number of filter
channels at each step. In the work (Bar-Sholom and Xivo Rong 1998), a quasi-optimal interactive multiple model (IMM) algorithm
is obtained based on the Bayesian adaptive estimation method.

In this work, the mathematical apparatus of mixed Markov processes in discrete time (Zhuk, 2020), which allows obtaining optimal
filters with a fixed number of channels and feedbacks between them, was used to solve the problem of adaptive filtering of UAV movement
parameters based on AOA measurements of the sensor network. The quasi-optimal algorithm was obtained by a sequential method

for processing incoming measurements, as well as Gaussian approximation of posterior probability density of estimated parameters.

FORMULATION OF THE PROBLEM

The UAV movement model in a rectangular coordinate system (CS) is described by the vector recurrent difference Eq. 1
(Tovkach et al. 2018):
(k) =Fuk-1)+G (k) (1)

In which:
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u’ (k) = (x(k),x(k),x(k), y(k), y(k), y(k),z(k),z(k),Z(k)) :astate vector including coordinates of position, velocity
and acceleration of the UAV in rectangular CS; U (k) : vector uncorrelated Gaussian excitation noise of a model with a unit

correlation matrix; matrices JF and have the form

F° 0 0 G 0 0
F=l0 F> o]:G=|0 G’ o0/
0 0 F 0 0 G’
_a'T3_
_ - p
o I 5
2 b CZ'T
b G’ = ’
F°P=|0 1 T | 2
0 0 1 a-T

In which:

a: root mean square (RMS) of UAV acceleration change rate; T: the rate of information receipt.

Egs. 2, 3 and 4 are for the measurement of angular coordinates of UAV in the presence of abnormal measurements at the k-th

step by pairs of sensors S,.,b = l,_B, i= m:

Pho (k) = 9o (k) +a;, (K)A@,,(K) )
ot (k) = 9 (k) + @, (F)A@,, (k) ®
Opy (k)= 0,4(k)+a,, (k)AB,,(k) )

In which:

Dro (k) , (/)bl(k) , (9b0 (k) true azimuths and elevation of UAV position in spherical CS (Fig. 1) of zero and first sensors
» and O'g ,
respectively; a,. k), j,; =1,2, b=1,B,i=0,1: switching variables, that take independent values with probabilities
9> Jbi =12, b=1B, i=0,1.

Switching variables characterize the type of sensor measurements. For the value of the indices j,. =1, b=1,B,i=0,1

of b-th pair; p=1,B;5 A@,y(k),Ap, (k), A0, (k): measurement errors of azimuths and variances o,

switching variables are a;. (k) =1, which corresponds to normal measurement errors. For the value of the indices j,; = 2,

b=1,B, i=0,1 switching variables are a. (k) =y ,in which ¥ determines RMS value of errors O,, Oy for abnormal
JD1

measurements. In order to simplify calculations and without loss of generality, it is assumed that, if the reference sensor

SbO fails, abnormal measurements appear simultaneously when measuring the azimuth @ (k) and elevation 91;0 (k).
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Figure 1. Relationship of unmanned aerial vehicle (UAV) coordinates in rectangular
coordinate system and angular measurements by sensors pair .S,.,i =0,1.

Based on measurements of sensor pairs S, ,b = 1,B,i=0,1(2, 3 and 4), UAV coordinates in rectangular CS are determined by
Egs. 5, 6 and 7 (Tovkach and Zhuk, 2020):

x)' (k)= D, (k)sin g} (k) (5)
¥y (k) = Dy" (k) cos gy (k) (6)
z,! (k) = D," (k) tan 6" (k) )

In which:
Dg/[ (k) the distance projection from zero sensor b-th pair of Sb o to the target on the XY plane, which is calculated by Eq. 8
(Tovkach et al. 2020):

d, sin (180 - (l//b ~op (k)))

Dy (k)= ®)
sin (v, ~ 1! (1)) ~(v, ~ i (1))
d ;- the distance between the sensors of the b-th pair, which is determined by Eq. 9.
dy = \/(xbo %)+ (Vo - V1)’ )

M M M
Coordinate values X, (k ), Yy (k ), Zy (k ) and projections DI?/[ (k ) depend on the values that the corresponding switching
variables a. (k), a. (k) , take.
Equations 5, 6 and 7 contain trigonometric functions and are nonlinear.

The linearized observation equation in the local rectangular CS is Eq. 10.

w,' (k)=Hu(k)+Auy' (a, (k),a, (k) (10)
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In which:
uﬁ,” (k)= (X;,M (k), ylj,w k), le,w (k))T : the vector of target coordinates measurement in rectangular CS; Allf'f (a./bo (k), a, (k) =
= (Axéw (a. ino (k ), a (k)), Ayf,” (Cl_ s (k ), a (k )), AZ;,W (a ro (k ), a (k )))T: the vector of measurement errors of target coordinates

in a rectangular CS with a correlation matrix R ;, . (k).
1 00 00 O0OO0OO
H=0001U00000
000 O0O0O0O0OT1TO0OO

Elements of the correlation matrix tho it (k) are calculated by Eqs. 11-16.

R, (k) =0y (a;, (K)ey' (k) + a;, (k)a; (k) (an
Ry (k) = oy (a3, (B +a (0)f7) (12)

Ry (k) = a3, (K)op (07 +77)+033) (13)
Ry (k) = Ry (k) = o (a;, (D)av By + a3, (k) By) (14
Ry (k)= Ry () = oy (a3, (g +aj (D)) as)
Ryy (k) = Ry (k) = o, (a5, (D)7 + a5, (B 72) (16)

In which:
Q, (k), a, (k), ,81 (k), ﬂz (k), coefficients determined by Egs. 17-25:

a,(k)=c,(k)sing,, + D, (k)cos ¢, (17)
a, =y sin gy, (18)
B =c¢ cos@,, +D,sing,, (19)
Py = ¢, cos gy, (20)
7 =c tan Gy 1)
7, =cytanby (22)
Vs =D, + (23)
cos” 6,
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_bb sin(lSO—(ah —qobl))cos((ab —(ohl)—(ab — O ))

¢ =

Sin((ab _(Dbl)_(% ~ Pro ))2 >
- b, A _ y
e sin’ ((Olb _€0b1)—(0!b _%0)) (COS(180 (O‘b o ))
xsin((ab —%1>_(0‘b —®h0 ))+ (25)

+sin (180 —(ab - )) cos((ab -0y ) - (ab - ¥ )))

In order to reduce the size in the designations of the elements of the correlation matrix, their dependence on the values of the
switching variables @ io (k),a m (k) , is not indicated.

The UAV movement model (1) and measurement Egs. (10) describe a priori data, necessary for the synthesis of optimal and
quasi-optimal algorithms of adaptive filtering of the UAV movement parameters, based on AOA measurements of the sensor
network in the presence of anomalous measurements. In this case, together with the estimation of UAV movement parameters,
the problem of measurement type recognition should be solved. The results of measurement type recognition are used in the

formation of estimates of the UAV movement parameter vector.

DEVELOPMENT OF OPTIMAL AND QUASI-OPTIMAL ADAPTIVE FILTERING ALGORITHMS

The minimum criterion of the RMS of error is widely used in solving the filtering problem (Sage and Mels, 1971). The optimal
estimate of the state vector in accordance with this criterion is the conditional expected values of its a posteriori probability density
(p.d.f.). The correlation matrix of a posteriori p.d.f. of the state vector is the correlation matrix of the estimation errors.

Enter the vector uéw (k)= (xéw (kul]y (k), Z;,V[ (k))T, including UAV coordinates in a rectangular CS, calculated by
measurements of a sensors pair .S bisk = 0,1.UAV coordinates, calculated from all sensor pairs S bis b=1,B,i=0,1,denote
as avector u" (k)= (u’ (k),...,uy (k).

Combine Eq. 10 into Eq. 26.

u” (k)= Hu" (k) + Au (T (k)) (26)

In which:
A (T(k) = (Aw' (a; (k),a; (K)),...Auy (a; (k),a; (k)))": combined vector of target coordinates

measurement in rectangular CS with correlation matrix; I" (k)=(a o (k),a, (k),..,a ™ (k),a Jnt (k)) : combined vector

Ji
of switching variables.

leojn (k) 0 H1 0
R®)=| .. R,_(® . |H=. H
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Introduce an extended mixed process (u(k), I'(k))- In Zhuk (2020), it is shown that the mixed process (u(k),T'(k)) possesses
the Markov property. Taking into account that the discrete components I'(k) are independent, a posteriori p.d.f. of the mixed
process (u(k),I'(k)) is recurrently calculated by the Egs. 27, 28 and 29.

P(u(k),T(k) | U (k=1) = [ 4,4, %
) b=l @)
x j [T(u(k) [u(k =1))Pu(k —1)| UY (k -1))du(k —1);

P(u(k), T(k) | U (k) = P(u™ (k)| u(k), T(k))

x P(u(k), T(k) | U (k=1))/ P(u" (k)| U (k=1)); .

2 2 2 2
P(k) UM ()=, > . >, D Pulh), (k)| U (k). 29)

Jo=ln=l  Jjpo=ljp1=1

In which:

P(u(k), T(k)| UM (k —1)): extrapolated p.d.f. of the mixed process (u(k),T'(k)); UM (k-1 = (uM (1),...,uM (k-1)):
received up to k-1 step inclusive sequence of measurements; II(u(k)|u(k—1)): conditional p.d.f., which
is found on the basis of Eq. 1; P(u(k), I'(k)] ! (k)): a posteriori p.d.f. of mixed process (u(k), F(k))

P"(k)|u(k), (k)= HP(uM (k)|u(k),a, (k),a, (k)): likelihood function of the observation vector u Mk,

which is based on the Eqs 10 and 26; P(u (k)] uv (k 1)): conditional p.d.f., which plays the role of a normalizing factor,
which is calculated by Eq. 30.

2 2 2 2 ®©
P (k)| UM (k-1)=> > .> > j P(u™ (k)| u(k), T(k))x

Jio=lji=l  Jjpo=lJjp1=l - (30)

x P(u(k), T(k)| UM (k —1))du(k);

P(u(k) | uv (k)) is a posteriori p.d.f. of the vector, determined at the k-th step. The initial condition for algorithm (27) ... (29)
is a priori p.d.f. P(u(0)).

Eqgs. 27,28 and 29 describe the algorithm for joint optimal nonlinear filtering of the state vector u(k)and discrete components
I'(k). The algorithm is recurrent. Using a posteriori p.d.f. P(u(k-1)| U (k —1)), obtained at the step k-1 using the Eq. 27,
the problem of joint prediction of the values of discrete components I'(k) and the vector u(k)is solved at the k-th step, and the
extrapolated p.d.f. P(u(k), I'(k) | v (k —1)) is calculated. Based on the obtained measurements u (k) ,using Eq. 28,2
posteriori p.d.f. P(u(k), T(k)| U (k)) of the mixed process (u(k), T'(k)) is calculated. Using Eq. 29, a posteriori p.d.f.
P(u(k) | uM (k)) of the vector u(k) is calculated. The procedure is then repeated.

However, the implementation of an optimal real-time mixed process filtering algorithm encounters significant difficulties
associated with the need to integrate multidimensional p.d.f. and a large number of tested hypotheses regarding the values of
switching variables.

When synthesizing a quasi-optimal algorithm, we used the Gaussian approximation method of a posteriori p.d.f. vector u(k).
Let the a posteriori p.d.f. P(u(k—1)]| uM (k —1)), obtained at the k-1-th step, be Gaussian with expected values u(k-1)
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and correlation matrix ls(k —1). The extrapolated p.d.f. P(u(k)]| uM (k—1)) of vector , based on Eq. 1, was determined
by Eq. 31.

P(u(k)| U (k-1) = J T(u(k) [u(k =D)P(u(k=1) | UY (k- 1)du(k ~1) (31)

Since p.d.f. [T(u(k)|u(k —1)) and P(u(k - 1) | uM (k —1)) are Gaussian, extrapolated p.df P(u(k) | uM (k-1))is
also Gaussian, and its mathematical expectation U (k ) and correlation matrix P’ (k) are calculated by Egs. 32 and 33.

u(k) = Fa(k—1) (32)
P (k)=FP(k-DF" +G, G, (33)

We used a sequential method (Tovkach and Zhuk 2019) for processing of incoming data. In this case, when the next measurement
llg/l (k) arrives, a Gaussian approximation of a posteriori p.d.f. P(u(k) | u;v[ (k),.. llg/[ (k),UM(k-1)), b=1,B is
M M
performed. In this case, the conditional a poi'flerlorl pdf. P(u(k)| a0 (k), ap, (k), ll1 (k),....u, (k),U" (k-1)),
J bO? Jbl =1,2, refined by measurements U} (k) , are Gaussian. Their expected values u; Jny iy (k) and correlation matrices

’bo i (k) are determined by Eqs. 34, 35 and 36.

K, i, (=P (OB (P, (OH +R, (k)" 69
fbo n (k) =, (k) + K/bol (k)(“ivu (k)—Hu,_, (k)); (35)
P)in K= P, (k)-K, Jig i (k)HP,_ (k) (36)
In which:
K Jog i (k) : the gains of the adaptive filter channels, matched with the corresponding types of measurement errors .

The joint posterior probability P (Cl b0 (k ), a bl (k ) | uﬂk ), ooy u;]:/[ (k ): UM (k - 1)) of the switching variables values
a. (k), a. (k), refined by measurements ug/[ (k),b =1, B , was determined by Eq. 37.

P(a;, (k).a, (k)| (k),...,u (k), 0" (k=1)) =
= P(uy’ (k)|a, (K)a, (k) (k),...,u;" (k),U" (k=1))x (37)
xq,;, 4, | Py () [u (k),..,w)", (k), U (k —1)).

The likelihood function of the values of the switching variables @ 750 (k),a st (k) is Gaussian.
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P(u,’ (k) |a;, (k),a; (k)0 (k),....w,!, (k), U (k1)) =

R (38)
=NHpu,_,, Djbojbl (k)),
In which:
D Jiy Iy (k ): correlation matrix of the residual, determined by Eq. 39.
o T
D, ) =HB, (OH +R, . (k). )

Aposteriorip.df P(u(k) | u{u (k),..., ug’l (k), UM (k - 1))is the weighted with a posteriori probabilities P(a ;, (k), a, (k)| lliw k), ...y
u, (k), U (k —1)) sum of the conditional a posteriori Gaussian pd.f. P(u(k)|a, (k),a; (k),u (k),....u;’ (k),U" (k-1)).
Its expected values 11, (k) and correlation matrix were determined by Eqs. 40 and 41.

2 2
i,(k)= >, D, . (P, (k),a;, (k)| w (k). w; (k), U (k-1) (40)
Jp0=1Jjp1=1
2 2
P (k=) > P, (OPa, (k),a, (O)|w (k),..w) (), U (k-1),b=1.B @

Jpo=1Jjp1=1

The initial conditions for Egs. 34-41 at b = 0 have the form ﬁO (k)= u’ (k), 130 (k)= P’ (k). After processing all
measurements ugj (k), b= L_B a posteriori Gaussian p.d.f. P(u(k) | uf/l (k),..., lljl\;l (k), uY (k —1)) and, accordingly,
its parameters were determined.

Quasi-optimal algorithm (32)...(41) is nonlinear. Non-linear operations were performed when calculating a posteriori
probabilities P(ajb0 (k), a (k)| ll{u (k),..., lll],l/[ (k), uv (k-1)), Jp0>Jp1 = 1,2 . A quasi-optimal device, that implements
algorithm (32)...(41), contains four channels, which are related by general feedback.

ALGORITHM EFFICIENCY ANALYSIS

Analysis of the effectiveness of the developed quasi-optimal adaptive algorithm of estimating the UAV movement parameters
(32)...(41) was carried out using statistical modeling.
The sensor network (Fig. 2) consists of eight sensors with coordinates (Table 1).

Table 1. Positions of wireless sensor networks sensors.

S 1 2 3 4 5 6 7 8
X 0 70.71 100 70.71 0 -70.71 -100 -70.71
Y 100 70.71 0 -70.71 -100 -70.71 0 70.71

For clarity of operation of the algorithm, a test trajectory of the UAV movement was formed (Fig. 2). The trajectory includes
five sections. Abnormal measurement errors occur for:
* S,andS,; in k =20 moment of time;
* S, and S, in k = 30 moment of time;
e §,,ink =50 moment of time;

* S, in k=80 moment of time;
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e §,in k = 60 moment of time;

e §,,in k=90 moment of time.

RMS error of measurement was O 0

to one hundred realizations L = 100.

=0y = 0.8° , the rate of information receipt was T =1 s. Tests were carried out according

100
S,
X San ® S
Sa1 Sao
SS’I
Y 81 1 SE’I
100

Figure 2. Configuration of sensor network of eight sensors and trajectory of unmanned aerial vehicles movement.

In the simulation, RMS of UAV acceleration change rate was assumed a = 6m/c® The probabilities of abnormal sensor

measurements were the same D, = =0.01, s = 1 S, and the parameter } = 7.
Using the Monte Carlo method means 71, (k) m (k) m; (k) and RMS errors O (k) G; (k) SH (k) of
estimation UAV locations were calculated by Eqs 42-47.

1 &, 1 & —
s, () = D &6 = D (%' () =x(k)) .k =1,130 (42)
I=1 =1

my, (k)= Z (k) =— Z( (k)= y(k)) ,k =1,130 (43)
l 1

~

m (0= 0= 3 W20 k=130 e

1 =1

1=
r<k>=\/ i( L(k)—m; (k) .k =1130 43)

€, L l:
L N 2 _Tos

céy(k)z\/ﬁ;(sy(k)—méy(k)) Je=1,130 (46)
RN S

o, (k) = |7 2 &) —my (B) k=1,130 @)
B
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Figure 3 shows RMS (curve 3) of coordinates X, Y and Z estimation errors calculated by the quasi-optimal algorithm using the
correlation matrix f)b (k ) . Also, Fig. 3 shows the actual (real) expected values (curve 1) méx (k) s méy (k), méy (k ) and
the RMS (curve2) Og (k), o N (k), o g (k) of coordinate X, Y and Z estimation errors obtained experimentally by modeling.
Calculated by a quasi-optimal algorithm and obtained experimentally RMS of estimation errors are close, which indicates the
correct operation of the algorithm. In addition, Fig. 3 shows the actual RMS O & (k ) , 0z y (k ) , ng (k ) (curve 4) of estimation

errors of coordinates X, Y and Z, using the Kalman filter.

Errors estimation of the coordinate X 100+ Errors estimation of the coordinate Y .

. i —2

40] . 80 i 3
h -‘ 60 Pl R

393
(=}

estimation of the UAV (m)
e

RMS errors of the position

1
S

RMS errors of the position
estimation of the UAV (m)
B
S

<.
—_
o
)
=3
[9%)
(=}
S
<
Fag
w
3
)
oS
0.
(=}
0.
(=}
—
=
(=}

0 20 30 40 ts 60 70 80 90 100

—
BN OO [y
(= e Sl ===

393
(=]

(=}

RMS errors of the position
estimation of the UAV (m)

10 20 30 40 ts 60 70 80 90 100
RMS: root mean square.

Figure 3. Characteristics of filtering error of unmanned aerial vehicles coordinates X, Y and Z.

As follows from Fig. 3, the appearance of anomalous measurement errors led to uncontrolled increase of estimates errors
of UAV movement parameters of Kalman filtering algorithm. The developed quasi-optimal algorithm for adaptive filtering
of UAV movement parameters, based on AOA measurements of the sensor network, was resistant to the appearance of

anomalous measurements.

CONCLUSIONS

An extended mixed process, including a continuous vector of UAV movement parameters and discrete switching
variables that characterize the measurements type of sensors of the sensor network, has the Markov property, which
makes it possible to synthesize a recurrent algorithm for calculating the posterior probability density of the mixed process.
However, the implementation of an optimal real-time mixed process filtering algorithm encountered significant difficulties,
associated with the need to integrate multidimensional p.d.f. and a large number of tested hypotheses, regarding the values
of switching variables.

A quasi-optimal algorithm of adaptive filtering of UAV movement parameters, based on AOA measurements of the sensor
network (32) ... (41), was obtained by linearizing the measurement Egs. 2, 3 and 4. In this case, when the next measurement
was received from each pair of sensors, a Gaussian approximation of a posteriori p.d.f. of the vector of the UAV movement
parameters was performed. The quasi-optimal adaptive filter contained four channels which were related by general feedback.
The implementation of the quasi-optimal algorithm did not require significant computational costs.

The quasi-optimal adaptive filtering algorithm (32)...(41) allows to eliminate the uncontrolled increase of estimates
errors of the UAV movement parameters, caused by the appearance of anomalous measurements in comparison with the

Kalman filter.
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