A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne4(27)2022

I/IHHOBaIII/IﬂJII)IK TEXHOJIOI'UA KOHC aBAUNIUAJIBIK TEXHHUKA
I/IHHOBaIII/IOHHbIe TEXHOJIOI'MM U AaBHUAIIMOHHAaS TEXHUKA
Innovative technology and aviation technics

DOI 10.53364/24138614_2022 27 4 7
UCD 629.681.7

!Keribayeva T.B*., IRysbekova A.A., !Seifula G.N., Toilybai O.
1JSC «Academy of Civil Aviation», Almaty, Kazakhstan

*E-mail: talshyn.keribayeva@gmail.com

DETERMINATION OF UNCERTAINTY IN THE FLIGHT MOTION OF AN
UNMANNED AERIAL VEHICLE BY MEANS OF REGULATOR SYNTHESIS

PETTEI'III CUHTE3IHIH KOMEI'ITIMEH, YIIKbILICbI3 YIIY
AIIMMTAPATBIHBIH ¥IIY KO3FTAJIBICBIHAATBI BEJIT'ICI3AITI'TH AHBIKTAY

ONPEAEJIEHUE HEONIPEAEJIEHHOCTH B JIETHOM JIBUKEHUU
BECIIMJIOTHOI'O JIETATEJIBHOI'O AIIITAPATA C ITIOMOILIbIO
PEI'YJISITOPHOI'O CUHTE3A

Abstract. This article highlights the fact that the development of unmanned aerial vehicles
(UAVs) is a dynamically developing direction, which has recently been of particular interest to
UAVs, as well as a number of their features and application areas. The main direction in the
development of UAVs is to increase the autonomy of flights, which in turn increases the reliability
of the device, provides ease of operation without requiring a high level of qualification of the operator,
as well as reduces the overall cost of completing the task. We show the control system of an unmanned
aerial vehicle, the impact of obstacles in the flight of an unmanned aerial vehicle and the presence of
difficulties arising in the landing conditions.

Keywords: unmanned aerial vehicle, unmanned aerial vehicle control system, unmanned aerial
vehicle movement model, system of equations.

Anparna. by makanaga yimkelncs3 yiry annapattapbiH (¥ ¥ A) a3ipsey KapKbIH/IbI 1aMblIl
KeJie JKaTKaH OarbIT OOJBIN TaOBIIATHIHBI, COHFBI YaKbITTa ¥ ¥ A JIETCH €peKIe KbI3bIFyIIbUIBIK ITeH
onapAblH OipKaTrap epeKIIeNiKTepi MEeH KOJJaHy cajanapbl atan alTeliaabl. ¥ ¥A-H o3ipieyneri
Heri3ri OarpIT ymry JepOecTiriH apTThipy OoJbll TaObulaabl, Oyl ©3 Ke3eriHje ammaparThlH
CEHIMJIUIITIH apTThIPaJIbl, ONEPaTOP/IbIH KOFapbl OUTIKTLIIK JAEHICHIH Tanamn eTrneu, naiananyabiy
KapanaibIMIbUIBIFBIH KAMTaMachl3 €Te/li, COHali-aK TalChIpMaHbl OPBIHAYFa KYMCAIATBIH KaJIIbl
IIBIFBIHIAPBI a3aiiTaapl. Y IIKBIIICH3 YTy amnapaTbiHBIH OacKapy *KYWECiH, YIIKBIIICHI3IAp/IbIH
yiry OGapbICBIHJIAFbI KeAEPriIepAiH ocepl MEH KOHY KaFAalblHIa TYBIHAAWTBIH KHUBIHIBIKTAPIbIH
0OJTyBIH KOpPCETEMI3.

Tyiiin ce3aep: YIIKBIIICHI3 YIIIy anmapaThl, YIIKBIIICHI3AapAbl OacKapy Kyieci, YIIKBIIICHI3
YIIIy anmapaTbhlHbIH KO3FaJIbICHIHBIH MO/JIENI, TEHACYNEp KyHeci.

AnHoTanusi. B naHHO# cTaThe OTMEYaeTcs, 4yTO pa3pabOTKa OECHMIIOTHBIX JIETAaTEIBHBIX
anmmapatoB (BJIA) sBnsieTcss AMHAMMYHO Pa3BUBAIOMIMMCS HAMPABICHHEM, B TOCIETHEE BpeMs
0co0bIi nHTEpec peacTaBisioT bJIA u psan ux ocobeHHocTel u oonacteit mpuMmeneHusi. OCHOBHBIM
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HanpasieHueM B pazpabotke BJIA sBisieTcs MOBBILIEHHE CAMOCTOSTENILHOCTH TOJIETOB, YTO B CBOIO
ouepesib IOBBIIACT HAAEKHOCTh ammapara, oO0ecledynBaeT MPOCTOTY 3KCILIyaTallud, HE Tpelys
BBICOKOTO YPOBHS KBaJM(HUKAIIMH ONEepaTopa, a TaKKe CHIKAET OOIIre 3aTpaThl Ha BBHITOJHEHHE
3agaHus. llokaxeM cucTeMy ynpaBiieHUs OECHMIOTHBIM JIETaTENbHBIM allapaToM, BIIHUSHHUE
IPEMSATCTBUA Ha I0JieTe OECNMIOTHUKOB M HAIWYUE TPYAHOCTEH, BO3ZHUKAIOIIMX B YCIOBHAX
ITOCAJIKH.

KiroueBble cioBa: OecnWIOTHBIM  JIETaTENbHBIM — ammapar, CHCTEMa  yIPaBICHUS
OeCHMWIOTHUKAMU, MOJIEb IBM)KEHUS OECIIMIIOTHOrO JIETaTeJIbHOTO anmapaTa, CicTeMa ypaBHEHH.

Introduction. As science and technology advance day by day, the conquest of new milestones
in human history is revived. Today, science has reached many heights, and drones are proof of that.

Let's briefly touch on the variety of drone types: there are different types of drones by design.
UAVs are classified according to interrelated parameters such as weight: flight time, range and flight
height.

We know that UAVs are widely used in military defense, surveying and civilian programs. It
also contributes to scientific research, such as the use of drones in environmental research. Due to the
rapid development of drone technology that has become available over the past decade, they are in
high demand in wildlife research, especially aerial photography. Scientists have determined the
effectiveness of drones compared to planes for marine fauna studies taking aerial photographs of the
sea [1]. Scientists from Calvin University studied the impact of drones on the bird world and they
showed that drones do not cause the birds stress, making drones a better option for studying them.

[2].

Materials and methods. In the case of information uncertainty, the synthesis of software
control of an unmanned aerial vehicle is carried out. On the basis of the mathematical model of the
UAV guidance described in the discrete-variable coordinate system the method of analytical synthesis
of the UAV control law according to the given quality criterion at guidance along the trajectory
passing through the given points of space which is characterized by the solution of the optimization
problem is offered which allows to form the optimal control law in changing conditions of the UAV
application. On the basis of a fuzzy regulator formulated methodology for the formation of the control
signal of the UAV autopilot, which includes algorithms for forming the optimal trajectory of the
UAV, phasing of random input signals, calculation of control parameters and obtaining the control
signal. signals of the UAV autopilot, which allows it to provide the necessary quality control in terms
of information uncertainty [3].

Of particular importance is the development of domestic unmanned aerial vehicle (UAV)
control systems, which belong to the class of structures that are subject to the influence of random
external forces, measurement noise, and other perturbations. UAV manufacturers, due to changes
under the influence of unknown parameters in a wide range, the synthesis of high-precision systems
requires the search for solutions from the class of modern control systems.

The development of modern control theory began with works in the field of adaptive, interval
(interval-determined), uncertain and stochastic (uncertain and stochastic systems) systems.

The means to improve the effectiveness of UAV control in the face of obstacles to the UAV
control system are described. It is duplicated by local radionavigation systems based on false satellites
to improve the immunity from interference of satellite radionavigation systems. In order to improve
the accuracy of positioning of aircraft, the possibility of using a combined method of spatiotemporal
and spatial-frequency processing of navigation signals is defined [4].

If we synthesize UAV motion under uncertainty. For different levels of research uncertainty,
the mathematical model of the UAV is provided with lower control accuracy compared to the
proportional regulator with constant coefficients obtained for the model.

Results and Discussion. In estimating the vector state, we consider the coefficients of the
equations of linear motion of the aircraft simultaneously with the vertical-horizontal flight algorithm.
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Let us write the longitudinal model taking into account the wind acceleration, motions in the state
space:

X=AX+BU+ & 1)

Here is the vector state;

X = [AV A A9 Aw, AH]T - velocity stabilization errors, angles

AV AG AY Aw,, AH - trajectory and pitch angles, angular velocity, and pitch altitude;

U- control of the helicopter

E=1[§ ¢, 0¢, 0]" - vector of random wind gusts

A- matrix state; B- control matrix

The elements of matrix A and B depend on airspeed and inertial-mass characteristics.

We derive the estimation parameters A and B from the state vector and its derivative [5]. From
this we obtain 2 measurement equations:

Y =AX+BU+E+E

YZ =X+ 5}’2
Here Y; and Y, are the measurement vectors of the components of the state vector and its
derivative; the component of the measurement vector is the noise vector Z;yz =

y1’

(&, & & &, Exl T the state vector is the product of the noise vector of the state measurement

— T
component é;yl = [Ey &g €4 &, Egl
In the tracking device algorithm, the vector U* is used not only as a part of the measurement

vector, but also as a control vector. If separate sets of sensors are used, then for X and their noises
can be considered independent. As a result, the control process looks as follows:

X=U"+¢
A=0
B=0 (2)
or if we introduce an extended state vector
X* — [XT aT]T

where the equations-columns of the vector-coefficients written in the order a-(1), i.e., the rows of
matrices A and B,

X =[X"a" (3)
In the control process equation (3), the extended input control vector U™* = [U *T O]Tand the
extended deviation vector & = [& 0]T
Measurement equation:

= 5] - [ ]
oY =F+¢,
Here F = [AX;BU] , fy = [%]
V2

The nonlinear Kalman filter algorithm can now be used for the control process (3) and control
conditions (4) [5]:

X=U"+P (g—;)T S;1(Y —F(R,U)) (5)
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« equation of the control device;

: oF\T _q 0F _
P+p ( ax*) Sy 2P =S5, (6)
« the equation of the correlation error matrix P.

Estimation of the X extended state vector in the algorithm (5), (6).

Sy is the matrix of measurement noise intensity & v’

S, - intensity matrix of random perturbations &';

)
OF 14 —(4X + BU)

" da
0X ] 0

[-unit matrix.
For the model of longitudinal motion of the UAV described by system (1), when using only the
altitude rudder as the control system

9,

AV A8 A9 AS, O 0 0 0 0 0 0 0 0 0

[ 0 0 0 0 AV A8 AV A5, O 0 0 0 0 0 }
=10 0 0 0 0 0 0 0 0 0 0 0 0 0

[ 0 0 0 0 0 0 0 0 AV A6 A9 Aw, AS, O J

0 0 0 0 0 0 0 0 0 0 0 0 0

oF . _ : : .

X if we take into account linear independence of matrix columns.

Algorithm of joint evaluation and identification of equations (5) and (6).
To verify the performance of the algorithm (5), (6), mathematical modeling was conducted
using the Matplotlip Python Plotting program.
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Figure 1. Coefficients of the first and second rows of the UAV longitudinal motion state
matrix.
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At the same time, the estimation of the motion parameters and the determination of the
parameters of the light UAV model were performed simultaneously. The object under study turned
out to be a completely nonlinear system of equations of motion. The flight of the aircraft was
simulated taking into account the random noise of the sensors.

Synthesis of a controller. The control law can be obtained by synthesizing optimal controllers
based on analytical theory [2, 4, 5]. For a linear object (1) is optimal in terms of minimum
functionality.

I=["X"QXdt + [ UTRUdL (7)

Manager U = —R™'BTSX
The solution of the algebraic S-Riccati equation of this
S+SA+ ATS —SBR™'BTS=—-Q (8)
In the last expression A—algorithm (5), (6) is evaluated using the state matrix; Q, R are matrices
of positively determined coefficients defining the ratio of control accuracy requirements and the
amount of control of individual state parameters.

Simulation of the synthesized adaptive regulator was performed under various conditions of
uncertainty, and its results (Fig. 2) indicate significant limitations of using such an approach.

[=]

ra
=
o

pan

[=]
jry
[

[ =]
BhicoTta, M

=

&
=
[

(=]
T

~ VTon TaHTaka,

=1
]

L L H i 1 : y L i K I 1 | 1 | 1 1 1 1
0 100 200 300 400 500 600 700 &00 SO0 S0 100 200 200 400 500 GO0 700 GO0 S00
Bpewma, ¢ Bpena, ¢

Figure 2. Adaptive errors in UAV control based on the nonlinear controller (5), (6).

Fig. 1 and Fig. 2 show the motion parameters of the UAV, which were in error under a wind
speed of 20 km/h and a moment of inertia of 20%. In this case, if the airspeed is known to an accuracy
of 3 km per hour. In the absence of airspeed information, the control algorithm is unprofitable because
of the long transitions of the identification algorithm

Conclusion. Determining the effects of the natural environment on drones in different
situations. Observing the motion of UAVs under conditions of uncertainty. Estimating the vector of
state, the coefficients of the equations of linear motion of the aircraft, while considering the algorithm
of vertical-horizontal flight. We write a longitudinal model, taking into account the wind excitation,
situation, and get the drone motion in space.
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