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IDENTIFICATION OF UAV MODEL PARAMETERS FROM FLIGHT
AND COMPUTER EXPERIMENT DATA

The object of research in the article is various well-known approaches and methods of structural and
parametric identification of dynamic controlled objects - unmanned aerial vehicles (UAVs). The subject of the
research is the parameters of linear and nonlinear mathematical models of spatial and isolated movements,
describing the dynamics and aerodynamic properties of the UAV and obtained both from the results of flight
experiments and using computer object-oriented programs for 3-D UAV models. The goal is to obtain
mathematical models of UAV flight dynamics in the form of differential equations or transfer functions, check
them for reliability and the possibility of using them in problems of synthesis of algorithms for automatic
control systems of UAVs. Tasks to be solved: evaluation of the analytical (parametric), direct (transient), as
well as the identification method using the 3-D model of the control object. Methods used structural and
parametric identification of dynamic objects; the determination of static and dynamic characteristics of
mathematical models by the type of their transient process; the System Identification Toolbox package of the
MatLab environment, the Flow Simulation subsystem of the SolidWorks software and the X-Plane software
environment. The experimental parameters of UAV flights, as well as the results of modeling in three-
dimensional environments, are the initial data for the identification of mathematical models. The following
results were obtained: the possibility of analytical and computer identification of mathematical models by
highly noisy parameters of the UAV flight was shown; the mathematical models of UAVs obtained after
identification is reliable and adequately reproduce the dynamics of a real object. A comparative analysis of the
considered UAV identification methods is conducted, their performance and efficiency are confirmed.
Conclusions. The scientific novelty of the result obtained is as follows: good convergence, reliability and the
possibility of using the considered identification methods for obtaining mathematical models of dynamic
objects to synthesize algorithms for automatic control systems of UAVs is shown.

Keywords: identification; transfer function; transient response; flight experiment; model parameters;

mathematical model.

Introduction

Determination of the aerodynamic parameters of
the designed UAV at present is possible not only by
blowing in the wind tunnel, but also by using software
[1, 2]. Blowdowns in a wind tunnel are time-consuming:
it is often required to create a reduced copy of the UAV
under investigation; steering surfaces are in a static
position; the operation and influence of the automatic
flight control system on aerodynamic characteristics are
not taken into account. In this paper, we use and
compare the existing methods for identifying [3 - 5]
parameters of dynamic objects using the example of a
“B-kopter” designed and built SUAV of an aircraft
scheme (Fig. 1). The SUAV is made according to the
normal aerodynamic scheme with two traction motors
that rotate two-bladed propellers. The motors rotate with
their own servos relative to the transverse construction
axis from the normal position (Fig. 1) to a parallel

longitudinal axis (angle o).

Differential stabilizers

Fig. 1. SUAV “B-kopter”

The model is controlled by changing the module
and the direction of the thrust vector, deviating the
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differential stabilizer and rudder. Researches are car-
ried out for the purpose of reception dynamically simi-
lar mathematical model of a drone for the analysis of its
characteristics of stability and controllability, synthesis
of structure and laws of control of onboard ACS -
autopilot.

1. Problem statement

The initial data for identifying UAV parameters
can be its static or transient characteristics, according to
which the aerodynamic and gear coefficients of the
model must be obtained with maximum reliability, the
moments of inertia are specified. The UAV is consid-
ered a solid body, the elasticity of the structure and
screws is not taken into account. The criteria for as-
sessing the quality of identification are such
indicators [6] as overshoot o, transient time tt, and the
number of oscillations M.

2. Review of the literature

Theoretical bases of identification of systems [3]
assume the presence of observations or measurements
of parameters of the control object state vector, as which
in this paper is selected SUAV “B-kopter”. In most
cases, the models of research UAV and small class [2]
are designed and manufactured without using of
calculations, preliminary construction of 3-D models
and blowing in wind tunnels or virtual environments. At
designing of similar objects the approach described in
work [7] gives the best results. It is based on the
consideration of all the features inherent to the flying
model: the structural scheme, aerodynamics, power
plant and the control system itself. Blows do not allow
to obtain directly the dynamic components of
aerodynamic coefficients, which depend on the angular
velocities or bevel of the flow, which significantly
reduces the reliability of the mathematical simulation of
the UAV dynamics and the concept of flight charac-
teristics of the model. The comparative analysis of
possible identification methods at the stage of design
and flight tests helps to clarify the model parameters
and assess the adequacy of its dynamic properties. From
various identification methods [3, 4] for the study were
chosen: analytical (parametric), direct (by transient
process) and with the use of MatLab on the results of
the flight experiment, as well as identification by 3-D
model of the control object.

3. Materials and methods

Parametric identification is made on the basis of
the transition characteristic of the SUAV “B-kopter” by

height (Fig. 2) with a stepped increase in the speed of
rotation of engines, obtained as a result of flight
experiment (the transient in ms on the abscissa axis and
the altitude in m on the ordinate axis are plotted).

The process of height change allows to draw a
conclusion that such movement is comparable to the
dynamics of the oscillating link, but there are also
higher frequency harmonics.
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Fig. 2. Change in flight altitude

Consequently, the dynamics of movement of the
model by height in the first approximation can be
described, at least, by the third order differential
equation in the presence of constant and velocity input
influences by the formula (1):

ay .3./.+a2 ;/+a3 )./+y= k(a, >'<+ X). 1)

We apply the Laplace transform [5] to equation (1)
in the sample (2):

(a;5° +a,5% +a;5+1)Y(s) = k(as +)X(S),  (2)

then the transfer function of the SUAV in height is
equal to formula (3):

Y(s) k(a, +1)
X(s) as°+a,s%+ags+l

W(s) = (3)

It is necessary to find the coefficients a,, i =14 in

(1) or (3). Let's select four points y; in the transient
graph (see, Fig. 2) at the current time [k]. Taking into
ac-count the assigned To, let us define for them the
values in the previous moments of time [k-1], [k-2],
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[k-3] and record equation (1) in the difference form by
the formula (4):

o, YIKI=3yTk 1]+ 3yl 2]~ yIk 3]

E
1, M2 2131k

o @
+a3 y[k—Z]—y[k—S] +y[k—3] —

TO
X[k — 2] - X[k — 3]
=q——

0

+ X[k —3].

Substituting in (4) the values of yi, Yo, Y3, ya al-
lows us to reduce the search for the coefficients a; to
solve a system of equations with four unknowns [3], and
then form the transfer function (3).

Identification in the MatLab environment was per-
formed using the same experimental data on UAV flight
altitude changes (see, Fig. 2), which are loaded into the

is the third of the identifiable transfer function of the
model by height (3) are set.

Synthesis of the mathematical model of “B-kopter”
in the X-Plane environment [9] was carried out at the
stage of UAV design, for which the 3D model was cre-
ated (Fig. 4) with the obligatory indication of mass
geometric data, steering surfaces, parameters and flight
modes. In the environment of X-Plane on the formed
3D-model and the described connections of parameters
s-model for Simulink MatLab [9] has been received.

In case of application of ACS for piloting or
stabilization it is necessary to specify its functional
communication with model parameters, then the
3D-model is integrated into Simulink MatLab
environment.

Identification on transient process [6] is possible at
absence of high-frequency components in dynamics of
movement. However, real transients (see, Fig. 2) require
approximation or filtering of high harmonics, which can
be performed using algorithms of Kalman’s filtering
[4,5]. Direct identification was used to obtain the

System Ider!tification Toolbox package (!:ig. 3) _by SUAV mathematical model by flight speed.
arrays or objects of the IDDATA class (Time domain,  Nonjinearities of transient  characteristic  were
Frequency domain, Object). The data names and eliminated by linearization [6].
parameters [8] are entered, the order of the numerator
polynomials is the first and the denominator polynomial
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Fig. 3. System Identification Toolbox package



Ilpoexmyegannsa nimanpvHux anapamis

15

| vind Vind Vtrue Vtrue Vind Vtrue Vtrue

| 27 94.28.20.28,87 35 31
ias keas ktas ktgs mph mphas mphgs

Gload Gload Gload

0.968 0.080 0. ODB

norml axial side

trim trim flap flap slat sbrak sbrak
D COD 0. r\r\o O COD 0.000 1.000 0.000 0.000
ev ailrn ruddr handl postn ratio handl postn

0 It alt
.44 1133 1133
deg ftmsl ftagl

1.00 000
pa xt part

§ vertl vert2

32.15 32.99 40, 63— ———————— 00 .04 90.19

tvect tvect

Fig. 4. 3D model in the X-Plane environment

4. Experiments

The flights of “B-kopter” were carried out in the
modes of “hovering” (vertical take-off and holding the
position coordinates in space) and flight with progres-
sive speed.

The model motion parameters (speed, altitude, an-
gles and angular velocities, accelerations, etc.) during
experimental flights were recorded in the memory of the
APM 25.8 controller and used to identify its char-
acteristics. We used both manual control mode from the
FS-T6 remote control and automatic control according
to the program wired in APM 2.5.8. The flight diagram
of the model was set in the Mission Planner
environment [10], which allows the FPV Radio Teleme-
try to receive in real time all the information necessary
for the experiment, including time charts (logs) of flight
parameters. The thrust characteristic of the model
engines, which determined the gear coefficient k of
equation (1), was recorded in the starting state of the
model using electronic scales.

5. Results and Discussion

In Fig. 5, a shows the H change logs in the “hover”
mode, two “B-kopter” takeoffs are visible at 8-second
intervals (the transient in *10% ms on the abscissa axis
and the altitude in m on the ordinate axis are plotted).

The air velocity sensor Vy (blue line) and mini
barometer H (green line) values at low altitude
progressive motion are shown in Fig. 5, b (the transient
in s on the abscissa axis and the altitude with the air
velocity in m and m/s respectively on the ordinate axis
are plotted).

In parametric identification, the transfer coefficient
k in the equation (1) was determined by the traction
static characteristic of engines “B-kopter” at the input
PWM signal 550 ms and has the value k = 0.002. To
calculate the values of the coefficients a; we will assign
the sampling period To =0.2 s.

Let's determine the numerical values of the flight
altitude (see, Fig. 2 and 5) at different moments of time:

yl[k] =0.2; yl[k -1] =0.215; yl[k —2] =0.25;
yl[k -3]=0.38;

y2[k]=0.98; y2[k —1] =1.025; y2[k — 2] =1.05;
y2[k —3]=0.93;

y3k]=1.1; y2[k -1] =1.18; y3[k —2] =1.08;
y3[k —3]=1.015;

y4[k]=0.77; y4[k —-1] =0.74; y4[k — 2] =0.75;
y4[k —3]=0.76;

substitute in equation (4), we obtain a system of equa-
tions with four unknowns in the equation (5):
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Fig. 5. Transients for: a — flight altitude in “hover” mode, b — air velocity sensor and mini barometer

-9.375a, +2.375a, —0.65a, +0.38 =

=-0.65a, +0.76,

15.625a, —3.625a, +0.6a; +0.93 =

=0.6a, +0.76, 5)
—26.875a, +0.875a, +0.325a; +1.015 =
=0.325a, +0,

-1.25a, +0.25a, +0.05a; +0.71 =

=0.05a, +0.76.

The solution of system (5) leads to numerical
values of the coefficients a; = 17.78, a; = 84.58,
az = 649.26, as = 598.3 in (1) and (3). The transfer
function of the SUAV in the movement along the height

during the setting action is equivalent to a third-order
link with a boosting component:

Y(s) 598.3s+1 5
X(s) 17.78s° +84.585% +649.36s +1

Wy (s) =

According to the transfer function (6) in Simulink
MatLab the transient process of motion of the
mathematical model “B-kopter” by height is obtained
(Fig. 6, a) (the transient in *102 ms on the abscissa axis
and the altitude in m on the ordinate axis are plotted).

The identification of the SUAV mathematical
model in the MatLab environment using the System
Identification Toolbox package [11] resulted in the
desired transfer function of the model, obtained from
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the height characteristic transient data arrays (see, Fig. 2
and 6, a), with numerical parameters:

_Y(s) 802.9s+1.85-107°

TX(s) (3634.8s+1)
1

(233155 +1)(22.165+1)
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Fig. 6. Transients for: a — flight altitude in “hover”
mode, b — air velocity sensor and minibarometer

The result of comparing the movement of
“B-kopter” by height, obtained by simulating in
Simulink MatLab identified model (7), with the
experimental flight data is shown in Fig. 6, b (the
transient in ms on the abscissa axis and the altitude in m
on the ordinate axis are plotted). Here the line number 1

denote the experimental data, and the line number 2
indicates identification result. Coincidence of dynamics
of the identified model (7) with the real one was 84%.
Using the analytical identification method, the transient
time was 2 s, whereas using the Matlab package it was
0.25 s. The overshoot rate ¢ was 26% and 23%,
respectively. The oscillation rate M was 1.2 for
analytical identification and 1 for Matlab.

Synthesis of the mathematical model of “B-kopter”
in the X-Plane environment requires a full description of
the 3D model of “B-kopter” (see, Fig. 4) with an
indication of the functional relationship between the
ACS and its parameters, it allowed to obtain the s-model
in the X-Plane environment. After integration of
structure of s-model in Simulink MatLab it is
transformed to dynamically similar model (see, Fig. 7)
which can be ap-plied to the analysis of characteristics
of stability and controllability of the SUAV on various
modes of flight on all parameters of movement specified
in 3D-model.

Motion modeling by height of the obtained model
(see, Fig. 6) showed a significant tightness of the output
at a given height and the appearance of “small”
oscillations (Fig. 8, a) (the transient in s on the abscissa
axis and the altitude in ft on the ordinate axis are
plotted).

The quality indices of the transition process in
height when the autopilot was operating with the control
laws synthesized during the identification process were
obtained. The transient time was 18 s, the overshoot was
3%, while there was no oscillation.

Direct identification of the SUAV mathematical
model by the transition characteristic of flight speed
(see, Fig.8,b) is possible after filtering and
linearization of the corresponding flight speed of the
logs, since the air speed sensor is very sensitive and its
output signal contains a lot of noise. Here the blue line
denote the experimental data, and the black line
indicates result after filtration (the transient in ms on the
abscissa axis and the air velocity in m/ms on the
ordinate axis are plotted) in the Mission Planner
environment [10] and then linearized (Fig. 9) (the
transient in ms on the abscissa axis and the air velocity
in m/ms on the ordinate axis are plotted).

Using the linearized transient, the SUAV transfer
function was determined by speed when the angle of
engine installation Ace was changed, similar to the
aperiodic link in the equation (8):

Vx(s) — kV — I(V
Aog(s) as+1 Tys+1’

Wy, (s) = (8)

and its parameters: transmission coefficient ky = 0.2 at
Aae = 5 deg, time constant Ty = 377 ms.



) ISSN 1727-7337 (print)
ABIAIIIMHO-KOCMIYHA TEXHIKA I TEXHOJIOI'I, 2021, Ne 6(176) ISSN 2663-2217 (online)

]

current height2

)

w altitude »
1 PID(s) f throttle :
"’@" @' vy heights

Height ‘ ‘ X-plane b-copter —‘

L]

current height1

Fig. 7. s-model “B-kopter”

= T ! ! ! ! !

0 500 1000

Fig. 8. Transients for: a — s-model “B-kopter” by H, b — speed Vy



Ilpoexmyegannsa nimanpvHux anapamis

19

14

1.2

376 378

Fig. 9. Linearized transient response for “B-kopter” flight speed

For comparison, the identification of the transfer
function parameters (8) was carried out according to the
experimental data (see, Fig. 5) in Toolbox identification
MatLab. The transient quality indicators of the model
(8) obtained by direct identification and using Toolbox
identification MatLab. When identifying through the
MatLab package, the transient time was 12 s and the
overshoot rate was 4%. With direct identification, the
transient time was 5 s with no overshoot.

An analysis of the flight results (see, Fig. 5) shows
that when identifying areas with clearly expressed
deviations from the stabilized parameters, it is possible
to identify and determine the transfer functions of
mathematical models of SUAV motion dynamics (6),
(7), (8). The good performance of model (7) compared
to the model (6) obtained by the analytical method, with
almost equal overshoot, is explained by the difference in
identification algorithms, as well as the clear
correspondence to the transition process (see, Fig. 2) of
the points yi. Despite the rather high coincidence (84%)
of the transfer function (7) with flight data, analytical
identification with a low order of the model is
preferable to that performed in MatLab.

Obtaining a mathematical model of the “B-kopter”
in the X-Plane environment is convenient and
appropriate at the initial stages of design, when it is
impossible or economically inexpedient to produce a
real model and conduct a flight experiment. In addition,
this identification method allows you to simultaneously
synthesize the structure and algorithms of the control
system in a nonlinear form (see, Fig. 7).

Transient identification is possible for isolated
simple movements, the parameters of which do not con-
tain high-frequency components or have been filtered.
So the model in terms of flight speed (8) has better

quality indicators compared to the one performed in
MatLab.

Analysis of two flight experiments by height
(see, Fig. 5, a) shows deterioration of transients - tpp =
= 3540 s, o = 7-10 %, M = 2-3 as compared to
modelling - tpp = 0.25-2 s, 6 = 23-26 %, M = 1-1.2.
This is due to the simplicity of the identifiable
mathematical models, the lack of accounting for the
operation of on-board equipment elements and the
dynamics of engines and propellers.

Conclusions

The examples presented in the work of
determining the parameters of linear models of SUAVs
“B-kopter” using various identification algorithms
showed the reliability of the obtained mathematical
models, the possibility of their use for the analysis of
dynamic properties. The choice of identification method
is determined in each case. It is advisable to use various
methods, comparing their results with a flight
experiment. The mathematical models obtained in the
work of isolated types of UAV motion are planned to be
used to synthesize the control laws of onboard ACS,
analyze the influence of the obtained algorithms on
stability and controllability, the accuracy of stabilization
of the angular position and a given flight path.

Acknowledgements

The authors are grateful to V. A. Yatsenko
(Leading Engineer of the Department of Control
Systems, NAU “KhAI”) for technical assistance in the
manufacture of the model. Researches have scientific
and organizational connection with the state budgetary



ABIAIIIMHO-KOCMIYHA TEXHIKA I TEXHOJIOT'I4, 2021, Ne 6(176)

ISSN 1727-7337 (print)
ISSN 2663-2217 (online)

research work [12], however were carried out for
personal means of authors.

References (GOST 7.1 2006)

1. Dassault Systemes Basic elements of SolidWorks
[Drexmponnsrii pecypc] | Dassault Systemes Solid-
Works Corporation —  Pexcum docmyna:
https://www.solidworks.com/sw/docs/student_wb_2011
rus.pdf. — 3.06.2021.

2. Unviowro, B. M. Becnunomuvie nemamenvhvie
annapamoi:  Memoouxku npubIUICEHHBIX — pPACYEmO8
OCHOBHBIX napamempos u xapaxmepucmux [Texcm] /
B. M. Hnvrowrko, M. M. Mumpaxosuu, A. B. Camkos,
B. U. Curkog [u Op.]; noo peo. B. U. Curxosa. — K. :
L[HUU BBT BC Vkpaunwi, 2009. — 304 c.

3. Duxxogpg, I1. Ocrnogvl uoenmupurayuu cucmem
ynpaenenus [Texcm] / I1. Duxxopgh. — M. : Mup, 1975.
— 680 c.

4. [einkun, A. 3. Hupopmayuonnas meopus
udenmugpuxayuu [Texcm] / A. 3. Leinkun. — M.
Hayxa, 1995. — 336 c.

5. UAV Attitude Estimation Using Nonlinear
Filtering and Low-Cost Mems Sensors. IFAC-
PapersOnLine [Text] / B. Kada, K. Munawar,
M. S. Shaikh, M. A. Hussaini, U. M. Al-Saggaf // IFAC-
PapersOnLine. — 2016. — Vol. 49, no. 21. — P. 521-528.
DOI: 10.1016/j.ifacol.2016.10.655.

6. becexepckuti, B. A. Teopus cucmem
ABMOMAMULECKO20 VIPasIeHUs. [Texem] /
B. A. Becexepckuii, E. I1. Ilonos. — CII6. : I[Ipogheccus,
2007.—-752 c.

7. Kouyx, C.Bb. O xomniekcHom nooxode K
NPOEKMUPOBAHUIO — MAL02ADAPUMHBIX
nemamenvhvix annapamos [Texcm] / C. b. Kouyx //
Omkpuvimeie  UHPOPMAYUOHHBIE U  KOMNLIOMEPHbIE
unmezpupoganuvie mexnonrozuu: co. — X. : XAU, 2016.
—MNe 74. — C. 49-54.

8. Mvsxonos, B. II. MATLAB. Iloanvui
camoyyumensv [Texcm] / B. I1. [lvaxonos. — CI16. : JIMK
Ilpecc, 2011. — 768 c.

9. Laminar Research X-Plane simulator
[Onexmponnwiii pecypc] / Laminar Research. — Pesicum
oocmyna. https://www.x-plane.com/. — 3.06.2021.

10. ArduPilot Dev Team Mission Planner Home
[Onexmponuwiti pecypc] / ArduPilot Dev Team. —
Peoicum oocmyna: https.//ardupilot.ovg/planner/docs/. —
3.06.2021.

11. Mathematical Modelling and Parameter
Identification of Quadrotor (a survey) [Text] / Anezka
Chovancovd, Tomas Fico, Lubos Chovanec, Peter
Hubinsk // Procedia Engineering. — 2014. — Vol. 96. —
P. 172-181. DOI: 10.1016/j.proeng.2014.12.139.

12. Paspabomka HAYUHBIX OCHO8 PAYUOHANLHOZO
YhpaeneHus

Oecnunommuulx

pabomocnocooHoCcmuvio cucmem

aA6MOMAamu4ecKo2o obvekmamu
aAIPOKOCMUYECKOU YC08UAX
Odecmabunusupyrowux gosoeticmsuti [Texcm]: omuem o
HUP  (npomexcymou.):  [301-7/2015@ / Hay.
aspokocm. yu-m um. H. E. JKyxoeckozo «Xapvroeckuii
asuayuonnvlil uncmumymy, pyk. Kyaux A. C. — Xapvxos
1 2015. — 185 ¢. — Ne TP 0115U000829. — HUns. Ne

0216U002189.

ynpaeneHus
MmexHuKu 8

References (BSI)

1. Dassault Systemes Basic elements of
SolidWorks. Available at: https://www.solidworks.com/
sw/docs/student_wb_2011_rus.pdf (accessed
3.06.2021).

2. Il'jushko, V. M. et al. Bespilotnye letatel'nye
apparaty: Metodiki priblizhennyh raschetov oshovnyh
parametrov i harakteristik [Unmanned Aerial Vehicles:
Approximate calculations of the main parameters and
characteristics]. Kyiv, CSRI AME AF of Ukraine Publ.,
2009. 304 p.

3. Jejkhoff, P. Osnovy identifikacii sistem
upravlenija [Basics of identification of management
Systems]. Moscow, Mir Publ., 1975. 680 p.

4. Cypkin, Ja. Z. Informacionnaja teorija
identifikacii [Information theory of identification].
Moscow, Nauka Publ., 1995. 336 p.

5. Kada, B. et al. UAV Attitude Estimation Using
Nonlinear Filtering and Low-Cost Mems Sensors.
IFAC-PapersOnLine, 2016, vol. 49, no. 21, pp. 521-
528. DOI: 10.1016/j.ifacol.2016.10.655.

6. Besekerskij, V. A., Popov, Ye. P. Teorija sistem
avtomaticheskogo upravlenija [The theory of automatic
control systems]. Spb, Professija Publ., 2007. 752 p.

7. Kochuk, S. B. O kompleksnom podhode k
proektirovaniju malogabaritnyh bespilotnyh letatel'nyh
apparatov [The integrated approach to the design of
small ~ unmanned  aerial  vehicles].  Otkrytye
informacionnye i  komp'juternye integrirovannye
tehnologii, 2016, no. 74, pp. 49-54.

8. D'jakonov, V. P. MATLAB. Polnyj samouchitel'
[MATLAB. Full self-instruction manual]. SPb, DMK
Press Publ., 2011. 768 p.

9. Laminar Research X-Plane simulator. Available
at: https:// www.x-plane.com/ (accessed 3.06.2021).

10. ArduPilot Dev. Team Mission Planner Home.
Available at: https://ardupilot.org/planner/docs/
(accessed 3.06.2021).

11. Chovancov4, Anezka., Fico, Tomas.,
Chovanec, Lubos., Hubinsk, Peter. Mathematical
Modelling and Parameter Identification of Quadrotor (a
survey). Procedia Engineering, 2014, vol. 96, pp. 172-
181. DOI: 10.1016/j.proeng.2014.12.139.

12. Kulik, A. S. Razrabotka nauchnykh osnov
ratsional’'nogo upravleniya rabotosposobnost'yu sistem



Ilpoexmyegannsa nimanpvHux anapamis 21

avtomaticheskogo upravleniya ob"ektami  objects in conditions of destabilizing influences. R&D
aerokosmicheskoi tekhniki v usloviyakh  report (interim): J1301-7/2015®]. National Aerospace
destabiliziruyushchikh  vozdeistvii. Otchet o NIR  University named after N.Y. Zhukovsky "Kharkov
(promezhutoch.):  /7301-7/2015@ [Development of Aviation Institute" Publ., Kharkov, 2015, no. GR
scientific fundamentals of rational control of the 0115U000829, inv. no. 0216U002189. 185 p.
operability of automatic control systems for aerospace

Haoitiuna 0o pedaxyii 14.09.2020, posensinyma Ha pedxoneeii 26.11.2021

IJEHTU®IKALISA TIAPAMETPIB MOJEJII BIIJIA 3A JTAHUMMA JIbOTHOI'O
TA KOMIT'IOTEPHOI'O EKCIIEPUMEHTIB

C. b. Kouyxk, Hzyen /lins /lone, A.O. Hiximin, Paghaens Tpyxinvo Toppec

O0'ekTOM JOCHI[DKEHHA Yy CTAaTTi € pi3HI BigOMi MIIXOAM Ta METOOM CTPYKTYPHOI Ta IapamMeTpUIHOi
ineHTu(dikaii JUHAMIYHHX KEpoBaHUX O00'ekTiB — Oec3miioTHuX JitTanbHux amapatie (BIUJIA). IIpeamerom
JIOCTIJKEHHSI € TapaMeTpy JIHIHUX Ta HeJIIHIMHUX MaTeMaTHYHUX MOJIeJIeH IIPOCTOPOBOrO Ta i30Jb0BAHHUX PYXIB, L0
OIICYIOTh AMHAMIKY Ta aepoauHaMiuHi BractuBocTi BITJIA, oTprMaHi SK 3a pe3yabTaTaMy JbOTHHX EKCIIEPHMEHTIB,
TakK i 3a JOOMOTOI0 KOMITTOTEPHUX 00'€KTHO-OPIEHTOBAHUX MPOTpaM i3 BUKOpUcTaHHAM 3-D moxeni BITJIA. Mera —
OTpUMaTH MaTeMaTH4Hi Mozeni auHamiku ooty BITJIA y Burmsai nudepeHianbHuX piBHAHB a00 HepeaaBaJbHUX
(GYHKIIHA, IepeBIpUTH X HA IPEAMET JOCTOBIPHOCTI Ta MOXKIIMBOCTI 3aCTOCYBAHHS 3a7]ad CHHTE3Y aJlTOPUTMIB CHCTEM
aBTOMaTHYHOTO yripaBiiaHsA BITJIA. 3aBaanHs, 0 BUPIIIYIOTECS: OLIHKA aHAITHYHOTO (MTapaMeTPUIHOTO ), TIPSMOTO
(mepexinHoro), a Takox Merony imentudikauii 3a monomororo 3-D moxenmi oO'ekra ympaBniHHA. Meroaum, 1o
BUKOPUCTOBYIOTBCS: CTPYKTYPHOI Ta MapaMeTpu4HOI ieHTUdikamii JMHaMIYHUX 00'€KTIB; BU3HAYCHHS CTATHYHUX 1
JMHAMIYHUX XapaKTEepPUCTHK MaTeMaTHIHUX MOZENICH Ha BUTIILL] iX IepexigHoro nporecy; naker System Identification
Toolbox cepenosuiia MatLab, migcucrema Flow Simulation mporpamu SolidWorks, nporpamue cepenosuiie X-Plane.
ExcniepumenTasnbHi napamerpu noibotiB BITJIA, a Takox pe3yiabTaTé MOJENIOBAHHS B TPUBUMIPHHUX CEPEIOBHUINAX €
BUXITHUMH JTaHUMH JJI 1IeHTU(IKaii MaTeMaTHIHUX Mojeneid. OTprMaHo Taki pe3yJabTaTH: IIOKa3aHa MOXKIIHBICTh
AHATITUYHOI Ta KOMI'IOTEPHOI ifeHTH(QiKamii MaTeMaTHYHHX MOJENeH i3 CHIBHO 3allyMJICHAMH TapaMeTpaMu
nonboty BIUIA, orpumani micnst inentudikauii matemarudni mozeni BIIJIA € gocroBipHMMH Ta ajeKBaTHO
BIZITBOPIOIOTH MHAMIKY pealibHOro 00'ekTa. [IpoBeieHo MOPIBHSIBHUN aHAaMi3 TOCTIPKyBaHUX METOIIB iMeHTHDIKaIi1
BIUTA, miaTBepIuKeHO iX Mpane3faTHICTh Ta eeKTUBHICTh. BucHoBKH. HaykoBa HOBH3HA OJEpKAaHUX PE3yIBTATIB
TOJISITa€ B HACTYITHOMY: OTPHMMAaHa BUCOKA 301KHICTh, HAIIHHICTh Ta MOXKJINBICTH BUKOPUCTAHHSI PO3IIITHYTUX METO/IB
imeHTudikamii i1 OTPUMAHHS MAaTeMaTHYHAX MOJCICH IMHAMIYHUX OO'€KTIB 3 METOH IMOJAJIBIIOTO CHHTE3Y
AITOPUTMIB CHCTEM aBTOMATHYHOTO ynpaBmiHHs BITJTA.

Kawuosi cioBa: imentudikamis; mepemaBambHa (YHKINS; TEPEXiTHUN TMPOLEC; JIHOTHUH EKCICPUMEHT;
rapameTpu MoJielli; MaTeMaTHYHa MOJIEIb.

NIEHTUOUKALIUA MTAPAMETPOB MOJEJIN BIUIA ITO JAHHBIM JIETHOI'O
N KOMIIBIOTEPHOI'O SKCITEPUMEHTOB

C. b. Kouyk, Heyen /Tune /lone, A. A. Hukumun, Pagharne Tpyxunvo Toppec

OO0BEeKTOM HCCIIEIOBAaHMSI B CTaThe SIBISIFOTCS Pa3jIMYHbIE M3BECTHBIE ITOJXOIBI M METOIBI CTPYKTYpHOH M
apaMeTpUIeCcKON MICHTUPHUKANH JHTHAMIYECKUX YIIPABISIeMbIX OOBEKTOB — OECHIJIOTHBIX JIETATEIHHBIX alllapaToB
(BILUTA). IIpeameToM wWCCieIOBaHUS SBIAIOTCS MApaMeTPhl JIMHEHHBIX M HEMTMHEHHBIX MaTeMaTHYECKUX MOJeleH
IIPOCTPAHCTBEHHOTO U M30JUPOBAHHBIX JABHKECHUI, OMUCHIBAIOIIUE JUHAMUKY U a3poJuHamMudeckue cpoiicta BITJIA
U TIONy4YEeHHbIE KaK 10 pe3yjibTaTaM JIETHBIX OSKCIIEPUMEHTOB, TaK M C IIOMOIIBIO KOMITBIOTEPHBIX OOBEKTHO-
OpueHTHPOBaHHBIX MporpamMm Mo 3-D mozgensm BITJIA. eab — momydyuTh MaTeMaTUYeCKHE MOJACTH JIMHAMUKH
nonera BIIJIA B Bune aunddepeHnnanbHpIX ypaBHEHUH WM NepeAaTouHbIX (QyHKIWH, TPOBEPUTh UX Ha IHpPEIMET
JIOCTOBEPHOCTU U BO3MOXKHOCTH IMPUMEHEHHMS B 33/1a4aX CHHTE3a aIrOPUTMOB CUCTEM aBTOMAaTUUECKOIO yNpPaBIECHUS
BIUTA. Pemaemble 3a1a4u: OIeHKA aHATTUTHIECKOTO (TIApaMETPHUYECKOT0), PSMOTO (MEPEXOTHOT0), & TAKKE METO/Ia
npeHTHUKanMu ¢ momomnipio 3-D momenn oObekTa ympapieHus. Vcmonb3yeMble MeTOABI: CTPYKTYPHOH U
MapaMeTpUuecKOl HACHTU(QUKAIMK JTMHAMUYECKHX OOBEKTOB; OINpEJeiIeHHe CTaTUYeCKHX W JAMHAMHYECKUX
XapaKTEePUCTUK MAaTEeMaTHIECKUX MOJENIEH 0 BUAY MX MEepexoIHOro mpomecca; maket System Identification Toolbox
cpenl MatLab, momcucrema Flow Simulation mporpammer  SolidWorks w  mporpammuas cpema  X-Plane.
OxcnepuMeHTanbHble mapamerpsl nonetoB BITJIA, a Takxke pe3ynabTaTbl MOJETUPOBAaHHA B TPEXMEPHBIX Cpenax
BBICTYNAIOT HWCXOJHBIMH JIaHHBIMHM I WACHTHU(UKanmy MareMaTndeckux wMozeneil. IlomydeHsl ciemyromme
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Pe3yabTaThI: [I0Ka3aHa BO3MOXKHOCTh aHATUTHYECKON M KOMIIBIOTEPHOM MICHTH(HUKALMA MaTeMaTHUeCKUX MoJeieit
TI0 CHJTBHO 3alllyMJICHHBIM Iapamerpam nosieta BITJIA, nomydeHHbIe nmocne naeHTH(GUKAINT MaTeMaTHIeCKUEe MOAEN
BIUTA sBmAtOTCS OCTOBEPHBIMH W aJ€KBATHO BOCIIPOM3BOIT IWHAMHKY pealbHOro oObekta. I[IpoBemeH
CpaBHUTENBHBIN aHaIN3 paccMaTpuBaeMbIX MeTooB naeHTudukarmu BIIJIA, moareepkaeHa ux paboTocnocoOHOCTh
n 3dpdexTrBHOCTE. BHIBOABI. HayuHass HOBM3HA MOTYYCHHBIX PE3yJIbTATOB 3aKIIOUACTCS B CICAYIOIEM: ITOKa3aHa
XOpOIIasi CXOJUMOCTb, HaJIeKHOCTh ¥ BO3MOXKHOCTb HCIOJIB30BaHUSI PACCMOTPEHHBIX METOJIOB MACHTU(HUKAIINN IS
MOJNy4YeHUsT MaTeMaTH4eCKHX Mojelieldl JAMHaMUYeCKHMX OOBEKTOB B LESIX CHHTE3a aITOPUTMOB CHCTEM
aBTOMaTHueckux ynpasieHus BIIIA.

KaroueBble ciioBa: MIeHTU(UKALMS; epenaTouHas (pyHKIMS, IEPEXOAHBII MpOoLece; JIETHBIH SKCIEPUMEHT,
apaMeTPhl MOJIENN; MAaTEMaTHYECKAst MOJIENb.
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