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ABSTRACT 
Context. Military conflicts of the late XX – early XXI centuries are characterized by the using of a large number of new weap-

ons, which allowed the warring parties to distance themselves as far as possible from the direct collision with each other. Unmanned 
aircraft apparatus (UAA) have become one of the latest weapons on the battlefield, which during military conflicts were proven to be 
more effective than manned planes, in conducting air reconnaissance and other combat tasks, as well as strike at the enemy. One of 
the ways to increase the efficiency of UAA is to increase the level of technical excellence of their control systems. 

Creating new approaches for designing navigation systems for unmanned aerial vehicles particular, based on a free-form inertial 
navigation system, is an urgent task, as it will allow automatic control of the UAA flight route in the absence of corrective signals 
from the global satellite navigation system. 

Objective. The purpose of this work is to develop a methodology for managing an unmanned aerial apparatus using an intelligent 
automatic control system. This technique will minimize the error of a free inertial navigation system due to the using of a fuzzy neu-
ral network system. The algorithm of the proposed method of constructing the intellectual system of automatic control of UAA navi-
gation system using the fuzzy neural network apparatus in the MatLab 7 software environment was developed. A neural network 
training was conducted in the Python 3.6 software environment (Jupyter-notebook), as well as testing the UAA model in the robot 
operational system (ROS) simulator environment for comparison with existing methods. 

Method. To achieve this goal, the following methods were used: intelligent systems, the theory of automatic control, pseudo-
spectral method; methods based on the genetic algorithm and apparatus of the fuzzy neural network. 

Results. The method of constructing the intelligent system of automatic control of an unmanned aerial apparatus for minimizing 
the error of a free-form inertial navigation system due to the application of the neural network has been developed. The work of the 
intellectual system of automatic control of the UAA navigational system using the neural network in the MatLab software environ-
ment based on the proposed implementation algorithm were tested. The possibility of practical application of the obtained results and 
comparison with traditional methods were investigated. 
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Conclusions. The technique of the intelligent automatic control of UAA shows an advantage in comparison with the known me-
thods without correcting signals from the global navigation satellite system. 

KEYWORDS: automatic control intellectual system, navigation system, unmanned aircraft apparatus. 
 

 
ABBREVIATIONS 

NN is a neural network; 
NS is a navigation system; 
RM is a reference model; 
CS is a closed system; 
GSNS is a global satellite navigation system; 
UAA is an unmanned aircraft apparatus; 
INS is an inertial navigation system; 
ROS is a robot operational system; 
CM is a center mass of the controlling object. 

 

NOMENCLATURE 
( )eV  is a function of Liapunov; 

ZI  is a moment of inertia UAA relative to the OZ 
axis; 

θ′v  is an acceleration in the vertical plane; 
v′  is an angular velocity; 
ξ  is the damping coefficient; 

vT  is a constant aerodynamic time of the UAA; 
Y is a vector of the state of executive mechanism;  

()F  is an equation of forces; 
)( pK   is a transfer function of the control channel of 

the UAA; 
),(0 cpW  is a transfer function of the controlling ob-

ject; 
( )11

ˆ,bpW , ( )22
ˆ,bpW  are a transfer functions of the 

regulator of the navigation system; 
( )**,, cbpWRM  is a transfer function of the reference 

model; 
at  is a training interval; 
( )tu  is a function of the control of the UAA ailerons; 

th  is an activation function: hyperbolic tangent; 
m, l, k, j are an indices of the elements of the sample 

of possible values of the states of the object; 
( )tε  is an error function (deg); 
( )tε�  is a speed error function (deg/s); 
( )tε��  is an acceleration error function (deg/s2). 

 
INTRODUCTION 

One of the most important subject areas is the man-
agement system of moving objects. 

Special feature of which is that each new generation 
satisfies new requirements to the conditions, modes and 
quality of functioning, as well as extends the range of 
solvable tasks [1]. 

The variety of moving objects in the environment of 
their functioning and the importance of effective imple-
mentation lead to a large range of scientific problems aris-
ing in the development of traffic control systems. 

Nowadays, the base of navigation systems for un-
manned aerial apparatus is made up of receivers of global 
satellite navigation systems, integrated with a block of 
inertial sensors of spatial orientation. Such a system pro-
vides a very accurate determination of the UAA location 
and its parameters (up to 15 m) in the presence of receiv-
ing signals GSNS. If it is integrated with satellite naviga-
tion, cheap low-precision inertial systems equipped with 
micromechanical motion sensors (accelerometers and 
gyroscopes) are possible. 

The cost of such a system is from 5 to 15 thousand 
dollars, depending on the accuracy of the sensors. It 
should be noted, that the inertial system of such a price 
range is not able to carry out an autonomous calculation 
of the traversed path due to the high speed of drift gyro-
scopic sensors. Some samples are capable of maintaining 
the accuracy within a few minutes (not more than 10) of 
the absence of a GSNS signal at a level of 100–150 m. In 
this case, generally, the mode of rectilinear motion is used 
without acceleration. 

Thus, the presence of GSNS signals is currently a pre-
requisite for the implementation of unmanned aerial vehi-
cles set tasks. The absence or deliberate suppression of 
navigation signals leads to the inability to determine their 
own coordinates accurately and, as a result, to perform 
flight on a given route. In the same case using of inertial 
systems of ultralow precision (especially on short-range 
UAA) in the UAA, the lack of corrective signals from the 
GSNS can lead to the complete cessation of the inertial 
system functioning and the UAA accident. Therefore, the 
suppression of the GSNS is considered as the main 
method of fighting the UAA with the newest type of iner-
tial systems. 

Using of high-precision inertial navigation systems 
also completely does not solve the problem for the fol-
lowing reasons: 

1) such systems are expensive (30–50 thousand dol-
lars); 

2) the mass of the inertial system of “medium accu-
racy” on laser or fiber-optic gyroscopes is from 8 kg, 
which makes it problematic for their using in small and 
medium-range UAA; 

3) the limitation of the INS is increasing in the error of 
coordinates determination with the time of autonomous 
operation. The accuracy of an autonomous number of 
coordinates for modern INS is about 2 kilometers per 
hour of flight (for systems of high accuracy), which does 
not allow to provide high-precision determination of the 
coordinates of goals. 

The growing interest of scientists in intelligent control 
systems, based on artificial neural networks gives grounds 
to assert about the qualitative influence of the latter on the 
performance indicators of the UAA complex. At the same 
time, their using can significantly reduce the cost of such 
systems. Therefore, the intellectualization of control sys-
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tems in the present conditions is one of the main scientific 
and practical directions of their improvement.  

Thus, the object of study is the system of automatic 
control of UAA movement. 

The subject of the study is the UAA motion control 
process based on intelligent control systems based on 
artificial neural networks, without the use of GSNS 
signals. 

The purpose of the study is to develop a method for 
an unmanned aerial apparatus control using an intelligent 
control system based on artificial neural networks to 
reduce the control time without using the GSNS signals. 

 
1 PROBLEM STATEMENT 

Focusing on the results of well-known scientific de-
velopments in accordance with the research topic, the 
development of a method for constructing an intellectual 
system for automatic control of the UAA navigation sys-
tem in the MatLab software environment remains open 
and requires detailed elaboration [1–10]. 

The task of the control system synthesis is to select the 
structure and the control channels parameters, which en-
sure the receipt of a given quality of flight control, based 
on dynamic properties of the UAA. 

To achieve the research aim, it is necessary to solve a 
number of the following interrelated scientific tasks: 

1. To develop method of an unmanned aerial vehicle 
management with using an intelligent automatic control 
system to minimize the error of a platform-free inertial 
navigation system due to the using of a fuzzy neural net-
work system; 

Suppose given the original sample as a set of func-
tions and parameters: vector Y; spatial motion of the 
UAA is described by ()F ; object with )( pK , ),(0 cpW ; 

regulator with )ˆ,( 11 bpW , )ˆ,( 22 bpW .  
For a given sample of control parameters the problem 

of intelligent automatic control system synthesis can be 
presented as the problem of finding quadratic functional 
of intelligent automatic control system 

( )( ) ( ) ( )( ) min,
2
1 2 ⇒−=ξϕ= tytytJ M  where the model 

structure WRM() usually specified by the user in practice, 
and the set of controlled parameters ( ) *btb =  at att ≥ . 

Learning in direct-acting systems is the result of the 
current numerical optimization of the main circuit. Target 
functionality of this optimization is selected simultane-
ously and as a criterion for object control and as a tar-
get condition for learning: ( ) ( ) ;00,0 =VeV ;  ( ) ( ) .00,0 =VeV �≺�  

2. To apply developed realization algorithm of the ad-
vanced method of the automatic control intellectual sys-
tem of the UAA navigation system construction with the 
help of a neural network in the MatLab software envi-
ronment; 

3. Perform training on the neural network in the Py-
thon 3.6 (Jupyter-notebook) software environment, as 
well as testing the UAA model in the ROS simulator for 
comparison with traditional methods. 

2 REVIEW OF THE LITERATURE 
Nowadays, the prospects for the development, refine-

ment and upgrading of modern aircraft are the main focus 
of researches by modern scientists. From the point of 
view of the intelligent automatic control systems intro-
duction for UAA complexes, it is worth noting the 
achievements of scientists, which are published in the 
works [3–10], and others. 

In [11], the work of the quadcopter is investigated, 
and the algorithms of stabilization are proposed for the 
automatic control of the trajectory motion. The results of 
the research show a satisfactory stability of the quadcop-
ter flight and tracking of the given trajectories, which 
confirms the correctness and validity of the proposed con-
trol algorithm. 

The works [12, 13] investigate approaches to the im-
plementation of the neural network regulator in the auto-
matic control system of an unmanned aircraft apparatus. 
Within the framework of the work, researchers offer the 
structure of the neural network and simulate the result of 
training the neural network regulator. 

In the works [14, 15] the authors offer solutions to ap-
proach the issue of automatic control of the UAA naviga-
tion system under conditions of interference. The author 
reveals the formation mechanisms of the flight path. The 
efficiency of the proposed algorithms is confirmed by 
calculations. 

However, despite the results of scientific develop-
ments in accordance with the research topic, the question 
of an effective algorithm formation for the implementa-
tion method of constructing an intelligent system of 
automatic control of UAA navigation system using a neu-
ral network, in the MatLab software environment requires 
detailed elaboration. 

 
3 MATERIALS AND METHODS 

Works [1–6] offer classic methods for building UAA 
control systems, with the main hardware for the trajectory 
planning are: 

– encoders; 
– inertia sensors; 
– devices of interception; 
– barometers, compasses, etc. 
The UAA traffic is controlled from the ground point 

by transmitting data through the radio communication 
channel. If for the generalization of the UAA control 
analysis to consider this apparatus as a “black box”, it can 
be shown, that in the general case, the input of the appara-
tus enters the control signal and the influence of perturba-
tions coming from the external environment. The source 
data can be considered backward radio communication 
with the item management and interaction with the exter-
nal environment. 

Tasks that are solving by the control point include the 
following: 

– reception and processing of received information on 
radiocommunication; 

– identifying and recognizing objects and building a 
map of the area; 
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– determining the coordinates of the objects and the 
scale of the map; 

– formation of priorities and adjusting the flight plan; 
– providing control of UAA movement and aerial pho-

tography. 
While operating a control station under the condition 

of conducting a military operation, it is often necessary to 
timely elaborate substantiated recommendations and 
makes decisions on UAA control in conditions of uncer-
tainty and fuzzy assessment criteria. Solving this problem 
is possible with the using of intelligent systems at all 
stages of the support processes of the decision making 
(Fig. 1).  

The preparation for the work of the intellectual deci-
sion support system can be divided into the following 
stages: 

– construction of a digital model of the area, which in 
the form of a three-dimensional geometric model is 
formed on the basis of aerial photography; 

– definition of main characteristics of UAA sensors, 
their ranges, sensitivity and resolution; 

– getting coordinates of the view point of the current 
image. 

Working of the system begins with the determination 
of the orientation angle of the angular velocities of the 
sight line in the vertical and horizontal planes and the 
distance to the target using the navigation system. 

 
Figure 1 – Processes for supporting the decision-making of the 

intellectual system of the UAA 
 

The object image is transferred to the point; which co-
ordinates were obtained as a result of the calculation. This 
information is transmitted over the radio station in real 
time. The system compares the output images with the 
parameters included in the description, which leads to the 
problem of detection, recognition of the object.  

It makes possible to form instructions and recommen-
dations to the operator. 

At the same time sensor control is conducted to target 
the target. The operator makes an appropriate correction 
to the flight plan of the UAA, which is taken into account 
while forming a control signal. The UAA goes into auto 
attendance mode. In case of error control signals are 
formed again according to information from the naviga-
tion system, but it takes into account the estimates re-
ceived in the filtering block. 

The intellectual system construction methodology of 
automatic control of the UAA navigation system is 
graphically represented as a flowchart in fig. 2. 

 

 
Figure 2 – Block-diagram of implementation of the methodology for building an intelligent system of automatic control of the UAA 

navigation system 
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The intelligence of the method is based on the using of 
fully automated systems. Management is based on the 
principle of “guidance-stabilization”. The navigation 
method is responsible for forming the flight direction and 
current coordination, which is based on sensor signals, 
orientation and navigation systems. The result is broad-
cast by “Autopilot”, which solves the problem of stabili-
zation. It is mandatory to constantly check the availability 
of communication over the radio channel. 

The first block is a unit for forming the concept of a 
model and analyzing the initial data. This block provides 
for the collection of information and its analysis. The ini-
tial information at this stage includes mathematical mod-
els of UAA, external and internal excitations that affect 
the UAA during operation, models and data from sensors 
and sensors. 

In the presence of all initial data the concept is formed 
of a management model, the main directions of move-
ment, obstacles in the way, the projection of displace-
ment, etc. 

The second block assumes of the model implementa-
tion in the software environment. This block is the main 
part within the framework of the algorithm. There is a 
synthesis of the general concept, the laws of management 
and the navigation algorithms of the system are formed 
and generalized. 

It takes into account the operating modes and condi-
tions of the algorithm implementation that is being devel-
oped. A general model is created using mathematical 
models of dynamics and excitement. The resulting models 
are fundamental in the overall development algorithm, 
based on further analysis and the formation of the final 
model. At each individual stage mandatory verification 
and evaluation of the simulation results, as well as correc-
tion, if necessary parameters of the laws of management 
and navigation algorithms are carried out. 

The third block envisages the formation of a knowl-
edge base, system training and testing of the developed 
model with the analysis of the results obtained and the 
final result output, on the intellectual system effectiveness 
of automatic control of the UAA navigation system. 

Spatial motion of the UAA is described by the equa-
tions of forces, moments and kinematics of the flight. The 
force equation describes the movement of the CM in the 
vertical space: 

 
δ±α+α≅= δα YPYmWF YYv , (1)

 
with this vertical acceleration at δ=0 equals 
 

α
+

=
α

m
PYWY . 

 
The UAA rotation around the CM along the OZ axis, 

in accordance with the basic law of the dynamics of rota-
tional motion: 

 

Z
Z

ZZZZ MMMvII ω−α−δ== ωαδ
α �� . (2)

 
The magnitude of the moment depends on the mass 

distribution with respect to the OZ rotation axis. For a 
circle with a radius r  moment of inertia – 2

0 mrI = . 
Relying on the work [12], the principle of receiving 

the transfer function of the control channel of the UAA is 
based on dependence ( )δ=α f  taking into account the 
dynamics of UAA rotation around the axis 

( ) ( )
( )p

ppK
δ
α

= , α+θ=v , α′+θ′=′v , α′′+θ′′=′′v , where 

vZ ′=ω . 
Angular velocity vector of UAA speed: 
 

( )
.

,

α
+

=θ′

α+=θ′=
α

α

mv
pY

pYmvFYv
, (3)

where θ′= vWY , 
pY

mvTv
+

=
α

. 

Then: 

α+θ=v , α′+
α

=′
vT

v , α ′′+
α′

=′′
vT

v . (4)

The basis of the equation of the UAA rotation dynam-
ics (2) will substitute the obtained values: 

 
( ) ( )α′+θ′−α−δ=α ′′+θ ′′ ωαδ Z

ZZZZ MMMI . (5)
 
Having done the transformation, we have:  
 

δ=α+δ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
α+α′+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
α′+α′′ δαω

ZZ
v

Z
Z

v
Z MM

T
M

T
I 11

. (6)

 
We group members in relative terms α, receive: 
 

δ=α⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+α+α′⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
++α′′ δ

ω
αω

Z
v

Z
Z

Z
Z

Z
v

Z
Z M

T
MMM

T
II . (7)

 
Let's make Laplace's transformation: 
 

α=α′ p , α=α ′′ 2p , δ=α+α+α δ
ZZ MapapI 12

2 . (8)

where 
v

Z
Z

Z T
MMa

ω
ω +=1 , Z

Z
v

Z M
T
Ia ω+=2 . 

Thus, the characteristics of the UAA control channel 
looks like: 

 

( ) ( )
( ) 2

11

2

1

1 p
a
Ip

a
a

a
M

p
ppK

Z

Z

++
=

α
δ

=

δ

α . (9)

222



e-ISSN 1607-3274   Радіоелектроніка, інформатика, управління. 2019. № 1 
p-ISSN 2313-688X  Radio Electronics, Computer Science, Control. 2019. № 1 

 

© Bieliakov R. O., Radzivilov H. D., Fesenko O. D., Vasylchenko V. V., Tsaturian O. G., Shyshatskyi A. V., Romanenko V. P., 2019 
DOI 10.15588/1607-3274-2019-1-20 

The obtained equation repeats the equation of oscilla-
tory motion: 

 

( ) 2221 pTTp
K

pK
+ξ+

= α
α . (10)

 

where ≈
+

=

+

==
ωα

δ

ω
α

δδ

α Z
ZvZ

vZ

v

Z
Z

Z

ZZ

MTM
TM

T
MM

M
a

MK
1

 

FZ

Z
XS
XS

M
M

α

δδ
α

δ
=≈ .  

The transmission coefficient depends on the layout of the 
UAA, its speed and direction of movement, the boundary 
of the indicator from 0,4 to 0,6 dB, and the transmission 
coefficient shows at which angle the object δ=α αK  will 
return; 
 

FY

Z

Z

Z

v

Z
Z

Z

ZZ

XSvC

I
M
I

T
MM

I
a
IT

αα

αω
α ρ

+

==

+

==

2

2
1

 – con-

stant time, that is inversely proportional to the speed pres-

sure 
2

2vq ρ
= , and it is directly proportional to the mass 

of the UAA: 

α

α

α

α

α
+

=⋅=⋅≅ξ
Z

Z

Z

Z

vZ

Z

Z

Z

v M
I

mv
PY

M
I

TI
M

M
I

T 22
1

2
1

. The 

damping coefficient is determined by the damping mo-
ment Z

ZM ω  and lies in the range 15,0...05,0=ξ . 
At the same time, we get the pitch angle in the form: 
 
 

( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ +
α=α+α=ω

pT
pT

pT
p

v

v

v

11 , (11)

 
taking into account the angles α+θ=v , from the origi-

nal θ′ , i.e. α=θ
pTv

1 . 

Then: 

( ) ( )
( )

( )

( )2221

1

pTTpp

pT
T
K

p
pvpK

v
v

v
+ξ+

+
=

δ
=

α

. (12)

 

 

The mathematical model of the constructed neural controller with a transmitted function ( )cbpW ,,  for the imple-
mentation of the proposed algorithm, the structural scheme of which is depicted in Fig. 3, has a look  

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( )
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⎝
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8

1
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1

8

1

1
3

1
2

1
1

23
8

1

45
1

m k j
jjjjkkl

l
lmm twtwtwthwthwthwthwthtu ��� . (13)

 
Figure 3 – Neural network model of the controller with input, 4 hidden and output layers 

 

4 EXPERIMENTS 
In the framework of this scientific research concerning 

the method implementation of the automatic control intel-
lectual system of the UAA navigation system with the help 
of a neural network. The direct application of the solution 
to the problem is used in the MathLab software environ-
ment. Unlike the adaptive systems of the identification 
type, the systems with direct control algorithms do not con-
tain models, which are configured according to the behav-
ior of the main system, identifiers and evaluation devices. 
The information in the form of the current values estima-
tions of the parameters and the state of the volume is not 
used to configure the main circuit [13]. Learning in direct-
acting systems is the result of the current numerical optimi-
zation of the main circuit. Target functionality of this opti-

mization is selected simultaneously and as a criterion for 
object management and as a target condition for learning. 

Obligatory condition [20]: 
 

( ) ( )
( ) ( )⎩

⎨
⎧

=

=

.00,0

;00,0

VeV

VeV
�≺�

;
 (14)

 

To study the neural network, we use the algorithm of 
the inverse distribution of the error with the Levenberg-
Marquardt training method and the activation function is a 
hyperbolic tangent. After training we test and validate the 
network in the environment of Simulink (MatLab) visual 
modeling. The general procedure for forming a training 
algorithm is formed on the basis of a parameters selection 
that come from the block calculation output of the pa-
rameters sum of the reference model. These parameters 

223



e-ISSN 1607-3274   Радіоелектроніка, інформатика, управління. 2019. № 1 
p-ISSN 2313-688X  Radio Electronics, Computer Science, Control. 2019. № 1 

 

© Bieliakov R. O., Radzivilov H. D., Fesenko O. D., Vasylchenko V. V., Tsaturian O. G., Shyshatskyi A. V., Romanenko V. P., 2019 
DOI 10.15588/1607-3274-2019-1-20 

are grouped by significance, thus forming the space of 
states and external control influence on the object. Signals 
on the output of the network that do not meet the condi-
tions, again fall on the input of the system, thereby teach-
ing the system. 

The principle of the learning unit is based on custom-
izing the generalized object by selecting the parameters 
( ) *btb =  within the range of training. The error is the 

difference from ( ) ( )tytyM − , and in general, the error 
serves as a fundamental indicator of the quality of learn-
ing. The error in its composition has information on the 
deviation of the key indicators ( ) ( )tbbtb −=Δ * . 

Fig. 4 shows the automatic control system structural 
scheme of the UAA navigation system, which includes a 
regulator with transfer functions ( )11

ˆ,bpW  and ( )22
ˆ,bpW , 

(
dt
dp =  – differentiation operator), with a fixed structure 

and custom parameters 1b  and 2b . 
Controlling object with transmitted function ( )cpW ,0  

with parameters c , where cc Ω∈ , change spontaneously. 

Function of reference model ( )**,, cbpWRM , where 

cc Ω∈ . Error ( ) ( ) ( )tytyte M −=  serves as the main 
source of measurement information for the learning algo-
rithm block. The purpose of the training is to set up a 
generalized object by selecting parameters ( ) *btb =  at 

att ≥ . In this case, the target functional can be chosen as 
a quadratic function ( )ξJ . Calculate settings of the set-
tings 1b  and 2b  is performed in the training block as a 
result of the current minimization of the quadratic func-
tionality by the recurrence algorithm 

( ) ( ) ( ) ( ),ˆ
,ˆ, tg

b
cbpJttb

j
jj

∂

∂
ξγ=  (15)

where ( )
jb

cbpJ
ˆ

,ˆ,
∂

∂  – determines the sensitivity of the func-

tional for this parameter. 
Then there are transfer functions of a closed system 

and a reference model 
 

( ) ( ) ( )
( ) ( )

( )
( )tg
ty

cpWbpW
cpWbpW

cbpW
p

p
CS =

⋅+

⋅
=

,,1
,,

,,
0

0 , 

( ) ( )
( ) .,
tg
typW M

RM =α  
(16)

 
Minimization of a quadratic functional: 
 

( )( ) ( ) ( )( ) min,
2
1 2 ⇒−=ξϕ= tytytJ M  (17)

 
provided by the calculation of the derivative 

 

 
Figure 4 – The block-diagram of the system of automatic control of 

the UAA navigation system [3] 
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The functional scheme of the unit training system is shown 
at the Fig. 5. 

 
Figure 5 – Functional scheme of the unit training system 

(where 6 is the value from the angular rate sensor; –0,2 and –0,4 are 
the time delay block; + – adder of the stabilization course channel; 
1/s – course channel integrator; 20 – steering gear of the steering 

direction)  
 

5 RESULTS 
The simulation results of the proposed algorithm for 

the method implementation of the intellectual system of 
the UAA navigation system automatic control using a 
neural network, in the MathLab software environment, 
are shown in Fig. 6. 

The resulting error of management using the system's 
learning unit is ( ) ( ) ( ) 0⇒−= tytyte M , at the same time, 
the parameters of the controller of the intelligent auto-
matic control system of the UAA navigation system tend 
to the parameters of the reference model. 

In the Fig. 6: green is the object of control, blue is the 
reference model, violet is the error of control. 

Comparing two systems of automatic control of the 
UAA navigation system with and without a unit training 
system it is worth noting that the first system has more 
stable performance. 
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a b 

 

Figure 6 – The results of simulation of the proposed algorithm in the software environment MathLab: 
a) – with using of the training unit control system; b) – without using of the training unit control system 

 
6 DISCUSSION 

Within the framework of the work an algorithm for 
the method implementation of the intellectual system of 
the UAA navigation system automatic control with the 
help of the neural network in the MatLab software envi-
ronment is disclosed. Structural and functional schemes of 
control system training are presented which are the basis 
of the implementation algorithm methodology of the 
automatic control intellectual system of direct-acting 
UAA navigation system.  

The offered inertial navigator of automatic control 
flight of UAA works as with the use of MEMS sensors, 
that allows substantially to reduce in price the similar 
systems as compared to the systems [11–15]. 

In-process [23] an author examines a navigational, the 
methods of Kalman filtration are fixed in basis of that. 
These systems are able to provide high exactness of posi-
tioning of object substantially complicating a calculable 
process. In addition, such systems are bulky and outvalue 
considerably. 

In respect of the offered system, an algorithm (Fig. 2) 
is fixed in basis of work of that, her exactness is arrived at 
by means of methods of artificial intelligence or training 
unit control system – technically.  

From a fig. 6 we will notice that time of positioning 
with her use diminished substantially.  

In the conditions of the use of UAA in fully autono-
mous behavior (in default of additional GSNS), block of 
UAA hours will be megascopic for lack of power ex-
penses on the search of navigation signals and reduction 
of the calculable loading of navigational on the whole. 

The control system described can be used as an intelli-
gent automatic control system for UAA navigation system. 

The proposed algorithm for the implementation of the 
methodology based on the direct control method with the 
help of the training unit, gives positive results in the range 
of normative change of parameters, greatly reduces the 
time and cost of design. 

 
CONCLUSIONS 

In the course of the conducted scientific research, the 
authors improved the methodology for building an auto-
matic control intelligent system of an unmanned aerial 

vehicle, which allows to increase the efficiency of control 
systems for unmanned aerial vehicles up to 15% (time of 
decision making and positioning accuracy). 

The scientific novelty. The proposed automatic con-
trol system using artificial intelligence makes it possible 
to provide control tasks in the mode of full autonomous 
flight of a UAA without regard to auxiliary positioning 
systems. 

The testing of the work of the automatic control intel-
lectual system of the UAA navigational system using the 
neural network in the MatLab software environment 
based on the proposed implementation algorithm. 

The practical significance. The experimental results 
allow us to recommend the proposed algorithm for practi-
cal use in order to increase the stability of the automatic 
flight control system of the UAA in the autonomous op-
eration mode. 

The proposed algorithm for the implementation of the 
methodology based on the direct control method with the 
help of the training unit, gives positive results in the range 
of normative change of parameters, greatly reduces the 
time and cost of design.  

The possibility of practical application of the obtained 
results and comparison with known methods was investi-
gated. 

The obtained scientific result is expedient to use in 
control systems of unmanned aerial vehicles in a complex 
signal-interfering environment. 

Prospects for further research are to study the de-
gree of parasitic effects of sensors on the control channel. 
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AНОТАЦІЯ 

Актуальність. Воєнні конфлікти кінця ХХ – початку XXI ст. характеризуються застосуванням великої кількості нового 
озброєння, яке дозволило ворогуючим сторонам максимально дистанціюватися від безпосереднього зіткнення один з одним.  

Одним з новітніх зразків озброєння на полі бою стали безпілотні літальні апарати (БПЛА), які під час воєнних конфлік-
тів довели свою здатність значно ефективніше, ніж пілотовані літаки, вести повітряну розвідку та виконувати інші завдання 
бойового забезпечення, а також для завдання ударів по противнику. Одним з шляхів підвищення ефективності БПЛА є під-
вищення рівня технічної досконалості їх систем керування. 

Створення нових підходів для проектування навігаційних систем безпілотних літальних апаратів, зокрема, на основі 
безплатформенної інерціальної навігаційної системи є актуальним завданням, тому що це дозволить забезпечити автомати-
чне керування маршрутом польоту БПЛА за відсутності коригувальних сигналів від глобальної системи супутникової наві-
гації. 

Мета. Метою зазначеної роботи є розробка методики управління безпілотним літальним апаратом із застосуванням ін-
телектуальної системи автоматичного керування. 

Зазначена методика дозволить мінімізувати похибку безплатформенної інерціальної навігаційної системи за рахунок за-
стосування апарату нечіткої нейронної мережі. 

В роботі розроблено алгоритм реалізації запропонованої методики побудови інтелектуальної системи автоматичного 
управління системою навігації БПЛА з використанням апарату нечіткої нейронної мережі в програмному середовищі 
MatLab 7; проведено навчання нейронної мережі в програмному середовищі Python 3.6 (Jupyter-notebook), а також проведе-
но тестування моделі БПЛА в середовищі симулятору Robot operation system (ROS) для порівняння з існуючими методами. 

Метод. Для досягнення поставленої мети використано такі методи: інтелектуальні системи, теорія автоматичного 
управління, псевдоспектральний метод; методи на базі генетичного алгоритму та апарат нечіткої нейронної мережі. 

Результати. Розроблено методику побудови інтелектуальної системи автоматичного керування безпілотним літальним 
апаратом для мінімізації похибки безплатформної інерціальної навігаційної системи за рахунок застосування нейронної 
мережі. Протестовано роботу інтелектуальної системи автоматичного управління системою навігації БПЛА за допомогою 
нейронної мережі в програмному середовищі MatLab на основі запропонованого алгоритму реалізації. Досліджено можли-
вість практичного застосування отриманих результатів та порівняно з традиційними методами. 

Висновки. Розроблена методика побудови інтелектуальної системи автоматичного керування безпілотним літальним 
апаратом показує перевагу порівняно із відомими методами за відсутності коригувальних сигналів від глобальної системи 
супутникової навігації. 

КЛЮЧОВІ СЛОВА: інтелектуальна система автоматичного управління, навігаційна система, безпілотний літальний 
апарат. 
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AННОТАЦИЯ 

Актуальность. Военные конфликты конца ХХ – начала XXI в. характеризуются применением большого количества но-
вого вооружения, которое позволило враждующим сторонам максимально дистанцироваться от непосредственного сопри-
косновения друг с другом. 

Одним из новейших образцов вооружения на поле боя стали беспилотные летательные аппараты (БПЛА), которые во 
время военных конфликтов доказали свою способность значительно эффективнее, чем пилотируемые самолеты, вести воз-
душную разведку и выполнять другие задачи боевого обеспечения, а также для нанесения ударов по противнику. Одним из 
путей повышения эффективности БПЛА является повышение уровня технического совершенства их систем управления.  

Создание новых подходов для проектирования навигационных систем беспилотных летательных аппаратов, в частности, 
на основе бесплатформенные инерциальной навигационной системы является актуальной задачей, так как это позволит 
обеспечить автоматическое управление маршруту полета БПЛА при отсутствии корректирующих сигналов от глобальной 
системы спутниковой навигации. 

Цель. Целью указанной работы является разработка методики управления беспилотным летательным аппаратом с при-
менением интеллектуальной системы автоматического управления. 

Указанная методика позволит минимизировать погрешность бесплатформенные инерциальной навигационной системы 
за счет применения аппарата нечеткой нейронной сети. 

В работе разработан алгоритм реализации предложенной методики построения интеллектуальной системы автоматиче-
ского управления системой навигации БПЛА с использованием аппарата нечеткой нейронной сети в программной среде 
MatLab 7; проведено обучение нейронной сети в программной среде Python 3.6 (Jupyter-notebook), а также проведено тести-
рование модели БПЛА в среде симулятора Robot operation system (ROS) для сравнения с существующими методами. 

Метод. Для достижения поставленной цели использованы следующие методы: интеллектуальные системы, теория авто-
матического управления, псевдоспектральний метод, методы на базе генетического алгоритма и аппарат нечеткой нейрон-
ной сети. 

Результаты. Разработана методика построения интеллектуальной системы автоматического управления беспилотным 
летательным аппаратом для минимизации погрешности безплатформной инерциальной навигационной системы за счет 
применения нейронной сети. Протестировано работу интеллектуальной системы автоматического управления системой 
навигации БПЛА с помощью нейронной сети в программной среде MatLab на основе предложенного алгоритма реализации. 
Исследована возможность практического применения полученных результатов и сравнение с традиционными методами. 

Выводы. Разработана методика построения интеллектуальной системы автоматического управления беспилотным лета-
тельным аппаратом показывает преимущество по сравнению с известными методами при отсутствии корректирующих сиг-
налов от глобальной системы спутниковой навигации.  

КЛЮЧЕВЫЕ СЛОВА: интеллектуальная система автоматического управления, навигационная система, беспилотный 
летательный аппарат.  
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