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The method of multi objective design of nonlinear electromechanical tracking systems based
on neural network controller using hybrid metaheuristic optimization algorithm

Problem. Most research on the design of nonlinear electromechanical tracking systems has been conducted using typical proportional-
differential controllers, but there is no methodology for designing nonlinear electromechanical tracking system based on neural network
controller to meet different requirements that are imposed on the operation of the system in different modes. Goal. To develop the method
of multi objective design of nonlinear electromechanical tracking system based on neural network comtroller to satisfy different
requirements that are imposed on the operation of the system in various modes. Methodology. The designed nonlinear electromechanical
tracking system based on neural network controller implements the dynamics of a reference model by training a neural network controller
Jor a given model of a nonlinear control object. Multi objective design of the reference model reduces to solving a vector nonlinear
programming problem, in which the components of the vector objective function are direct different requirements that are imposed on the
operation of the system in various modes. The solution to the vector nonlinear programming problem is calculated using a hybrid heuristic
optimization algorithm, incorporating particle swarm optimization and stochastic sequential quadratic programming. Results. The results
multi objective design of two-mass nonlinear electromechanical tracking systems based on neural network controller in which different
requirements that are imposed on the operation of the system in various modes were satisfied are given. Based on the results of modeling
and experimental studies it is established, that with the help of synthesized neural network controllers, it is possible to improve of quality
indicators of two-mass nonlinear electromechanical tracking system in comparison with the system with standard regulators. Scientific
novelty. For the first time the method of multi objective design of nonlinear electromechanical tracking systems based on neural network
controller to satisfy different requirements that are imposed on the operation of the system in various modes is developed. Practical value.
From the point of view of the practical implementation the possibility of solving the problem of multi objective design of nonlinear
electromechanical tracking systems based on neural network controller to satisfy different requirements that are imposed on the operation
of the system in various modes is shown. References 43, figures 8.

Key words: nonlinear electromechanical tracking system, neural network controller, multi objective design, computer
simulation, experimental research.

Ilpoonema. binvuiicme Oocniodxcenb no NpoEKMYSaHHIO HENIMIIHUX eNeKMPOMEXAHIUHUX CUCIeM CIMEXCeHHA GUKOHAHI HA OCHO8I
BUKOPUCIAHHA  MUNOBUX NPONOPYILIHO ~ Oupepenyitinux — pe2yisamopie, ane 6Ii0CYmHA MemOOO0N02is NPOEKNYBAHHSA  HENIHIIHUX
eNIeKMPOMEXAHINHUX CUCINEM CIMEeNCeHHs HA OCHOGI HeUpOMepedceBoe0 KOHMpOAepy O 3A0060JeHHA PISHOMAHIMHUX 6UMOoe, SKi
npeo ‘sa61aomsvcsa 00 pobomu cucmemu y pisnux pexcumax. Memor pobomu € po3podka memooy 6azamoKpumepianbHO20 NPOEKMY8AHHS
HeNHIIHUX eIeKMPOMEXAHIUHUX CUCIeM CINEICEHHS. HA OCHOBI HelipoMepedceso20 KOHmpoaepy O 3a0060eH s PISHOMAHIMHUX 8UMO2,
SKI npeo ‘a6ns10mbest 00 pobomu cucmemu y pisnux pesicumax. Memooonozia. 'V cnpockmosanux HeniHIHUX e1eKMpPOMeXaHiyHux cucmem
cmedicents HA OCHOGI  HeUpoMepedcesoe0 KOHMpONepy peanizyemvbCs OUHAMIKA emanoHHOi MoOeli 6 pe3yibmami HAGYAHHA
HeLpoMepexNce8o20 KOHMpPOnepy O 3a0aH0i MoOeli HeliHiliHo20 00 'ekma ynpaeninHa. bazamokpumepianvhe NPOEKMYBAHHSA emalOHHOT
MOoOei 3600umbCsi 00 UPTUIEHHS NPOOIeMU 6eKMOPHOLO HENHILHO2O NPOSPAMYBAHHS, 6 SIKill KOMNOHEHMAMU YLTbOBOT 8eKMOPHOI (hyHKYIT
€ PIBHOMAHIMHI 8UMO2U, SIKI NPeo SeNI0MbCsl 00 poOomu cucmemu y PI3HUX pexcumax. Bupiwenns npobiemu 6eKmopHO20 HeNiHIUHO2O0
npocpamysanis 0OYUCTIOEMbCS 3a OONOMO20I0 2IDPUOHO20 eBPUCIIUYHO20 ANCOPUMMY ONMUMI3AYIL, WO GKIIOYAE ONMUMI3AYII0 POEM
4aCMUHOK 1 nocnidogne cmoxacmuutne Keaopamuyne npocpamyeants. Pesynomamu. Hasedeno pesynemamu 6azamoxpumepianbHo2o
NPOEKMYBAHHST OBOMACOBOI HENIHINIHOI eNeKMPOMEXAHIUHOT CUCIEMU CINEJCEHHsL Ha OCHOBI HelpoMepelceso20 KOHmponepy, 6 sKit 0y
3a0060/1€HT PISHOMAHIMHI 8UMO2U, AKI Npeod A6TIAIMbCS 00 podOMU cucmemy y pisHux pexcumax. Ha ocrosi pe3yivmamis Mooenosants
ma eKCnepuUMeHmManbHUX OOCTIONCeHb 6CMAHOBNEHO, WO 3d OONOMO20I0 CUHIME308AHUX HELPOMEPEICeBUX KOHMPOAEPI8 MOICHA NIOBUIUIMU
SKICHI NOKA3HUKU O080MACO80L HENIHIUHOL eeKMPOMEXAHIYHOT CUCeMU CMEMNCeHHs. V NOPIGHAHHI 13 CUCMEMOI0 3i CMAHOapmMHUMU
peaynamopavu. Haykoea nosusna. Bnepuwie pospobneno memoo 6a2amoxpumepiansHo20 NPOEKMYBAHHA HENIHILIHUX eNeKMPOMEeXaHIUHUX
cucmem CmediCeHHsl Ha OCHOBI HeUpOMepPeNceso20 KOHMpoaepy O 3a0080eHHs PISHOMAHIMHUX 8UMO2, SIKI nped AIAI0MbCs 00 pobomu
cucmemu y pizHux pescumax. Ilpaxmuuna snauumicms. 3 mouxu 30py npakmuyHoi peanizayii NOKA3aHA MONCIUGICIb SUPILUEHHS, 3a0ayi
bazamoxkpumepianbHo20 NPOEKMYBAHHS HENIHILIHUX el1eKMPOMEXAHIUHUX CUCIEM CMEJCEHHs HA OCHOBI HelpoMepedcesozo0 KOHmpoaepy
07151 30080NEHHSL PIZHOMAHIMHUX 8UMO2, SIKI nped AGNAI0MbCst 00 pobomu cucmemu y pisnux pexcumax. biom. 43, puc. 8.
Knouosi  cnosa: HeniHiliHa ejeKTpoOMexaHidYHA CHCTeMa CTe:KeHHs, Heiipomepe:keBUil KOHTpoOJIEp,
NPOEKTYBAHHS, KOMII’IOTEpPHE MOJe/II0BAHHS, eKCIIEPUMEHTAJIbHI J0C/IiZKeHHSI.

Introduction. Most existing electromechanical

oaraToniJiLoBe

instead of traditional hydraulic motors, together with

tracking systems are based on DC motors due to their low
cost and ease of design and setup [1, 2]. Furthermore,
brushless DC motors are also becoming widespread in
modern electromechanical tracking systems [3]. Despite the
need for a valve commutator for the windings of a
brushless DC motor, the subsequent control algorithms are
equivalent to those of a brushed DC motor. Due to the
rapid development of converter technology, modern
electromechanical tracking systems are also designed on
the basis of AC motors — synchronous or asynchronous —
due to their higher reliability despite their higher cost [4, 5].

Electromechanical tracking systems are often
installed on a moving base, which imposes additional
requirements for compensating for disturbances when the
moving base moves over rough terrain. The use of
permanent magnet synchronous motors for such systems

modern control systems instead of standard regulators,
allows for a more than tenfold increase in the control
accuracy of such electromechanical tracking systems.

Electromechanical tracking systems have different
accuracy requirements for various operating modes.
Therefore, the design of electromechanical tracking
systems is a multi objective problem [6-8].

The potential accuracy of electromechanical tracking
systems is often limited by the presence of nonlinear friction
characteristics on the drive motor and working mechanism
shafts, as well as elastic elements between the drive motor
and working mechanism shafts, which lead to uneven
movement up to the so-called «stick-slip» solution when
moving at low speeds. Therefore, existing electromechanical
tracking systems use standard proportional-differential
controllers, which limits the potential accuracy of such
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systems. Often, it is the operating accuracy of systems in
these modes that determines their potential accuracy of
electromechanical tracking systems.

When driving at high speeds and with high
acceleration, the  dynamic  characteristics  of
electromechanical tracking systems are limited by the
maximum voltage of the on-board network and the
maximum torque of the actuator motor [9, 10].

In addition, the parameters of electromechanical
tracking systems, firstly, are not known precisely and,
secondly, can change significantly during operation,
therefore the designed electromechanical tracking system
must be robust [11, 12].

The presence of complex nonlinear dependencies,
uncontrolled disturbances and interference, uncertainties
in parameters, and possibly the structure, models of the
control  object and external disturbances in
electromechanical tracking systems complicates the
implementation of traditional control strategies, since
both modern, in particular the theory of adaptive and
optimal control, and classical control theory are largely
based on the idea of linearization of systems.

Currently, neural networks controllers based on
artificial neural networks (ANN) are widely used to
control various objects, which make it possible to
effectively control complex nonlinear objects under
conditions of uncertainty. Most research on the design of
nonlinear electromechanical tracking systems has been
conducted using typical  proportional-differential
controllers, but there is no methodology for designing
neural network control by nonlinear electromechanical
tracking system to meet different operating requirements
in different modes.

The goal of the work is to develop the method for
multi objective design of nonlinear electromechanical
tracking systems based on neural network controller to
satisfy different requirements that are imposed on the
operation of the system in various modes. This goal
proposed to achieve based on hybrid metaheuristic
optimization algorithm.

Problem statement. Recently, ANN has become a
very promising alternative to classical methods of
constructing control systems for nonlinear objects. Neural
network control technologies allow us to overcome many of
the challenges that arise when working with nonlinear
objects or objects of unknown structure and that are
intractable using conventional adaptive control methods.
The ability of ANN to implement complex nonlinear control
laws is due to the use of sigmoid activation functions or
other nonlinear functions for neurons in hidden layers.

The ability of ANN to self-learn allows the use of
neural controllers even in conditions of significant
uncertainties, while for the implementation of traditional
adaptive control methods, a necessary condition is the
presence of a large amount of a priori information about
the control object. The high performance and reliability of
neural controllers is due to the high degree of parallelism
of ANNSs. The ease of implementation of neural networks
on modern computing hardware and their ability to learn
make them particularly attractive for controlling complex
nonlinear systems in real time.

The diagram of the neural network system with a
reference model is shown in Fig. 1.
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Control
- error
Plant model >
neural network
B Model
error
Reference
Controller L PLANT
neural network
Plant
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Fig. 1. Diagram of the control system with a reference model

Let us consider a mathematical model of a nonlinear
control object of an electromechanical tracking system in the
form of a state space adopted in classical control theory

ak-+1)=P[elk) ulk). olk)], (1)
y(k) = Flalc) ulk) p(k)], @
where z(k)= [zl(k),zz(k),...,zkz (k)]T is the system state

vector; u(k):[ul(k),uz(k),...,uku (k)]T is the vector of

input signals y(k)= [yl (k ),y (k),..., Vi, (k)JT is the vector

of output; ¥[-], F[-] are some static nonlinear functions;
o(k), ¢(k) are the process noise and measurement noise,
respectively.

Model (1), (2) takes into account the presence of
nonlinear friction characteristics on the shafts of the drive
motor and the working mechanism, as well as elastic
elements between the shafts of the drive motor and the
working mechanism.

Process noise also includes uncertainties in the
control object model and external influences.

Let us write a mathematical model of a nonlinear
control object of an electromechanical tracking system
(1), (2) in the form of a Nonlinear Autoregressive-Moving
Average (NARMA) — model

y(k - 1),...,y(k —-n, )u(k ~1)...,
wk)=r1
ulk —n, ), elk - 1),..., e(k - ne)
where y(k)e RM* is the output signal of the object;
u(k)e RN¥1 s the of the

e(k)e RMx1 is the measurement error; f [] is the

+e(k), (3)

input signal object;

nonlinear transformation function:
ke M +k, N+k,M Kkl
RN gt

where n,, n,, n, are the orders of magnitude of the delay in
the output and input signals of the object and the
measurement error, respectively.

Representations of objects as NARMA models play
a fundamental role in the study of nonlinear objects using
ANN. It is important to consider a generalization of
model (3) that takes into account various types of
nonlinearities in input and output variables.

The NARMA neural network controller uses a
NARMA model of the controlled object. When
synthesizing the controller in question, a discrete
nonlinear model of the nonlinear controlled object is
constructed as NARMA model in the form

y(k),y(k - 1),...,y(k -n+ 1),
NG
u(k),u(k - 1),...,u(k —m+1)

where y(k) is the model output; d is the number of
prediction cycles; u(k) is the model input.

y(k+d)=N|
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At the identification stage, a neural network is
constructed for the NARMA model. This procedure is
similar to the identification procedure described above
with a predictive controller.

If it is necessary to design a tracking system that
ensures movement along a given trajectory

wk+d)=y,(k+d). )
Then the controller calculates the control in the

following form:
k) e 1), ke = +1),
ylkrd)-r L(k—l),...,u(k—mﬂ)

. (6
Yk ) y(k =1 y(k = +1), ©
Bl ulk = 1)k —m +1)

After the network is created, it is trained using the
trainlm function, which corresponds to the Levenberg-
Marquardt algorithm. Currently, genetic algorithms and
hybrid heuristic algorithms are widely used to train neural
networks, which allow finding a global optimum.

Multi objective design of reference model. When
operating electromechanical tracking systems, the following
accuracy requirements are typically imposed in various
modes. The range of control objects angles with a stepwise
input. The time it takes to process the specified control object
angles with a stepwise input.

This time typically characterizes the system’s response
time when transferring the control object’s position and
when compensating for large errors during initial
positioning. Limitations on reducing this time are the energy
limitations of the drive motor’s rotation speed and torque.

The minimum rate of increase and decrease of the
controlled object’s angles with a linearly varying input signal
is. Typically, limitations are set on the roughness of the
working element’s motion at low guidance speeds. The main
limitations here are the nonlinear friction characteristics on
the drive motor and working mechanism shafts. These
limitations often determine the potential accuracy of the
electromechanical tracking system.

Error in processing harmonic changes in the set angles
of the controlled object and set frequencies [13, 14]. These
requirements are typically based on the accuracy of
compensation  for  disturbances acting on the
electromechanical tracking system mounted on a moving
base as it moves over rough terrain [15, 16]. All these
requirements must be satisfied using a single neural network
controller. Naturally, it is necessary to take into account the
uncertainties in the controlled object [17-19]. The neural
network controller implements the system’s dynamics.

Let’s consider a nonlinear electromechanical tracking
systems based on neural network controller with a
reference model shown in Fig. 1. Using an object’s neural
controller, the system dynamics defined by the reference
model are implemented for a given model of the control
object [20-22]. Naturally, the reference model is defined as
an NARMA system [23-25]. To train the NARMA model
with a reference model, it is first necessary to design a
reference model in NARMA model form.

We introduce the vector y of the reference model’s
parameter in the state space form (1), (2) adopted in
classical control theory [26, 27]. Then, for a given value
of the desired vector y of the reference model’s
parameters, the performance indicators that are imposed
on the electromechanical tracking system in various

ulk+1)=

operating modes can be calculated. We introduce the
vector objective function

F(x)=[F(0). B (x)-Fn ()] @

in which the components of the vector target function Fi(})
are direct quality indicators that are presented to the system
in various modes of its operation such as the time of the
first matching, the time of regulation, overshooting, etc. To
calculate the vectors objective function (7), the initial
nonlinear electromechanical tracking system (1), (2) based
on neural network controller (6) is modeled in various
modes of operation, with different input signals [28-30].
Then, the process of training the reference model
(1), (2) in the NARMA model form (6) is reduced to
minimizing the vector objective function (7) with respect
to the desired vector X of reference model parameters.
Hybrid heuristic optimization algorithm. This
multi objective nonlinear programming problem (7) is
solved on the basis on hybrid heuristic optimization
algorithm, which includes multi-swarm stochastic multi-
agent optimization algorithms and stochastic sequential
quadratic programming optimization algorithms [31-33].
For this purpose minimum for multi objective
nonlinear programming problem (7) desired parameters
vector X calculated by multi-swarm stochastic particle
swarm optimization algorithm in following procedure
[34-36]. Particle i swarm j movement described by

xy(t+1) = (1) + vy (e +1), (®)
where
Vi (t + 1) =W,V (t)+ Syt (t)H(plj — &y (t))x ...
oy O =35 O a2 OH (D2 — 22,5 )

~~><[y;(t)_xi/'(t)l

where x;(f), v;(f) are position and velocity vectors
components of the particle i of the swarm j for multi
objective nonlinear programming problem (7) minimum
for desired parameters vector y calculated.

This optimization algorithm (8), (9) works
effectively at initial stages of iterations, when movement
speeds have significant values. When entering quasi-
stationary range of multi objective nonlinear
programming problem (7) motion speeds tend to zero. To
speed up global optima calculating process in stationary
range, it is advisable second-order methods used based on
second derivatives. One of simplest and quite effective
second-order optimization methods is sequential quadratic
programming algorithm. The of the initial parameters
values of desired parameters vector y obtained with
optimization algorithm (8), (9) help are initial values for
refining solutions in quasi-stationary range.

To calculate multi objective nonlinear programming
problem (7) minimum for desired parameters vector y by
stochastic sequential quadratic programming optimization
algorithms formulated minimization problem with
quadratic objective function [37-39]

H, (X O0) + 35 O H e (X (O (0) ..

e S L (O (0).

Jacobian matrices J;;(f) and Hessian matrices Hj;(f)
components along vector X calculated from particle i of

10)
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swarm j movement velocities v;(f) and accelerations
a;;(f), which calculated based on velocities v;(¥)
ay (t+1)=vy (£ +1)=v; (¢). (11)

During stochastic sequential quadratic programming
optimization algorithms process (10) step size dj(¢)
calculated, which used to calculated multi objective
nonlinear programming problem (7) minimum by desired
parameters vector X

Simulation results. Let us now consider the dynamic
characteristics of the nonlinear electromechanical tracking
system with the designed neural network controller. The
design of neural network controller is implemented in the
Neural Network Toolbox application package of the
MATLAB system.

The parameters adopted for neural network controller
design for nonlinear electromechanical tracking system are:
rated voltage of the drive motor U,=27 V rated motor
current; /,=31 A; armature winding resistance of the motor
R, =75 mQ; motor design factor ¢~0.062; moment of inertia
of the motor rotor J,=27-10> kg'm? electromagnetic time
constant of the armature chain 7=4.5-10"; power amplifier
transmission coefficient /=27; gear ratio of the kinematic
coupling device N=377; dry friction moments in the motor
bearings M,=0.15 N-m; frictional torque on the working
mechanism shaft M=200 N-'m; load moment of inertia
J,=250 kg-mz; transmission element stiffness coefficient
¢=3-10° N-m; gap between the teeth of the drive and driven
gears 0=1,5".

One of the most demanding operating modes of the
system is the mode of processing specified rotation angles
of the actuator with a stepwise input signal. This mode
largely determines the speed of processing the reference
values and compensating for disturbances. Figure 2 shows
the implementations of the state variables of the nonlinear
electromechanical tracking systems based on neural
network controller in this operating mode.

Figure 2 shows the following state variables: @) plant
rotation angle ¢(f); b) plant rotation speed w,(f); c) elastic
moment M(f); d) motor speed w,(f); €) motor current /,(?);
/) voltage on the motor circuit U, (f). As can be seen from
these figures, the main limitation is the on-board network
voltage, which changes practically in a relay manner from
the minimum to the maximum value. Note that this operating
mode approximately corresponds to a maximum-speed
controller, which approximately implements the minimum
transient process time. Thus, the use of a neural network
controller allows for a more than 2-fold reduction in the
system’s transition time in this operating mode of the
nonlinear electromechanical tracking system.

Another stressful operating mode is the low-speed
guidance mode. In this mode, friction nonlinearities on the
actuator and working mechanism shafts are most
pronounced, resulting in uneven movement of the working
element in the «stick-slip» mode. Technical requirements for
electromechanical tracking systems in this mode typically
impose restrictions on the unevenness of the working
element’s motion at low, creeping speeds. Figure 3 shows
the implementation of the state variables of an
electromechanical tracking system in this operating mode.
Figure 3 shows the same state variables as in Fig. 2.
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-30
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Fig. 2. Transition process when working out angle

As can be seen from these figures, the movement of the
working element is accompanied by oscillations at a
frequency of approximately 6 Hz and stops. Note that for
many electromechanical tracking systems, the requirement
for uneven movement of the working element at low,
creeping speeds determines the potential accuracy of the
electromechanical tracking system in one of its most critical
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operating mode. Figure 4 shows the same state variables as
in Fig. 2. As can be seen from Fig. 4,a, the system exhibits a
steady-state velocity error. As can be seen from Fig. 4,b,
even when moving at high speed, the system exhibits «stick-

system’s response time when firing behind fast-moving
mode.

operating modes. One of the system’s stressful operating
modes is high-speed movement. This mode determines the
targets and also defines the system’s key technical
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as can be seen from Fig. 4. changes

Fig. 4. Transition process during.guid‘ance.at high speeds
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slip» sections where the velocity becomes zero, resulting in
uneven motion of the controlled object. In this case, the

control voltage,
practically according to the relay law from the minimum to

the maximum voltage of the motor.
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In conclusion, we note that similar results can be
obtained with vector control of permanent magnet
synchronous motor [40] or induction motor [41-43].

Experimental research. To conduct experimental
studies of the effectiveness of the designed neural network
controller a laboratory setup for a two-mass
electromechanical tracking system was developed, the
schematic of which is shown in Fig. 5.

PAl

| Stand control system I

Fig. 5. Laboratory setup for a two-mass electromechanical
tracking system

The setup consists of two motors M1 and M2, the
shafts of which are connected by an elastic coupling. The
diagram shows the power amplifiers PA1 and PA2 and
motor position sensors PS1 and PS2. Figure 6 shows the
appearance of the laboratory setup.

S -

Fig. 6. The appearance of the laboratory setup

Let’s consider experimental transient processes in
the mode of working element rotation angle testing. In
this operating mode, the limitations on state and control
variables are most pronounced. Figure 7 shows the
realizations of the state variables of the electromechanical
servo system in this operating mode.

The following state variables are shown in Fig. 7:
a) the angle ¢,(f) of the second motor; b) the speed w(f)
of the first motor; ¢) the elastic moment M,(f); d) the
voltage U|(¢) on the chain of the first motor.

As can be seen in Fig. 7,b, the second motor’s rate
of change transiently reaches a limit. As can be seen in
Fig. 7,c, the first motor’s rate of change transiently
doubles, which is typical for forcing transient processes in
two-mass electromechanical systems.
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Fig. 7. Experimental transient processes during the development
of large rotation angles
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Let us now consider the experimental transient
processes in the low-speed mode of the working element.

Figure 8 shows the realizations of the state variables
of the electromechanical servo system in this operating
mode.

Transient processes in the mode of movement of the
working element at low speed: a) the angle ¢(f) of
rotation of the first motor; b) the angle ¢,(¢) of rotation of
the second motor; ¢) the speed w;(¢) of the first motor;
d) the speed w,(¢) of the second motor; ¢) the moment of
elasticity M.(¢); 1) the voltage U;(f) on the anchor chain
of the first motor.

The nature of the transient processes in this low-speed
operating mode is largely determined by the presence of
nonlinear friction relationships on the shafts of the drive
motor and the operating element.
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Fig. 8. Transient processes in the mode of movement
of the working element at low speed

The transient process of the second motor exhibits
characteristic stops and, naturally, zero speeds at those
points in time when the elastic moment between the shafts
of the drive motor and the operating element does not
exceed the dry friction moment on the shaft of the
operating element.

Conclusions.

1. For the first time the method of multi objective
design of nonlinear electromechanical tracking system
based on neural network controller is developed, which
allows to satisfy different requirements that are imposed
on the operation of the system in various modes.

2. The new solution method of reference model multi
objective design problem for nonlinear electromechanical
tracking system based on neural network controller is
formulated as vector nonlinear programming problem
solution, in which the components of the vector objective
function are different requirements that are imposed on
the operation of the system in various modes.

3. The new solution method of vector nonlinear
programming problem is developed based on hybrid
heuristic optimization algorithm, incorporating particle
swarm optimization and stochastic sequential quadratic
programming, which allows to reduce the computation time.

4. Based on the results of modeling and experimental
studies of designed two-mass nonlinear electromechanical
tracking system based on neural network controller it is
established, that with the help of designed neural network
controller, it is possible to reduce the control error the angle
of rotation of the shaft of the second motor more than 2 times
in comparison with the system with standard regulators.

5. Based on the results of modeling and experimental
studies of designed two-mass nonlinear electromechanical
tracking system based on neural network controller it is
established, that designed control system is robust. When
the moment of inertia of the working mechanism is varied
by a factor of two, either upward or downward, relative to
the average value adopted during the multi-criteria design
of the reference model, the dynamic characteristics of the
designed system with a neural network controller change
only slightly compared to the dynamic characteristics of a
system with standard controllers.

6. It is planned to practically realization of developed
method of multi objective design of nonlinear
electromechanical tracking system based on neural
network controller to satisfy different requirements that
are imposed on the operation of the system in various
modes of real electromechanical tracking system.
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