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Abstract—Reviewed software creation method for the selection an optimum regulator for the nonlinear
stabilization system of the inertial control object. Schematic decisions of regulators and correction devices
for stabilization systems may be different: P, PI, PD, PID. The first three options can be generally obtained
by applying restrictions on the PID-model. The exact adjustment of the PID-regulator parameters
significantly reduces system fluctuations. The full use of the PID-regulator advantages is only provided
with the correct calculation of these parameters, taking into account the unique characteristics of the
controlled objects. At the same time, it is important to have a mechanism for coefficients controlling that
would provide a convenient interface between the program and the user.

Index Terms—Inertial object; stabilization system; ship; nonlinearity; step response; PID-regulator,

correction appliance.
I. INTRODUCTION

Stabilization and control systems take an
important place in the automated control systems of
inertial objects. Their goal is to achieve a sustainable
value of a control magnitude or its change for a given
control law.

While simultaneous action of control signal,
permanent or variable perturbation influences and
obstacles on the system, there is a need to solve the
problem of minimizing its error.

In order to provide optimal quality indicators, a
correction of control systems is widely used for
changing of the system dynamic properties. The
correction is carried out by changing of the control
system parameters or its structure. For this purpose,
correction devices are entered into the system, which
represent dynamic links of various physical nature
with specially selected transfer functions.

Currently, in the world market, for integrated
control systems are offered universal control
microprocessors, which require special setting.

Schematic decisions of regulators and correction
devices for stabilization systems may be different: P,
PI, PD, PID. The first three options can be generally
obtained by applying restrictions on the PID-model.

PID-regulator measures the deviation of the
regulated by the system coordinate from the given value
and issues a control signal, which is the sum of the three
components — proportional, integral and differential.

II. PROBLEM STATEMENT

The exact adjustment of the PID-regulator
parameters significantly reduces system fluctuations
However, the full use of the PID-regulator

advantages is only provided with the correct
calculation of these parameters, taking into account
the features of the controlled objects.

While designing systems with a PID-regulator, it
is necessary to investigate the effect of its coefficients
on the transition process (or the coefficients choice
according to the desired type of transitive function),
which requires multiple launch of the model with
modified coefficients and constant editing of the
model properties. At the same time, it is important to
have a mechanism for coefficients controlling that
would provide a convenient interface between the
program and the user.

Thus, there is a need to create the universal
application for researching stabilization and control
systems, which will provide a quick and convenient
choice of optimal PID-regulator coefficients.

III. PROBLEM SOLUTION

All above difficulties can be overcome by using
the GUI — Graphical User Interface, which is a part of
Matlab.

The work in this environment is quite simple -
controls (buttons, drop-downs, etc.) are placed with
the mouse, and then events that occur when a user
accesses these control elements is programmed.
When solving these tasks, the user GUI does not need
to create full M-files. Often, he may not even know
all the details automatically opened in the GUI
M-file. The GUI user only edits it, completing the
functions of a specifically solved task

Let’s solve the problem of the selection an
optimal regulator for the nonlinear stabilization
system of the inertial control object, for example a
ship.

© National Aviation University, 2019
http://jrnl.nau.edu.va/index.php/ESU, http://ecs.in.ua



40 ISSN 1990-5548 Electronics and Control Systems 2019. N 1(59): 39-43

Mathematical model of the stabilization system of
the ship course is represented as a block diagram
(Fig. 1).

The system has certain features. Firstly, scheme
contains sensors of the angular and speed deviation of
control object based on the three-stage and two-stage
gyroscopes. At the same time, they contain nonlinear
feedbacks, which are caused by the presence of dry
friction in the bearings of the gyroscope frames.

Secondly, in the real system the deviation angle of
the executive drive rudder and its rotation speed have
natural barriers, so executive drive is nonlinear.

Thus, the stabilization and control system of the
ship course is nonlinear. There are five nonlinear
elements in it.

Considering nonlinearities in the angle and speed
sensors and their effect on the sensor is a separate
branch of researches. Consider sensors errors caused

W (s)

by the presence of nonlinearities in them, like Ay
Ay and AP, and pass to linear models of the angle

sensor and the speed sensor.

The principle of superposition does not apply to
nonlinear systems, so, we will consider the
stabilization system that is only under the action of
the control signal. Because of adopted limitations, the
block diagram of a nonlinear system of stabilization
takes the form shown in Fig. 2.

The moment of stabilization is formed through the
sensor channel of angular deviation and through the
speed sensor of angular deviation of control object:

M, =M, +M, =k,G, +k,D,.

After the convolution of contour we obtain an
equivalent transfer function of the stabilization
system linear part:
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Fig. 2. Calculated model of the nonlinear stabilization system of the ship course

Concurrently, the executive drive has a linear
characteristic with limitation:
Xpx A X<—a
z=<kx at —a<o6<a;.

Xoax AL X>a

Calculated model of the nonlinear stabilization
system of the ship course and equivalent transfer
functions of it components allow to begin the direct
computer modeling.

The GUIDE - Graphical User Interface Design
Environment, is designed primarily for GUI design,
and then for direct programming.

The GUI application can consist of a single main
window or several windows and display graphics and
text information in the main window of the program
and in separate windows.

A number of Matlab functions are designed to
create standard dialogs for opening and saving a file,
printing, font selection, data entry windows, and more.
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To create a specific application, the GUI elements
are dragged from the toolbar to the window of this
application. After adding the interface element, you
need to specify its tag — the name that will identify the
object among other objects.

In the GUI application for
PID-regulator will be placed:

— interface element for outputting the graph of the
investigated system transient process;

— three sliders for setting numerical values of the
regulator coefficients K1 (P-component), K2
(I-component) and K3 (D- component);

— six Edit Text elements to set the limit values of
these coefficients (Max and Min);

— three text elements Static Text to output current
values of coefficients (Current);

— six text items for the corresponding inscriptions.

The limit values of the regulator's coefficients can
be set experimentally. In the work, they are selected
based on the performed calculations [3].

The application sample with the elements of the
interface added from the toolbar has the form shown

adjusting the

in Fig. 3
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programming.
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Fig. 3. GUI application sample window

When you save the graphical interface, Matlab
automatically generate the program code for it.
Therefore, after the initialization block of this code,
the main part of the solved problem commands is
placed:

function mySliderCallback(hObject, eventdata, handles)

% getting max and min regulator components
max1=str2double(get(handles.editl, 'String'));
max2=str2double(get(handles.edit2, 'String'));
max3=str2double(get(handles.edit3, 'String'));
minl=str2double(get(handles.edit4, 'String'));
min2=str2double(get(handles.edit5, 'String'));

min3=str2double(get(handles.edit6, 'String'));

% getting slider values

cl=get(handles.slider1, 'Value');
c2=get(handles.slider2, 'Value');
c3=get(handles.slider3, 'Value');

% determination of the current coefficients values of the
regulator components

curl=minl+(max1-minl)*ci;
cur2=min2+(max2-min2)*c2;
cur3=min3+(max3-min3)*c3;

% output current values of coefficients
set(handles.text?, 'String', curl);
set(handles.text8, 'String', cur2);
set(handles.text9, 'String', cur3);

% transient characteristic
axes(handles.axes1);

cla;

hold on;

grid on

% the assignment of the regulator coefficients
Kl=curl;
K2=cur2;
K3=cur3;

% system parameters
Wob=tf([30],[0.01 0.2 1 0]); % object
Wg=tf([0.09], [0.01 1]); %gain

N=100;
Wp=tf([K1/N+K3 K1+K2/N K2], [1/N 1 0]); %regulator

W1l=series(Wg, Wob);

W=series(Wp,W1);% transfer function of an open-loop
system

sys=feedback(W,1);% transfer function of a closed-loop
system

t=5;
step(sys,t)
grid on
xlabel('t");
ylabel('h');

The generated code is supplemented with

functions of access to sliders:

function slider1_Callback(hObject, eventdata, handles)
mySliderCallback(hObject, eventdata, handles);
function slider2_Callback(hObject, eventdata, handles)
mySliderCallback(hObject, eventdata, handles);
function slider3_Callback(hObject, eventdata, handles)
mySliderCallback(hObject, eventdata, handles);
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Regardless of the sliders number and their tags,
the above function has the same look for each slider.

As a result of running the code above, the dialog
opens, as shown in Fig. 4.

The developed interface allows by dialog sliders'
engines displacement to determine the coefficients of
any type regulator (P, PD, PI or PID) by the view of
transient characteristics.

In Figure 4, as an example, the transition function
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Fig. 4. Dialog interface

Graphs in the dialog can be edited by calling the
Property Editor. It also allows to mark the main
quality indicators on the graph of the transition
function: the maximum amplitude value, override,
the set value, and the time of the transient process.

IV. CONCLUSIONS

The designed program for adjusting the regulator's
coefficients in the graphical interface allows us to
quickly calculate the optimal coefficients for any type
of regulator or correction device by removing and
combining the necessary channels in them.

is showed with slider installing in position that
corresponds to the optimal coefficients of the
PID-regulator obtained in previous studies [3].

By removing the clean command “cla” in the
program's M-file, you can get a family of transient
characteristics for any set of parameters of the
regulator, which can be convenient when choosing
the characteristics with the desired quality indicators

(Fig. 5).
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Fig. 5. An example of a characteristics family
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0. K. Adaecimos, M. O. IInaunenko, T. I1. JKmypuuk. IIporpamue 3ade3ne4yeHHs1 CHHTe3y peryJasiTopa HeJliHiiiHOT
cucTeMH cTabiaizamii.

Po3risiHyTO METOMUMKY CTBOPEHHS MPOTrpaMHOro 3a0e3IEeUYeHHs] CHHTE3y ONTHMABHOIO PEryjsTopa Ui HemiHiHHOT
cucreMH cTabinizanii iHepuiiHuX 00’ekTiB. CXEMHI pIlIeHHS PErysaTopiB i KOPUT'YBAILHHX HPHCTPOIB, MOXYTh OyTH
pizuumu: I, TTI, T1JI, TTI1. [lepui Tpu BapiaHTH MOXYTb OyTH B 3arajlbHOMY BHIIQJIKy OTPUMaHi HaKJIaJeHHSIM 0OMeXeHb
Ha [1I/I-moznenb. Toune HanamryBanHs napametpis [11/{-perynsropa cyrTeBo 3HMKYE KoMBaHHS crcteMu. [IoBHOIIIHHE
BukopuctanHs nepear I11/]-peryastopa 3a0e3nedyeTbcss TIIBKM TPH NPaBHIBHOMY PO3paxyHKY IUX MapaMeTpiB 3
ypaxyBaHHSM OCOOJIMBOCTEH XapaKTEPUCTHK KEepOBaHHX 00’€kTiB. [Ipy IbOMy BakjMBa HasBHICTH MEXaHI3MY
yIpaBiiHHS KoedillieHTaMu, siKuii Ou 3abe3redyBaB 3py4dHuil iHTEp(eiic Mik IPOrpaMoro i KOPUCTYBayeM.
KarwudoBi cioBa: inepuiiiHuii 00’€KT; cucTeMa cralimizaumii; KopaOenb; HeENiHIMHICTB; mepexiiHa QYHKIs;
[I/I-perynsiTop, KOPpUTyBaJIbHUIN PUCTPIH.
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A. K. AdonecumoB, M. A. IMuaunenxo, T. II. ZKmypuuk. IIporpammHoe oOecneyeHre CHHTE3a peryJasiTtopa
HeJINHeHHOH crucTeMbl CTAOMIN3ANUHA

PaccmoTpeHa MeTonuka co3qaHus MPOrpaMMHOr0 0OECIeueH sl CHHTe3a ONTUMAIILHOTO PEryJisiTopa /sl HeTMHEHHON
CHCTEMBI CTAOMIIN3alMi WHEPIUOHHBIX 00beKTOB. CXEMHBIE PEIICHUS PEryNsITOPOB U KOPPEKTUPYIOLIUX YCTPOUCTB,
Moryt 0bITh pasuevu: I1, ITH, T1/1, TIM/]. TlepBbie Tpu BapuaHTa MOT'yT OBITH B OOIIEM CIIydae MOJy4eHbl HaJIO)KEHHEM
orpannuenuii Ha [IMJ]-monens. Tounas Hactpoiika mapamerpoB [T /[-perynsropa cyliecTBEHHO CHHXKaeT KojeOaHus
cucrembl. [lonHoneHHoe uctoiab3oBaHue mpeumyinects [TM][-perynsropa obecrieunBaeTcs TOJNBKO TPH NPaBHIBHOM
pacdere 3TUX TapaMEeTPOB C YUETOM OCOOCHHOCTEW XapaKTEePUCTHK YIPaBIIeMbIX 00beKTOB. [Ipu 3TOM, BayKHO HasTM4YHe
MeXaHM3Ma YIpaBJeHUsI Kod(pPHUIMEHTaMH, KOTOPBIH Obl oOecrieunBal ymoOHbBIH MHTepdeiic MeXIy MporpaMMon u
MI0JIH30BATENIEM.

KnaroueBble ciioBa: WHEPIMOHHBIA OOBEKT; CHCTEMa CTaOWIN3alyy; Kopallib; HENMHEHHOCTh; MepexoaHas (yHKIUS;
[N I-perynsaTop, KOPPEKTUPYIOIIEee YCTPOMCTBO.
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