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ABSTRACT 
Context. The important task was solved during the scientific research related to the development of the algorithm for tuning of 

the coordinating automatic control system. The reason why the development of those algorithms is important is because of the pro-
gress in field of certain classes of complex multilayered control systems, which provide coordination of the transient processes while 
the regulating technological parameters. 

Objective. The purpose of the scientific work is the minimizing of time and the automation of tuning process for the complex 
multilevel control systems. 

Method. We offer the step-by-step tuning of the double-level coordinating systems of automatic control for the refrigeration fa-
cilities in the particular for the refrigerating turbocompressor facilities and systems with the tunnel refrigerating chambers. We offer 
the block-scheme of algorithms which may be used during the realization of automatic search for the system tuning parameters pro-
viding coordination of the transient processes under automatic control. 

Results. The experiments were conducted in the Matlab 2012a environment. The result of the experiments is graphs of certain 
transient processes obtained on various steps of the tuning for multilevel coordinating automatic control system. Based on the simula-
tion results we have done the conclusion about efficiency of the different algorithms. The possibility for using of the presented algo-
rithms was also considered, particularly the specificity of the functioning of the automatic tuning of the automatic control multilevel 
system complex.           

Conclusion. These experiments have showed the applicability of certain algorithms of step-by-step tuning for the double-level 
coordinating automatic control system. It is estimated, that the automatic tuning of the automatic control coordinating systems with 
algorithm utilization will increase the scope of the modern intellectual technologies. 

KEYWORDS: Petri net, coordinating automatic control system, coordination of transient processes, ratio control, algorithms of 
tuning. 

 
ABBREVIATIONS 

CACS is a coordinating automatic control system; 
ACS is an automatic control system. 

NOMENCLATURE 
Gx.a  is a compressor capacity; 
k is a degree of pressure increase; 
(t) is a deviation from ratio of variables; 
Х1 is an actual value of the controlled variable; 
Pkip.z  is a set point of the boiling pressure; 
Pkip   is an actual value of the boiling pressure; 

e(t) is a deviation of the controlled variables within 
time; 

J0i  is an integral criterion of system; 
u1, %  is a control action on the flow of cooling water 

on the condenser; 
u2, % is a control action linked to the speed of rotation 

of the compressor shaft of the refrigeration plant;   
ua  is a control action to change the ratio; 
AT is a coefficient matrix; 
p  is a differential operators. 
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INTRODUCTION 
The coordination of transient is implemented in the 

range of multilevel automatic control systems. The lower 
level of such systems is linked to the liquidation of devia-
tions from the ratio of the values of regulated variables. 
The upper level is linked to the liquidation of errors in the 
system. In the 20th century the well-known scientists Ig-
natienv M. B., Boichuk L. M. explored actively the sys-
tems under consideration [1–3]. Nowadays the coordinat-
ing control systems for refrigeration plants are designed. 
The development of these systems is carried out in the 
field of technological tasks [4, 5]. On this subject there 
are plenty of the similar scientific papers [6, 7], for exam-
ple, in the field of control in the robotic systems [8–10] or 
in the field of air-fuel ratio control in the engines [11–13]. 

The design methods of coordinating automatic control 
systems were well represented in the scientific work by 
Boichuk L. M. [2]. In our days a lot of research centres 
explore the various automatic control systems and the 
corresponding methods of designing and analysis.  These 
methods in designing of the systems of coordinating con-
trol are presented for the certain field of linear systems 
[3]. Therefore the design of tuning algorithms of control 
systems presented in scientific papers [4, 5, 10] is rele-
vant. As these systems in the certain cases belong to the 
field of nonlinear systems. At the same time, these sys-
tems develop as the specific class of multilevel automatic 
control systems, thereby confirming the relevance of de-
veloping appropriate algorithms of tuning. 

The object of study is the processes of tuning up of 
the coordinating automatic control systems. 

The subject of study is the methods and algorithms 
of tunings for the coordinating automatic control systems. 

The purpose of the scientific work is to minimize 
the time and automate of process in tuning of the multi-
level coordinating automatic control systems. 
 

1 PROBLEM STATEMENT 
To achieve this purpose it is necessary to design the 

algorithms of tuning for the corresponding multilevel con-
trol systems. These algorithms of tuning are required to 
design for the complex non-linear control systems for 
which the known methods of synthesis are unacceptable. 

As a result of analysis of the developed algorithms for 
tuning of the multilevel systems it is important for us to 
determine their fundamental suitability. It is also neces-
sary to determine the scope of application for these algo-
rithms in the system of automatic tuning with the intelli-
gent technology. This intellectual system was shown in 
scientific work [14, 15] related to the automatic synthesis 
of Petri nets based on functioning of the neural networks. 

The developed algorithms for tuning of the multilevel 
control system are acceptable, if they allow to determine 
all the values of the parameters ijkK  of various levels 

for the control system. These parameters of tuning 

ijkK   must give the minimum value of the integral 

criterion J in the multilevel system. The integral criterion 
of system is: 

0

( ( ) β ( ) ) minJ e t t dt


     , (1)

 
where β is coefficient indicating the temporal coordina-
tion of the control processes; (t) is deviations from the 
ratio of the values of regulated variables; e(t) is the devia-
tion of some variable in time from the given value. 

 
2 REVIEW OF THE LITERATURE 

Ratio systems controls or coordinating control systems 
have researched in the different countries. The design of 
these systems has not lost its relevance in the 21st cen-
tury. Now there are a number of English scientific works 
related to the development the air-fuel ratio control sys-
tems for engines. In these works [11–13, 16] the control 
systems block diagrams are presented. They can also be 
classified as the multilevel coordinating automatic control 
systems. 

In Ukraine there are a lot of scientific works [8–10] 
relayed to the control of robotic manipulators. The special 
cases of the implementation of the trajectory tasks of the 
coordinating control are presented in these scientific 
works. The scientific papers of Ignatiev M. B, Mirosh-
nik I. V., Boychuk L. M., Tsybulkin G. A. [2, 3, 8, 17] are 
considered as the fundamental scientific works in the de-
sign of the corresponding systems. 

The scientific work by Boychuk L. M. [2] has become 
the basis for the design of some control systems for re-
frigeration plants. First of all this is the design of the co-
ordinating automatic control system model providing the 
energy-efficient functioning of the cooling turbo-
compressor plant [4]. Then the system was presented for 
evaluating of the energy efficiency of the functioning of a 
turbo-compressor plant for ammonia overload at the 
Odessa Port Plant [18]. The next stage was the develop-
ment of control system for the laboratory unit with the 
cooling tunnel chamber [5]. Considering these scientific 
papers [4, 5, 10] it is possible to present the general sim-
plified block diagram of the coordinating automatic con-
trol system. This block diagram is shown in figure 1. This 
control system represents the principles of operation and 
the main features of the architecture described in the sci-
entific papers by Boichuk L. M. and Miroshnika I. V. [2]. 
However, such control system differs from similar sys-
tems presented in various papers [2, 8, 11, 19, 20]. 

There are the following main differences of the coor-
dinating automatic control system under consideration 
from similar systems. 

1. The control signals are formed as the sum of control 
signals of the lower and upper levels of the system. 

2. There is an adjustment of the given ratio of parame-
ters based on the automatic optimizer. 

3. The control is implemented in the field of nonlinear 
systems. 

4. There are no internal control loops at the lower 
level of the CACS. 

Accordingly, we need methods for tuning of the coor-
dinating automatic control system and in order to these 
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methods would be acceptable not only in the class of 
well-known linear systems [2, 3]. In this regard, this paper 
shows presents experiments related to the tuning of sys-
tems in this class. 
 

3 MATERIALS AND METHODS 
The considered coordinating automatic control system 

is two-level. The lower (first) level of control in this sys-
tem is linked to the liquidation of deviation from the ratio 
of the values of regulated variables X1 and X2. And the 
upper (second) level of control is linked to the liquidation 
of the difference between the set and the actual value of 
the controlled variable. 

This coordinating control system adjusts to the devid-
ing of motions mode. It lets to eliminate the deviation 
from the ratio of variables X1 and X2 in the transition proc-
ess is linked to the liquidation of error in the system. This 
is shown graphically in Fig. 1. The movement of the sys-

tem from the initial point X0 to the final Xk in the space of 
variables X1 and X2 is shown. Movement along the trajec-
tory 1 corresponds to the traditional automatic control 
system and movement along the trajectory 2 corresponds 
to the coordinating automatic control system. The devid-
ing of motions mode provides the initial motion towards 
the multitude M of the ratios, and then by the multitude M 
to the end point Xk. 

In the MATLAB \ Simulink software environment we 
have implemented the model of coordinating automatic 
control system for the development of the tuning algo-
rithms (Fig. 2). The refrigeration turbocompressor is the 
control object in this system. The refrigeration turbocom-
pressor model is represented as the linear system. It gives 
some error in the simulation results. However this inaccu-
racy does not interfere with scientific research for the 
design of methods for the synthesis of CACS. 

 

 
Figure 1 – The simplified block diagram of the coordinating automatic control system  

 

 
Figure 2 – Block diagram of the model of the coordinating automatic control system presented by means of the MATLAB \ Simulink 

software environment 
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We have represented the system control law in the fol-
lowing way: 

 

 1 2
T

q pu u u u u   , (2)

 
where 
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2 212
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is the law of lower level 

control; 
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is the law of 

upper level control;
 .x a kk G b       is the deviation from ratio of the pa-

rameters. This ratio ensures the functioning of the turbo-
charger with maximum efficiency; 0k kp p  is de-

gree of pressure increase; Pkip  is actual value of the con-
trolled variable; Pkip.z  is set point of the boiling pressure; 
Gx.a  is compressor capacity; p  is differential operators; 
u1, %   is control action on the flow of cooling water on 
the condenser; u2, % is control action linked to the speed 
of rotation of the compressor shaft of the refrigeration 
plant; k is coefficient for the ratio; b is constants. 

The tuning of this system must be implemented taking 
into account for ensuring the necessary peculiarities of its 
functioning, Such as the coordinating change of compres-
sor capacity Gx.a and the degree of pressure increase 

0k kp p 
 
during the regulation of the boiling pres-

sure Pkip≈P0. The coordinating change of compressor ca-
pacity Gx.a is possible within tuning оf the system for 
deviding of motions mode. 

The researches have shown that it is possible to define 
two main algorithms for the step-by-step tuning of the 
coordinating system to the deviding of motions mode. 

At the beginning of the tuning all parameters k1, k2 and 
k3 of the regulators №1, №2 and №3 are equal to zero. 

According to the first algorithm the main regulator 
№1 of the 1st lower coordinating control level is set up 
initially. The tuning is implemented according to such 
integral criterion: 

 

2
01

0

( ) minJ t dt


   . (3)

 
The transient characteristics for deviations from the 

ratio of variables at different values of the parameter k1 of 
the regulator №1 and at corresponding values of the crite-
rion J01 are presented in Fig. 3. 

At the second stage the regulator №3 of the upper lev-
el of control is set up according to the integral criterion: 

 

02
0

( ( ) 3 ( ) ) minJ e t t dt


     . (4)

 
Figure 3 – The transient responses showing by deviation (t) 
from the given ratio of variables within time. The transitional 

responses got at different values of the tunings parameters in the 
coordinating automatic control system 

 

At the final stage regulator №2 of the 1st lower coor-
dinating level of control is set up according to the crite-
rion: 

03
0

( ( ) ( ) ) minJ t e t dt


    . (5)

 

All transient processes obtained at various stages of 
the system tuning setup are shown in Fig. 3–5.

  The second algorithm of tuning consists of four stag-
es.

 
At the first stage the tuning of regulator of upper level 

according to the integral criterion is presented: 

00
0

( ) minJ e t dt


  . (6)

 

Then the regulator of coordinating level is set up ac-
cording to the corresponding criterion: 

 

01
0

( ) minJ t dt


   . (7)

 

At the third stage the tuning of upper level regulator 
№1 are adjusted again according to the criterion: 

 

02
0

(2 ( ) ( ) ) minJ t e t dt


     . (8)

 

At the last stage the regulator №2 of the coordinating 
level is adjusted according to the criterion: 

 

03
0

( ( ) ( ) ) minJ t e t dt


    . (9)

 

4 EXPERIMENTS 
All necessary experiments were performed in the 

MATLAB \ Simulink 2012 software environment. Ini-
tially it is necessary to implement a model of the coordi-
nating automatic control system to conduct experiments 
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in the software environment. The block diagram of this 
model is presented in Fig. 2. All parameters in the model 
of the control object and in the corresponding control sys-
tem are also presented in Fig. 2. Possessing the appropri-
ate software you can realize experiments using the neces-
sary data presented only in Fig. 2–4. To verify the princi-
ple suitability of the considered algorithms we have ob-
tained transients at various stages of the tuning in the con-
trol system. These transients and the corresponding pa-
rameters k1, k2, k3 of the coordinating control system are 
presented in Fig. 4 and 5. 

It is interesting to note the specific experiment shown 
in Fig. 6. If the control action of the upper level of the 
coordinating control system is connected with the control 
action u1, then we must change accordingly the tuning of 
algorithms. 

 

 

 
Figure 4 –The transient characteristics of the coordinating 

automatic control system at different values of the tunings. The 
transient characteristics showing the deviation e(t) from the set 

value are presented in Fig. 4a. The transient characteristics 
showing the deviation (t) from the given ratio of variables are 

presented in Fig. 4b. 
 
The block diagram of such system is also shown in 

Fig. 6. As a result of modeling of this system it is possible 
to obtain the necessary transients. These transients proc-

esses fairly accurately represent the coordination of the 
regulatory processes and the tuning of the system to the 
deviding of motions mode. 

We can see from the transient graphs that the devia-
tion (t) from the ratio of the variables was practically 
reduced to zero three times faster than the deviation e(t)  
of the controlled variable from the set value (Fig. 6). Ac-
cording to the deviding of motions mode in the time in-
terval from 200 seconds to 1200 seconds the movement 
was provided in the multitude of controlled ratio. 
 

5 RESULTS 
We can see from the graphs of transient processes pre-
sented in Fig. 3–5, the phased tuning of the coordinating 
automatic control system is carried out under the condi-
tion of its stable operation. The minimum value of the 
corresponding integral criterion and the corresponding 
values of the regulators tunings are determined at each 
stage of the control system tuning. 

We can conclude based on the analysis of the simula-
tion results obtained at various algorithms of the phased 
tuning of the coordinating control system. The four-step 
tuning algorithm provides slightly faster way for the sys-
tem to reach the target multitude of controllable ratios 
(figures 5d and 4c). Accordingly, the value of the integral 
criterion of the quality (J03=139.8) for the system is less 
with the four-stage algorithm than with the three-stage 
(J03 = 153.9). 

 
6 DISCUSSION 

The described tuning algorithms are phased due to the 
structural features of multi-level systems. This case is 
suitable not only for multi-level systems of the coordi-
nated regulation. The tuning of cascade control system 
also presumes the phased tuning. For example, at first it is 
necessary to set the inside control loop and then to set the 
outer loop. 

We should also note the scientific paper [2]. In this 
scientific paper there is some process of step-by-step sys-
tem synthesis in which initially the coordinating control 
system is considered as the one-level  control system and 
then as the multi-level one. 

The phased tuning algorithms are represented in the 
form of flowcharts shown in Fig. 7 and accordingly, in the 
form of Petri nets in Fig. 8. 
Petri net formation is the important component for repre-
sentation of the tuning process of the control system. If 
the automatic tuning of the coordinating control system is 
carried out, then the formed Petri net represents to the 
user the definite process of retraining the specific artificial 
neural network. In this case the neural network represents 
the intellectual feature of the automatic tuning systems, 
i.e. such network is able to learn at the operation of vari-
ous systems. 

The simplified block diagram of control system with 
the automatic tuning algorithm is shown in Fig. 9. Thus, it 
is possible to set up the system to deviding of motions 
mode. 
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Figure 5 – Transients in the CACS for the different values in the parameters of the regulators. These transients are obtained at the 

stage of tuning by the four-step algorithm. Figure 4a and 4c – transient characteristics of the deviation e(t) of the controlled variable 
from the specified value; figures 5b and 5d – transient characteristics of the deviation (t) from the ratio of variables 

 

 
Figure 6 – Block diagram of the model of the coordinating control system and the graphs of transient processes on the deviation (t) 

from the ratio of the values of the controlled variables and on the deviation e(t) of the regulable variable from the specified value 
 

The artificial neural network forms the algorithm for 
tuning the control system in the kind of Petri net, it is just 
shown in Fig. 9. If the algorithm of tuning for the control 

system is unsatisfactory, then the artificial neural network 
is rebuilt according to the formed Petri net. This algorithm 
for retraining of the artificial neural network was pre-
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sented in the scientific work [15] as the first experience to 
implement this system. 

 
CONCLUSIONS 

The scientific novelty of the results. The problem as-
sociated with the development of tuning algorithms for 
the highlighted class of automatic control systems was 
solved in the present work. Thus the design technique of 
corresponding coordinating systems has got the further 
development.  

The practical significance of the results. The com-
pleted scientific researchers have confirmed the suitability 
of the developed algorithms for tuning of the coordinating 
automatic control systems. Due to these algorithms we 
can solve the problem of automated tuning for models of 
the complicated control systems providing the coordina-
tion of various transients. 

 
The prospects for further research. The problem of 

automated tuning for the coordinating control systems 
may be related to the field of automatic generation of Pe-

tri nets and to the field the learning of neural nets, name-
ly, the self-learning of neural networks at the synthesis of 
Petri nets. 
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Figure 7 – Flowcharts representing the phased tuning of the coordinating automatic control system; ↓ k1, ↓ k2 and ↓ k3 are decrease 

in the values of the parameters k1, k2 and k3; ↑ k3 is increase in the value of the k3 parameter 
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a b 

Figure 8 – The Petri nets representing the algorithms of phased tuning for the CACS. The Petri net representing the three-step algo-
rithm for tuning of the coordinating automatic control system is shown at Fig. 8a. The Petri net representing the corresponding four-

step algorithm of tuning is shown at Fig. 8b. 

 
Figure 9 – The simplified block diagram of the control system with algorithm of the automatic tuning 
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AНОТАЦІЯ 
Актуальність. Вирішена актуальна задача, що пов’язана з розробкою алгоритмів настроювання координувальних систем авто-

матичного управління. Важливість розробки даних алгоритмів викликана розвитком, у цей час, певного класу складних багаторів-
невих систем управління, що забезпечують узгодження перехідних процесів при регулюванні технологічних параметрів. 

Мета роботи – мінімізація часу та автоматизація процесу настроювання багаторівневих координувальних систем автоматично-
го управління. 

Метод. Запропоновано поетапне настроювання дворівневих координувальних систем автоматичного управління для об’єктів 
холодильної техніки, в окремому випадку для холодильних турбокомпресорних установок і систем з тунельними холодильними 
камерами. Наводяться блок-схеми алгоритмів, які можуть бути використані на етапі автоматизованого пошуку параметрів настро-
ювання системи, що забезпечує узгодження перехідних процесів при автоматичному управлінні. 

Результати. Експерименти були проведені в середовищі Matlab 2012a, за результатами яких були отримані графіки певних пе-
рехідних процесів на різних етапах настроювання багаторівневої системи автоматичного управління. На підставі аналізу результа-
тів моделювання робиться висновок про доцільність використання різних алгоритмів настроювання. 

Також була визначена галузь застосування розроблених алгоритмів поетапного настроювання багаторівневих систем. 
В окремому випадку були представлені особливості функціонування комплексу автоматизованого настроювання багаторівневих 
систем автоматичного управління. 

Висновки. Проведені експерименти показали принципову придатність певних алгоритмів поетапного настроювання дворівне-
вих координувальних систем автоматичного управління. Встановлено, що реалізація автоматизованого настроювання координува-
льних систем автоматичного управління із застосуванням відповідних алгоритмів має місце в галузі сучасних інтелектуальних тех-
нологій. 

КЛЮЧОВІ СЛОВА: координація, узгодження процесів, регулювання співвідношення, алгоритми настроювання, мережі Петрі. 
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AННОТАЦИЯ 
Актуальность. Решена актуальная задача, связанная с разработкой алгоритмов настройки координирующих систем автомати-

ческого управления. Важность разработки данных алгоритмов вызвана развитием, в настоящее время, определенного класса слож-
ных многоуровневых систем управления, обеспечивающих согласование переходных процессов при регулировании технологиче-
ских параметров. 

Цель работы – минимизация времени и автоматизация процесса настройки многоуровневых координирующих систем автома-
тического управления. 

Метод. Предложена поэтапная настройка двухуровневых координирующих систем автоматического управления для объектов 
холодильной техники. В частном случае для холодильных турбокомпрессорных установок и систем с туннельными холодильными 
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камерами. Представляются блок-схемы алгоритмов, которые могут быть использованы на этапе автоматизированного поиска пара-
метров настройки системы, обеспечивающей согласование переходных процессов при автоматическом управлении. 

Результаты. Эксперименты были проведены в среде Matlab 2012a, в результате которых были получены графики определен-
ных переходных процессов на различных этапах настройки многоуровневой системы автоматического управления. На основе ана-
лиза результатов моделирования делается вывод о целесообразности использования различных алгоритмов настройки. 

Также была определена область применения разработанных алгоритмов поэтапной настройки многоуровневых систем. В част-
ном случае были представлены особенности функционирования комплекса автоматизированной настройки многоуровневых систем 
автоматического управления. 

Выводы. Проведенные эксперименты показали принципиальную пригодность определенных алгоритмов поэтапной настройки 
двухуровневых координирующих систем автоматического управления. Установлено, что реализация автоматизированной настрой-
ки координирующих систем автоматического управления с применением соответствующих алгоритмов имеет место в области со-
временных интеллектуальных технологий. 

КЛЮЧЕВЫЕ СЛОВА: координация, согласование процессов, регулирование соотношения, алгоритмы настройки, сети Петри. 
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