
ВІСНИК СХІДНОУКРАЇНСЬКОГО НАЦІОНАЛЬНОГО УНІВЕРСИТЕТУ імені Володимира Даля № 5 (253) 2019 47 

UDC: 004.415.2 

DESIGN OF TECHNOLOGICAL PROCESSES CONTROL ALGORITHMS USING  
THE SOFTWARE LIBRARY OF ALGORITHMIC ELEMENTS  

Kardashuk V.S. 

РОЗРОБКА АЛГОРИТМІВ КЕРУВАННЯ ТЕХНОЛОГІЧНИМИ ПРОЦЕСАМИ  
З ВИКОРИСТАННЯМ БІБЛІОТЕКИ ПРОГРАМНОГО ЗАБЕЗПЕЧЕННЯ 

АЛГОРИТМІЧНИХ ЕЛЕМЕНТІВ  

Кардашук В.С.  

The results of designing the program library of algorithmic el-
ements for the creation of algorithms and construction of con-
trol schemes for technological processes are presented in or-
der to accelerate the formation of the final structure of the sys-
tem. 
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1. Introduction
The main function, which relies on the automatic 

control system of technological processes - providing in-
formation about the state of the system and its manage-
ment in case of rejection of parameters. 

The degree of availability of information functions 
of the system, centralized control and measurement of 
the parameters of the state of the technological process is 
based on both the software and hardware implementation 
of the system. 

Algorithmic design is to develop algorithms for the 
functioning and creation of software for computer sys-
tems. 

Acceleration of the creation of control algorithms, 
the construction of schemes of interconnections of the 
system, the identification of priority control channels - is 
a topical issue in the design of control systems of techno-
logical processes. 

Circuits of control and executive mechanisms, 
which constantly interact with the software system, re-
ceive commands from the controller, which provides 
centralized control of the technological process. 

Modern design technologies for the creation of con-
trol systems for technological processes involve the use 
of pre-drawn templates that are made out in software li-
braries of algorithmic elements. 

The purpose of the project is to create a program li-
brary of algorithmic elements for accelerating the design 
of control systems, and, if necessary, rapid moderniza-
tion of algorithms. 

2. Proposed approach
To provide information when designing a control 

system, an important role is played by the program li-
brary of algorithmic elements, which contains infor-
mation about the function of the element and greatly ac-
celerates the process of creating the final version of the 
system. 

Issues in the design of software libraries of algo-
rithmic elements are devoted to publications [1, 2]. 

A significant contribution to the development of 
modern technological design systems is provided by Al-
tium, a software company Altium Designer [3]. 

The process of creating the finite control algorithms 
at the design stages consists in solving complex prob-
lems - from the creation of adaptive parametric models 
to the construction of a work process using computer 
technology. 

When implementing control algorithms, the soft-
ware library needs constant updating and support. 

The proposed software library of algorithmic ele-
ments used in the design systems of process control cir-
cuits contains: 

 combinational logic elements (AND, NOT, OR,
MOD2, encoders, decoders, multiplexers, etc.); 

 elements of a serial type (RS-trigger, D-trigger,
registers, counters, etc.); 

 dynamic elements (elements of integration, dif-
ferentiation and filtering); 

 static elements (adder, elements of subtraction,
division, square root product, etc.) 

 elements of nonlinearity (elements of restriction
zones, insensitivity, elements of the relay with hystere-
sis, etc.); 

 elements of regulation (regulators of the laws of
regulation). 

Here is an example of using a simple element in the 
implementation of a list of static elements that performs 
subtraction of two analog input values Y = X1-X2 (fig. 
1). 
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Fig. 1. Graphic representation of the subtraction element 

The element contains two analogue inputs X1, X2 
and a discrete output E of the overflow characteristics on 
the analog output Y of the subtraction element. There are 
no parameter settings for this item. 

Here is an example of implementing a more com-
plex element from a set of constraint elements that is 
used to simulate the constraint characteristics. The ele-
ment contains the analog input X, the analog output Y 
and the index of the working area (fig. 2). 

 

 

Fig. 2. Graphic representation of the restriction element 
The element implements as follows 

The element implements the following expression: 
 

YН, при	х а
K X, при		а X b

YB, при	х b
.                 (1) 

 
Unlike the previous one, this item has parameters 

YN (lower limit of measurement of the output value), 
YB (upper limit of measurement of the output value and 
K (proportionality factor). Such elements may be pre-
sent, for example, when generating schemes of different 
types of regulators for checking the input range signal 
and limit the range of the output signal in case of critical 
situations. 

The diagram below shows the principle of the limi-
tation element (fig. 3). 

 

 

Fig. 3. Limit work element diagram 

In more complex technological schemes, such as 
the digital proportional–integral–derivative controller 
(PID controller), which is more versatile than other regu-
lators, it is possible to use one of the well-known regula-
tory laws. 

In the XZ, the digital PID controller analyzes the 
XOS feedback and issues the control signal Y in case of 
deviation (fig. 4). 

 

 
Fig. 4. Digital PID controller 

 
The output signal of the digital controller is deter-

mined by three components: the proportional, differen-
tial and integral parts of the equation. 

The presented regulator is a program element that 
implements a discrete part of the equation: 
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Graphic editor of functional schemes is used to 

solve the following tasks of the technological chain: 
 constructing / editing a graphic image of a 

single element of a functional schema; 
 build / edit a functional schema. 

The development of graphic images for construct-
ing algorithms is carried out with the help of Altium De-
signer software company Altium, which, according to 
the developers of the company, reduces the time for de-
signing the final solution in 2 times [3]. It should be not-
ed that the company creates products not only for indus-
trial systems, but also for the educational process. 
Among the advantages of the Altium Designer system 
should be noted: 

 intuitive keys and commands that are com-
monly accepted; 

 online help system; 
 the mechanism of synchronization of the de-

sign stages to achieve the final result. 
For a program description of the functional purpose 

of algorithmic elements, the programming language C 
++ [4] is used, which allows the use of software in vari-
ous operating systems. 

At the final stage of design, a set of automata (algo-
rithms) of control on the basis of algorithmic elements is 
combined into a single program, loaded into the control-
ler's memory and launched for execution in sequence in 
the order of the set queue or when receiving control in 
accordance with the conditions. 
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For example, the technological circuit (control ma-
chine) of the equipment may look as shown in fig. 5. 

Fig. 5. Technological scheme of the control automaton 

In case of necessity the introduction of changes in 
the technological scheme is carried out by replacing one 
element with another or by adding the necessary ele-
ment / elements, which reduces the time for the program 
implementation of the control system. 

Conclusion 
Modern approaches to the design of algorithms, 

software and hardware require acceleration of final deci-
sions, and, if necessary, a reduction in the time for their 
modernization. 

On the example of designing the software library of 
algorithmic elements, it is shown for its application for 
the construction of algorithms of automata and imple-
mentation of control schemes of technological devices. 

Application of the software library will significant-
ly reduce the time for designing and upgrading the final 
decisions of the technological process. 

The advantages of using such software libraries are 
the study of many options for using the model at any 
stage of the design without the restructuring of the con-
trol system, rapid upgrading of algorithms, thus creating 
precise models of objects consisting of dozens of ele-
ments. 

As a result of implementing the goal of designing a 
database of existing graphic images (Schematic Library 
Document), stored in * .PsbSch format, is supplemented 
with new elements that allow the implementation of el-
ements of integration, differentiation, adder, etc. 
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