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Summary

Currently, the production of automatic devices based on programmable logic controllers not 
only improves the technical and economic performance of industrial products, but also makes 
it possible to reduce product development duration by several times. Thanks to the introduction 
of programmable logic controller structures, wide active opportunities for improving production 
quality are opening up.
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In recent years, with the production of single-crystal microcontroller devices, in the field of 
microelectronics a wide range of intellectualization of equipment for various purposes has been 
taking place. Single chip microcontrollers are hardware devices made in the form of large integrated 
circuits with microprocessors, software and data memory, as well as programmable circuits for 
communication with the external environment. The use of microcontrollers in the control system 
allows achieving a high level of efficiency.

Today, more than two-thirds of the global microprocessor device market consists of single-
chip microcontroller devices. The main reason for the effectiveness of using microcontrollers is 
their active versatility with programming capabilities. Programming allows you to solve hundreds 
of different problems on a single chip in tens of thousands of different hardware sets. This makes it 
possible to organize the production of microprocessors in large quantities. The costs of developing 
and manufacturing microprocessors are distributed to hundreds of thousands of products and become 
accessible. Therefore, in industrial automation, microprocessors are used not only in structures 
designed to solve a specific task, but also as part of programmable logic controllers (PLC) (Минаев, 
Самойленко, 2009).

Any machine capable of performing certain tasks automatically has control units that ensure the 
logical operation of the structure. The control device is the brain of the machine. Since the logic of 
a machine’s operation becomes more complex, the control structure must also be more intelligent. 
Technical control devices are organized in different ways, such as mechanical design, pneumatic or 
hydraulic actuators, electronic design or computer software. It is impossible to teach a different task 
unless significant changes are made to the logical control structures built on the basis of settings 
and microcircuits. Only programmable logic controllers have this capability. After the advent of 
microprocessors, the idea of creating programmable logic controllers appeared. PLC are a physical 
assembly consisting of input and output modules for connecting sensors and actuators (Fig 1).
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Figure 1. Programmable logic controllers

The control logic is programmed based on the microcomputer core, and similar PLCs can 
perform fundamentally different tasks. However, to change the workflow, there is no need to make 
any changes to the equipment. The PLC input and output points connect to the specific hardware 
implemented in the physical device and do not require modification (Петров, 2004).

PLCs consist of a central control unit, a power supply, and the components needed to complete 
a task. PLCs are more reliable and easier to maintain than computers and are designed for real-time 
operation with simple programming features in industrial settings. PLCs were originally intended to 
control routine logical operations, so the word «logic» was included in the name of programmable logic 
controllers. In addition to simple logic tasks, modern PLCs are capable of digital signal processing, 
drive control, configuration, and controller operation. The architecture of the management structure 
is the sum of the main components and their relationships. A typical PLC architecture consists of a 
central processing unit, memory, network interface, and input and output modules (Fig 2).

Figure 2. Programmable Logic Controller Architecture
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This device usually includes a programming device, a control panel, a display device and a 
printing device. The processor set (central processing unit - CPU) includes a microprocessor, memory 
devices, a real-time clock and a control clock.

Originally, PLCs only had binary input modules, which means that these input modules could 
only accept representations of logic zero and logic one states. It is often considered a logical one when 
current or voltage is present in the input circuit, and a logical zero when there is none. Sensors that 
receive these signals include hand controls, end sensors, motion sensors, and thermometers.

Analog inputs and outputs are widely used in modern PLCs. Analog or continuous wave signals 
represent an electrical current level and amplitude corresponding to some physical quantity per unit 
time. This degree can relate to temperature, pressure, weight, speed, frequency and other values, 
that is, to any physical quantity. The controller's analog inputs have different characteristics and 
capabilities. Their properties include: analog-to-digital converter level, input signal range, conversion 
time and method, asymmetrical or differential input modules, auto-tuning capability, and selection 
factor for software or hardware gain tuning. Special analog input types are designed for connecting 
thermometers and thermocouples (Петров, 2004).

The task of practical PLC programming is to implement a control algorithm for a specific device. 
PLCs that implement the operating logic are strictly necessary for the accurate execution of controlled 
programs, since program errors can have significant negative consequences. The PLC program executes 
at runtime, and the speed of execution depends on the microcomputer core. For each runtime transition, 
the input signals are counted, the program is executed, and the output signals are set.

Programming languages are quite powerful tools for solving PLC problems. The simplicity of the 
languages allows the implementation of existing methods for analyzing the correctness and accuracy 
of programs, such as experimental and deductive analysis, as well as automatic model checking for 
program identification of PLCs.

The task of model checking is to determine the implementation of the final program model, 
defined by a transition system (Kripke structure), characterized by a temporal logic formulation. A 
Kripke structure over a set of elementary statements P is a system of transitions S S s L= →( ), , ,

0 , 
where S – finite set of states (program models), s S0 ��   – initial state, →⊆ × −S S  transition relation, 
L S P
: → 2  – a function that marks each state with a set of elementary statements.

Path in the Kripke structure from the state s0  – it's an infinite sequence of states π = …s s s
0 1 2

 
such that for every one i ≥ 0 , s si i→ +1 . For the way  π = … …+ +s s s s s si i i0 1 2 1 2

 we have π i i i is s s= …+ +1 2
 

and π i si( ) = .
The language of linear time temporal logic LTL (Linear-Time Temporal Logic) is considered 

as a language for specifying the behavioral properties of a program model. LTL logic formulas are 
constructed according to the following grammar with p P i n

1
0 ≤ ≤( ) : 

ϕ ψ ϕ ψ ϕ ϕ ψ ϕ ϕ ϕ, :: .true p p p X U F Gn0 1
… ¬ ∧

Formally, the satisfiability relation |= formulas ϕ  LTL logic for some path ≠  Kripke structures 
S above P is defined as follows:

π π true false;� � � � ;≠

p P p L pε ε↔ ( )( )π π0 , ;�
π ϕ π ϕ¬ ↔ ≠ ;

π ϕ ψ π ϕ π ψ  ∧ ↔ , ;

π ϕ π ϕ X ↔ 1
;
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π ϕ ψ � U ↔ Ǝ j j≥ 0,π ϕ  bolanda, hemmesi üçin i i j i
, , .0 ≤ < π ψ

Thus, the Kripke structure satisfies the formula ϕ  LTL logic, if ϕ  is performed for all paths 
leaving the initial state s0  (Кузьмин, Соколов, 2013).

PLCs often refer to binary input and output modules as discrete in their application environment. 
In a PLC, analog signals are converted into digital, i.e. discrete, form. PLCs have specialized input 
and output modules in addition to discrete and analog inputs and outputs. They are designed to work 
with specific touch devices that require specific signal levels and special processing, for example, 
with components for controlling stepper motors, indicator modules and others. PLC input and output 
modules must be physically integrated into the processor core. Based on technical solutions of recent 
years, this avoids the use of wired transmitters for analog circuits. The input and output modules 
are made small and placed close to the sensor structures and actuators. I/O systems are connected 
to the PLC via a common cable (Ковалев, Литвинов, 2020). Today, PLCs are used in energy, 
telecommunications, chemicals, oil and gas production and transportation, security systems, utilities, 
warehouse automation, food production, transportation and construction.

CONCLUSIONS

With the transition to a digital system, industrial production management based on specialized 
microcontroller structures can be brought to a new level of quality indicators that are unattainable in 
an analog system:

–– reduced size and weight of control electronics;
–– increased reliability and service life;
–– local and remote control;
–– display of information on the state of an industrial installation and expressions of controlled 

quantities on the built-in screen;
–– the ability to quickly enter control commands from a built-in control destination.
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