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Abstract. Due to the increasing complexity of the architecture and algorithms of
industrial dispatching control systems (IDCS), generally accepted control methods don’t
allow to guarantee absolute correctness and sufficient speed automation object’s
functioning. Therefore, development of methods to improve these indicators is an urgent
task and has practical significance. The purpose of the work is to present a method of
automated control of dynamic IDCS based on a production model. Conclusions: 1) four-
level IDCS's architecture is defined, which allows to implement the functioning of
complex hierarchical automation objects; 2) three-level production system architecture is
presented for the system level of automation, and two-level production system
architecture for automated control at the main server level; 3) proposed method is tested
and its advantages over the generally accepted finite state machine method are
determined: an increase in correctness by 16% and an increase in the share of fully
automated actions by 15%.
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Problem statement and its relevance. The rapid development of hardware
for industrial dispatching control systems (IDCS) has led to a complication of the
architecture and algorithms of their operation. At the same time, generally accepted
methods of controlling such systems, such as the finite state machine method or
mathematical algorithms, are losing their effectiveness. To solve this problem,
control methods based on artificial intelligence are beginning to be used. Already
today, neural networks and fuzzy logic methods are used as parts of many industrial
systems. However, in the case of complex control of strictly algorithmized objects,
their use can lead to a large number of errors due to insufficiently high accuracy of
work. The use of production systems on such objects gives better results, but

implementation according to basic models does not provide sufficient speed of
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determining the control action. That is why further research for the implementation
of a distributed component-oriented production control system for dynamic IDCS is
relevant and has practical significance.

Analysis of recent research. Today, dynamic IDCSs are the most common in
industrial automation. In [1], such systems were considered and a method of
controlling them based on mathematical algorithms was presented. However, such
an approach cannot always be implemented for controlling complex hierarchical
complexes, since it requires solving higher-order differential equations, which leads
to a significant slowdown in the operation of these systems. The use of artificial
intelligence methods is more appropriate for this problem. In [2], a complex
hierarchical groundwater resource management system under climate change
conditions was presented based on the CNN-Bi LTM network. The authors achieved
a high level of accuracy and speed on the task, however, the use of neural networks
for strict control systems can lead to emergency situations due to their excessive
flexibility and insufficient accuracy. The use of production systems for control allows
to solve this problem. In [3], a method of controlling traffic lights based on a
production model was presented. The results obtained showed high accuracy, speed
and reliability of the proposed method. In [4], the use of CLIPS was proposed for
modeling the operation of complex hierarchical IDCSs and the use of production
models for controlling such systems was identified as a priority area of research.

Existing methods do not reflect the specifics of a control object with a complex
distributed hierarchical structure. Therefore, the implementation of IDCSs and
production control systems for them, taking into account the conditions of
distribution and hierarchy of control objects, is a necessary condition for ensuring
the correctness of their operation.

The purpose of the work is to present a method for automated control of
dynamic IDCS based on a production model.

1. IDCS architecture. To implement a distributed component-oriented
production system, the IDCS architecture is used, which consists of four levels:

1. The level of logical controllers, which implements direct control of the

equipment and receives data from sensors. This level consists of programmable
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logical controllers, the communication of which with the higher level occurs
according to standardized protocols.

2. The system level, which implements PLC control as a single system. This
level consists of server equipment, which is responsible for processing and storing
information. In this case, the implementation of hardware servers can be both local
and remote.

3. The main server, which combines system-level servers and ensures their
operation as a single automated complex.

4. Automated workstations, which provide system operators with access to
permitted functions.

2. Production system architecture. Production systems are divided into two
types, which implements their vertical distribution:

1. Production systems of the system level, which implement a three-level
architecture. The lower level implements direct control of field-level equipment, the
component level combines equipment into logical components, the system level
performs equipment interaction and implements system operation algorithms.
Production systems of this level are installed on computing servers of individual
systems, which implements their horizontal distribution.

2. Production systems of the main server level, which implement a two-level
architecture. The component level performs direct control of each individual system
of the complex, and the system level combines all systems of the control object into
a single automated complex.

Each production system consists of distributed working memory and
knowledge base, as well as a logical inference mechanism, which implements work
from the lower to the upper level of the hierarchy.

3. Computational experiments. The presented approach to the
implementation of a hierarchical object was tested on a complex system consisting
of emergency lighting system, emergency power supply and access control and
management system of a data center. CLIPS [5] was chosen as a production model.

6 sets of emergency scenarios were defined for testing the software and

hardware complex:
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1. Failure of a non-critical component of one of the systems.

2. Failure of 10% of the components of one of the systems.

3. Failure of a critical component of one of the systems.

4. Failure of 10% of the critical components of one of the systems.

5. Conflict in the operation of components of one system.

6. Intersystem conflicts.

The main parameters considered during the testing process were the
correctness of decision-making by the distributed production system, information
processing time, and the proportion of fully automated control actions. The
presented method was compared with the traditional control method implemented
on a finite state machine. The results showed that the proposed method is 10%
slower, but has 16% higher correctness and increases the share of fully automated
actions by 15%.

Conclusions: 1. A four-level architecture of the IDCS is defined, which allows
to implement the functioning of complex hierarchical automation objects.

2. The architecture of a three-level production system for the system level of
automation is presented, and a two-level architecture of a production system for
automated control at the main server level is presented.

3. The presented models are tested on the IDCS test problem with three
systems. The advantages of the proposed method over the finite state machine
method are determined: an increase in correctness by 16% and an increase in the

share of fully automated actions by 15%.
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KEPYBAHHS IEPAPXIYHHUM OB’€EKTOM HA OCHOBI ITPOIYKIIIIHOI
MOJEJII
Cgsitnana lllanoBanoBa, Onekciii bapaHiueHko

AHoraniss. Yepe3 ycknaoHeHHs apXimekmypu ma anzopummie pobomu asmomamu308aHux
cucmem ducnemuepcbkozo ynpasninHa (ACIY) 3azanvHonputiHami memoou Kepy8aHHsi He
00380/1510Mb  2apaHmyeamu  aOCONMOMHY  KOpeKmHicme ma 0oCmamuio  weuoKicme
(yHKyioHy8aHHs 06°ckmy aemomamusayii. Tomy po3pobka memodié 3 NOKPAUIeHHS UYUX
NOKA3HUKIB € aKkmyaavHol 3adauerwy ma MdAE npakmuuHe 3HaueHHs. Memoio pobomu €
npedcmaseJieHHs Memody aemomamu308aHozo0 KepysauHsi OuHamiuHow ACIHY Ha 0cHO8i
npoodykuitiHoi modeni. BucHoeku: 1) eu3HaueHo uomupupieHnesy apximexmypy ACIHY, ska
00380.J151€ peanizosysamu (QYHKYIOHY8AHHS CKAAOHUX IEpapXiuHux 00'ekmie asmomamu3sayii; 2)
npedocmaeieHo apximexkmypy mpupisHegoi npodyKuiliHoi cucmemu 01 CUCMEMHO20 piBHSA
asmomamusayii, ma 08opieHesy apximexkmypy npodyKuyiiiHoi cucmemu 0711 agmomamu308aHozo
KepysaMHsl Ha pPiBHi 207108HO20 cepaepy; 3) BUKOHAHO anpobayir 3anponoHo8aHo0zo0 memody ma
BU3HAUeHO 1i020 nepesazu HAO 3A2A/NIbHONPULIHAMUM Memoo0OM CKIHUEHHO020 asmomamy:
nideuuieHHss KopekmHocmi Ha 16% i 30inbleHHs YACMKU NOBHICMI0 ABMOMAMU308aHUX
0iti Ha 15%.

KnrwouoBi cioBa: npodykyitina modens npedcmasieHHs: 3HaHb, A8MOMAMU308aHA CUCMeMda
ducnemuepcvk020 ynpasniHHs, noziuHe susedeHHs,, CLIPS.
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