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THE PRINCIPLES OF USING THE THEORY OF PATTERN NETWORKS FOR DESCRIBING OF 

THE AUTOMATED CONTROL SYSTEMS SOFTWARE STRUCTURE 

 

An approach to the software structure description of the autonomous electric power plant automated 

control system based on the representation of the software architecture in the form of a pattern network is 

considered. Each generatrix is associated with a specific software object, and communication relationships 

represent various types of information interactions between objects. Using the pattern theory gives the 

opportunity to develop the algorithm of software formal reorganization in the context of reduction system’s 

response time. 

 

Introduction. Increasing the amount of information transferred between the system elements and the 

number of operator-controlled parameters of the autonomous electric power plant requires the development of 

new approaches to modelling and analysis of the functioning of such systems with a view to streamlining and 

improving efficiency. The most difficult step in the implementation of automated control systems is the 

development of software that meets the appropriate quality standards [1] – [3]. The top-level software task is 

remote monitoring and control of autonomous electric power plant. To implement the essential functions of 

electric power plant remote control through the network, the software must have means for the creation of 

electric power plant layout, for monitoring and control of autonomous electric power plant in real time, analysis 

of power unit operating modes and software [4]. At the same time, as noted in article [5], it is important to use a 

formal approach to describe the interaction of software components and automation hardware.  

The aim of the research is to define pros and cons of using the theory of discrete pattern networks for 

developing and representing a software architecture for the autonomous electric power plant automated control 

system, where each element in the pattern network encapsulates a finite state machine that implements the 

behaviour of a particular object of the software, and relations with it constitute various types of information 

interactions between objects.  

Using a PC with specialized software as a top-level subsystem of the automated control system (ACS) of 

the autonomous electric power plant (AEPP), and microcontrollers as the basis of automation hardware devices 

allows to present the software structure of all components of the control system in the form of a pattern 

network. The purposes of this are determining the composition and scheme of software objects interaction that 

are part of the management system, formal description of the control system structure in the form of a set of 

generatrix and calculation of the main indicators characterizing the information channel – system response time 

and the communication channel load based on the values of the generatrix attributes forming and 

communication relationships. 

The structure of the power plant control system software in the form of a pattern network can be divided 

into three components: specialized software for a personal computer containing an AEPP mnemonic circuit 

(power plant monitoring and control mode; represented by the generatrices g1 − g20), software for automation 

tools (generatrices g22 − g24) and interface device software (generatrix g21). 

The power plant generally consists of m sections of ni ( i  [1, m] ) blocks of diesel-generator sets, 

protection of diesel-generator sets (DGS), means of displaying the parameters of the diesel and the generator; 

ni-1 units for monitoring and controlling the DGS synchronization process with the main switchboard; 2ni 

impulse control buttons to change the diesel state; ki induction motors and loads; ni+ki circuit breakers and 

LEDs to indicate their status; 1 load sharing device between generator units (GU) running in parallel. 

Each element of autonomous electric power plant corresponds to a particular software object, which 

implementation encapsulates the generatrices:   g1 – Text field for displaying electrical parameters; g2 – Bar-

graph indicator; g3 – Pointer indicator; g4 – Generator; g5 – Diesel (with generator unit forming the DGS set); 

g6 – Dialog box "Diesel parameters"; g7 – Dialog box "Oscillograms"; g8 – Synchronization system; g9 – GS 

protection; g10 – Automatic circuit breaker; g11 – LED; g12 – Loading; g13 – Induction motor; g14 – Control 

button; g15 – Load distribution system. 

Generatrices g1 – g3 are used to designate the display units of measured electrical parameters; every 

diesel-generator set may be bound with arbitrary but finite number of such units (designated as l1, l2 and l3 

respectively). 

Electric power plant is remotely controlled and managed by means of displaying and processing the 

received data from particular hardware resources of automation and sending to them commands (signals for 

changing the state of protective relays, automatic circuit breakers and generator circuit breakers, diesel rotation 

speed and generator excitation). To take into account the priority of operations and control of data exchange 

process, it is necessary to create a common queries queues and expected responses. 



The whole set of queries can be divided into two sets: information type queries (to receive the value of 

DGS parameters and automatic and generator circuit breakers conditions) and control type queries (commands 

to change the electric power station structure and / or parameters of electric energy, given up by DGS to the 

network). For this reason, three generators correspond to queries and responses queues formation: g16 – 

variable length queue shaper; g17 – constant length queue shaper; g18 – final queue shaper. 

Functions of the higher-level software also include information flows statistical data accumulation and 

storage in the database of capacity values given up by DGS to the network and consumed by loading (g20 

generator). 

Considering inseparable logical connection existing between generator blocks, diesel engines, dialog 

windows for displaying diesel and generator parameters, protection systems, synchronization systems, diesel 

control buttons, generator circuit breakers (circuit breaker represented by a component) and LEDs of the states 

of generator, as well as of load and asynchronous engines, circuit breakers with LED-indicators of their states (i 

= const, j2 = const (j2  [1, ki] )), and conditionally inseparable connection between the groups listed, the 

software structure of computer for each section (i = const) can be written as a subset: 
iiii GGGG 021 ++= , 

where 
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and  
il

g 11  designation is an abbreviated notation for the number of instances in subset ( ),1(# 11

ii Ggl = ). 

Then, structure of the entire power plant control software is a set formed by the sum of the amounts of 

subsets 
iG1  and 

iG2  and intersection of subsets 
iG0  of each section: 

( ) 
m

i

i
m

i

ii GGGG
1

0

1

21

==

++= . 

According to discrete theory of patterns [6], each generator is characterized by certain arity. Thus, with 

j1-th DGA in the i-th section, 1,

1

ji
l  text fields, 1,

2

ji
l  scale and 1,

3

ji
l  dial indicators can be associated, and here 

communication relationship 1 is "one-to-many", i.e. generator g4 can be connected with arbitrary but finite 

number of generators g1 − g3, and generators g1 − g3 with only one g4. Hence, arities g1 − g3 are equal to 

unity: 

( ) ( ) ( ) 1321 111 ,,,
===

jijiji
ggg  , 

which corresponds to the principle of realism: each indicator nit displays data obtained from only one DGS 

unit, while these data (electrical parameters of generator) can be displayed in various combinations by various 

means of indication. The generator block itself, in addition to links to 


=

=
3

1

, 1

p

ji

plN , 

indicator units, should support informational connection with automation means, which is carried out by means 

of the queue forming unit, and is represented as communication relationship 2 of multiple inclusion ("many-to-

one" relationship) between generators g4 and g17: for each j1-th DGS in the i-th section, values of electrical 

parameters of generator are interrogated. This implies arity g4:  
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Similarly to arity of generatrices g9 − g11, g14 − g15:  

( ) ( ) ( ) 1141110 111 ,,,
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Communication "one-of-many-to-one" relationship 3 means possibility of the existence of connection at 

each moment of time of only one of the plurality of instances of corresponding generator with the other 

generator. For example, communication 6,0316,1 stands for ni-th amount of "Diesel Parameters" blocks 

(generatrix g6) at each time only one can participate in data exchange with automation facilities by means of 

communication with the block of formation of queues with variable lengths (generator g16). Thus, the arities of 

generators g16 and g17 are calculated as: 

( ) ii

i kng ++= 4416 , 



( ) ii

i kng ++= 3117 , 

i.e. arity of communication for relationships 2 is equal to power of corresponding generator in the i-th subset, 

and for relationships 3 is set to unity. 

Generatrix g18 is unifying with respect to generators which reflect the formation of queues of constant 

and variable lengths (g16 and g17), and is responsible for the formation of final queues of queries and responses 

for the purpose of arrangement of data exchange over the physical communication channel. Since through it all 

information about electric power parameters and state of the circuit breakers passes, the functions of block 

represented by g18 generator include transmission of statistical data on information flows and electrical power 

parameters to the database to corresponding blocks (represented by g19 and g20 generators). 

Therefore, communication relationships between 5 and 6 are "purely" informational "one-to-one" 

relations without direct exchange of data with automation facilities, while relationship 4, inclusion relationship 

(also "one-to-one") means full inclusion of data obtained from generators into other. 

Conclusion. Using the theory of pattern networks for describing the interaction of special software objects 

allows to allocate inter-object communications involved in the formation of queuing system input flow through 

the introduction of communication relationships, and further for objects, integrated by dedicated 

communications, introduces attributes as the lengths of network data packages. 

Thus, the use of pattern networks theory allows formal description of software structure of AEPP 

automated control system; such form of presentation makes it possible: 

– take into account all possible schemes of interaction of software objects when conducting functional 

testing of the system; 

– to make changes in the composition of software by introducing or removing generators and organizing 

their interaction with existing generators by means of certain communication relationships; 

– to take into account behaviour of all software objects that affect the system time of response to actions 

of operator or changes in electromagnetic processes in control objects and affect the workload of data exchange 

channel with automation tools; 

– to formally perform reorganization of software structure, if it is necessary to change the time of system 

response. 
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