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ABSTRACT: In the present paper the energy systems are analyzed as an example of the so called large 
artificial systems. An example of a multilevel system has been considered which is associated with the problem 
of dispatching active power within the energy system. The advantages of multilevel control as compared to a 
centralized approach are shown below. 

Construction process of the so called integrated production systems aims at providing functional, infor-
mation, software, and technical compatibility as well as efficiency of the individual subsystems. In terms of 
control each information management system, distinguished by a hierarchical structure, consists of three main 
levels: lowest – field level, the second one – operational and dispatching, and the third level – information level 
networks. 
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Energetic systems, with their va-
riety in equipment, huge amount of 
sub-systems and complex connections 
between them, are a natural subject 
for the application of a multileveled 
hierarchic approach in the building of 
their organization and management, 
including a wide specter of organiza-
tional activities, planning, manage-
ment, building, infiltration, exploita-
tion, support and development of in-
formation systems and technologies. 
With the contemporary organization 
of the production of electricity and its 

distribution and allocation through 
systems for access and transportation, 
organized by various wholesale com-
panies, some exceptionally elaborate 
energetic complexes emerge, uniting 
systems in narrow correlation. Due to 
the high requirements for reliability 
and safety of functioning, their man-
agement is unthinkable without quick 
and timely decisions, since possible 
failures in the energetic system may 
have serious economical and social 
ramifications. This demands the de-
velopment and improvement of new 
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Abstract: The general frame of the BG-ROM MARINEGEOHAZARDS Project is considered. The Project 
is about set-up and implementation of the key core components of a regional early-warning system for marine 
geohazards of risk to the Romanian-Bulgarian Black Sea costal area The main focus is on the data and informa-
tion about the investigations related to the creation of the marine geo hazards early warning system. The target 
topics are on the earthquakes, landslides, tsunamis, floods and similar natural hazards. Maps and schemas 
about the main hazards have been created for the Bulgaria-Romania cross border area – both in marine and 
coastal environment. The typology and quantification of the hazards and their dangerous elements support the 
key core elements selection and the infrastructure of the early warning system targeted to the population and 
society safety.  
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Bringing together the expertise 
of the two countries – Bulgaria and 
Romania, the MARINEGEOHAZ-
ARD project aims for the establish-
ment of a joint regional early-warning 
system and of a common decision 
tool, which can support in an efficient 
manner the emergency managers and 
decision makers in their activity re-
lated to protection of the local com-
munities, environment and assets 
within the cross-border area, from 
consequences of natural marine geo-
hazards. This is a pilot project and 
first attempt in this area and brings all 
risks of such innovative approach. 

Project Coordinator: National In-
stitute of Marine Geology and 
Geoecology – GeoEcoMar (Romania) 

Partners: Geological Institute 
Bulgarian Academy of Sciences (GI-
BAS); Institute of Oceanology – 

Varna (IO BAS); National Institute of 
Research and Development for Earth 
Physics (Romania) 

General objective: Implementa-
tion of an integrated early-warning 
system accompanied by a common 
decision-support tool, and enhance-
ment of regional technical capability, 
for the adequate detection, assess-
ment, forecasting and rapid notifica-
tion of natural marine geohazards of 
risk to the Ro-Bg Black Sea cross-
border area. The future intention in-
cludes as well as integration with the 
local authorities to provide warning 
issues.

Specific objectives [8]: 
 Define and implement a uni-

fied and integrated approach to as-
sessment of marine geohazards of risk 
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methods when it comes to the organi-
zation and management of large ener-
getic systems. 

The electro-energetic system is a 
complex corporative construct, which 
includes NEC (National Electric 
Company) and 52 departments in the 
country, electrical distribution com-
panies, Thermal Power Station 
“Maritza-East”, Nuclear Power Plant 
Kozluduy. Each of its components 
represent a complicated complex of 
different technological means, collec-
tives of people, united in different 
fields of services, and also includes a 
number of organizational-structural 
decisions(rules, servicing, etc.), or-
ganizational structure and technology 
of functioning. 

Hierarchy of management in the 
contemporary electro-energetic sys-
tem can be represented with a series 
of prominent levels: European, re-
gional, national, local; through a 
wholesale object – electrical station, 
sub-station, network region. Each of 
these levels is composed of its own 
internal hierarchy [9]. 

The low level of management, 
particularly if an electric station is 
being considered as a subject of man-
agement, has the most strongly em-
phasized internal hierarchy: dis-
patcher management (commands for 
commutation switching, correction 
and control of the work of group and 
autonomous management systems); 
common (secondary) automatic man-
agement of stations in normal and 
alert modes (distribution of active and 
reactive power, regulation of fre-
quency, management of commutation 
operations, function of anti-alert 

automatics, adaptation of settings of 
regulators); group complex regula-
tion, “zero” autonomic regulation, 
ensuring the assigned carrying out of 
the technological process of prepara-
tion of the energetic system and etc. 
[5] 

Typical for the energetic system 
is the existence of a complex informa-
tion structure; hierarchic dependency 
between the knots of management 
and in them; colossal in volume 
streams of information over the 
communication channels, between the 
knots of management; correlation be-
tween information and processes of 
its transformation relative to the 
goals, (which defines the semantic 
and pragmatic properties of the in-
formation); big variety of different 
information properties, transformers 
of information (different in their pur-
pose regulators, controllers and etc.; 
people from different fields of exper-
tise in the knots of management). 

The energetic system is an ex-
ample of the so called big artificial 
systems. In the technical cybernetics 
the “big artificial system” is called the 
aggregate of a big number of hierar-
chically dependent complex sub-
systems, composed of collectives of 
people and machines with a certain 
level of organization and independ-
ency, united on the base of an active 
hierarchy of goals and means of the 
organization, commonly with ener-
getic, substantial and informational 
connections for the insurance of the 
purposeful functioning of the entire 
system as “a whole”. 

The means of organization in-
clude knots for management, where 
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the process of decision making takes 
place, and executive organs, realizing 
the information of the made decision 
in action, directed to achieving the set 
goals from the management. Com-
monly, in the big system, the knots of 
management and the executive organs 
represent complex human-mechanic 
complexes. For the purposes of quan-
tity analysis of the big system, it is 
necessary for all its defined compo-
nents to be formalized. Presently, the 
least studied of them, particularly 
quantity-wise, are the organization, 
the hierarchy of goals, the informa-
tion and the independency, as well as 
the relations between man and ma-
chine, composing the knot of man-
agement. In relation to the goals of 
functionality, the big artificial system 
must ensure the completion of as-
signed substantial-energetic proc-
esses. But its functionality, develop-
ment and existence as a whole are 
determined by the processes of trans-
fer, refinement and transformation of 
information. Therefore, in the big ar-
tificial systems it is productive to 
separate three aspects: substantial-
energetic, economical and informa-
tional. With the informational ap-
proach and the observation of infor-
mational-management systems, each 
studied system is represented by three 
levels: field, management, informa-
tional – meaning, in an abstract type, 
it is represented through a hierarchi-
cal structure on the lower level, where 
the technological process sections are 
located, and on the higher levels, the 
management knots, connected with 
the objects of managements and with 

each other, through channels of the 
network communication, shift places. 

The information, circulating in 
the system, may manifest itself in 
three forms: informative – directed 
with priority from the objects of man-
agement to the relevant management 
knots; managerial – in reverse direc-
tion; transformational – defining the 
regularities of behavior of the man-
agement knot and the algorithm of 
functioning of its individual elements 
[2, 6]. 

The management knots trans-
form the informative data into mana-
gerial with the help of the transforma-
tional information, contained in the 
algorithms and the structure of the 
management knot. The different sec-
tions of the technological process are 
considered as generators of primal 
informative information. As it moves 
up the hierarchy, the information 
gradually gets synthesized, trans-
formed in the different management 
knots and arrives in the main man-
agement knot on the top of the hierar-
chy. Using the acquired informative 
information, this knot generates 
managerial information, which gets 
more detailed as it moves down to the 
lower knots. The smaller the volume 
of the necessary higher knot informa-
tion to form managerial information 
in the ”i” knot, the more autonomous 
this knot is. 

To achieve the goals of man-
agement, it is of great importance that 
only the necessary (valuable) infor-
mation reaches the respective knots. 
That is why in the informational-
managerial systems, the semantic and 
value statistics of the information are 
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displayed with priority. The manage-
ment of complex technological proc-
esses, like the energetic, always hap-
pens in an environment of lacking of 
information. This is mainly caused by 
the fact that in the management knots 
in these systems, representing a unifi-
cation of people and machines, these 
systems are only partially observable, 
partially manageable and partially 
knowable.

Figure 1 

A classical example of a multi-
leveled hierarchic system is the prob-
lem with dispatching of active power 
in the energetic system (fig. 1) 

The system is divided in n corre-
lated sub-systems. Usually, the 
boundaries of the respective areas are 
chosen in a way that each one of them 
represents a separate association or 
company. 

Each area has a series of genera-
tor stations and a big variety of con-
sumers, but as long as the transfer of 
electrical energy between the areas is 
a major interest, it can be assumed, 
that each area is characterized only by 
the following parameters: 

Figure 2 

iC  – load up (full) in area i ; 

iX  – active power, generated by 
the elements in area i ; 

iY  – loss of active power in area i ;

iU  – transfer of powers through 
the energetic lines, connecting area i
with the other areas. 

With a set load, the loss in the i
area depend on the power, generated 
in the area itself, as well as on the 
transfer of powers, meaning iY  is a 
function of iX  and iU .

 (1)  iiii U,XPY

The equation, defining the bal-
ance of powers can be written in the 
following way: 
(2) 0iiiiii XUCU,XP .

There can be an n amount of 
equations of this kind. Also, the trans-
fer of powers between the individual 
areas must be balanced: 
 (3)  021 nU...UU

Equation (2) describes the sub-
processes, and equation (3) – their 
relation.

Based on this, it can be assumed 
that the problem of dispatching of 
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active power in a unified energetic 
system lies in the need to be able to 
define, on all lines, the power iX  and 
the volume of transfers iU  where the 
value of the produced electric energy 
would be minimal. For that purpose, 
the function ii XF  is introduced, 
called function of value of generation 
in each of the areas with power iX .
Then the overall value of the gener-
ated power will be: 
 (4)

nnn XF.....XFX,.....XF 111

The problem with optimal dis-
patching is reduced to a minimization 
of example (4), provided that the 
variables nXXX ,.....1  and 

nUUU ,.....1  satisfy the equations of 
balance (2) and (3). It can be noted 
that after equation (3) the number of 
the independent values iU  is 1n .
The problem can be solved through 
the use of single-computer configura-
tion on the base of the so called full 
centralization, or on the base of a 
dual-leveled hierarchy of the com-
puter system. 

With the dual-leveled hierarchic 
approach each area has a respective 
computer for solving the task of dis-
patching and also has a central man-
agement computer. This organization 
is displayed on figure 3. The problem 
with finding the optimal distribution 
of the production and the transfer of 
power is solved with the help of a 
dual-leveled system with an organiza-
tional hierarchy. 

CENTRAL 
COMPUTER

COMPUTER
AREA 1

COMPUTER
AREA n

AREA 1 AREA n

Figure 3 

The task and goal of each hierar-
chic organization is connected with 
the solving of the problem with 
minimization. In relation to this raises 
the question how is this task supposed 
to be distributed between the com-
puters of the different areas and the 
central computer. For the purpose, a 
common approach is developed, 
based on the so called principle of 
prognostication of relations, used for 
distribution of tasks between the 
separate computers, composed of the 
following. The computer for the i -
area solves the task for minimization 
of XFi  in relation to iX  by execu-
tion of example (2). Then the value of 

iU  is set by the central computer. 
The task of the central computer 
comprises of the definition of a sup-
port level of transfer, meaning 1U ,...,

nU . If the transfer is conducted under 
this condition, the local optimum will 
simultaneously be global as well. 
When the difference between the 
support level of transfer (defined by 
the central computer) and the actual 
transfer exceeds the levels of the pre-
determined boundaries, the new sup-
port transfer is defined through an 
iteration process between the central 
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computer and the ones for the differ-
ent areas. 

The multileveled management 
(in the examined case – dual-leveled 
hierarchic system) is preferred in 
comparison to the centralized ap-
proach, due to a number of reasons of 
technical, economical and exploita-
tional nature. The more significant of 
these are: 

1. Dispatching is executed faster 
(with less necessary machine time) 
and with lower cost to the memory. 
The volume of the resources is deter-
mined by the size of the system and 
the software of the central computer, 
which serves as a coordinator in this 
case.

2. The system is less sensitive 
about changes in the structure of rela-
tions – changes that can be either of 
deterministic or random nature. 
Therefore the change in the condi-
tions in just one area causes a shift in 
only one of the tasks (local) that are 
being solved. With the centralized 
“single-area” approach these changes 
can be localized and usually it be-
comes necessary to change the solv-
ing program for the entire system (it 
is examined as a whole). 

3. In the area centers, there are 
usually computer systems, solving 
other technical and exploitational 
tasks. In that case the central com-
puter is just added for the purposes of 
dispatching coordination and for other 
goals on the level of the entire sys-
tem, for example – for the preparation 
of requests for transfer of energy it 
needs to be reminded that one area 
can be relevant to a few companies. 
That leads to a series of specific ad-

ministrative and legal problems, for 
the solving of which the dual-leveled 
management system is preferred. 

In accordance with the principles 
of the liberal energetic market, the 
consumers strive for signing contracts 
for quantities of energy that are 
maximally close to their expected 
consummation and the manufacturers 
strive for producing quantities, equal 
to the contracted ones. In accordance 
with the necessity of separate logging 
of the production and consummation 
of the different independent entities, 
the building and development of a 
singular information system for 
measurement, research, storing and 
refining of the necessary information 
is more than required. NEC begins to 
develop a large scale information sys-
tem of that kind in year 2000, simul-
taneously with the restructuring of the 
company [6]. It is in accordance with 
the contemporary information sys-
tems in the utility business, connected 
with their complex hierarchic struc-
ture with network communication, 
based on an aggregate of mutually 
connected and related sub-systems. 

The contemporary approach for 
ensuring a functional, informational 
and program-technical compatibility 
and efficiency of the individual sub-
systems lies in the building of the so 
called integrated systems in the pro-
duction in the broadest sense. From a 
management view point, each infor-
mational system with a hierarchic 
structure is composed of three fun-
damental levels. The lowest level is 
the so called field level, composed of 
networks for communication of pro-
grammable controllers (PLC) with 
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intelligent devices – sensors, meas-
urement devices and actuating 
mechanisms. In energetics, the field 
level is built on the base of intelligent 
static completely programmable elec-
tricity meters, devised for marketing 
and control measurement in networks 
for high, average and low voltage. 
Utilized are electricity meters with 
accuracy class of 0,25 with serial 
communication ports, responsive to 
IEC 62056 (COSEM/DLMS commu-
nication protocol). An important 
specificity of the field networks is the 
real time functioning and the neces-
sity of maintenance of remote, limited 
in time relations between the sub-
systems of the different management 
systems. 

The field networks are the basis 
for the building of the so called man-
agement systems with network com-
munication NCS (Net-worked Con-
trol Systems). These are systems in 
which the managerial and end devices 
such as sensors, transformers, actuat-
ing mechanisms, controllers, and op-
erational stations and so on, are con-
nected in a network and each of them 
represents a knot, a respective station 
in this network and communicates 
with the rest through a network envi-
ronment. The use of field networks 
significantly simplifies the integration 
of devices from different manufactur-
ers, as well as the diagnostics, the 
tuning and the general exploitation of 
the management systems with net-
work communication. The field net-
works have two major functions in 
the management systems with net-
work communication: transportation 
of incoming/outgoing data (manage-

ment information) from and to the 
end devices – sensors, actuating 
mechanisms, signalizations, local 
controllers and so on; transfer of other 
information, not directly related to the 
management, such as configuration 
parameters [3, 4]. 

The functional compatibility of 
the devices in the field networks is 
defined by the specifications through 
the means (unifying) of the physical 
connection to the network; diagnostic 
type matter, most commonly light 
conducting indicators; possibilities 
for adding and respectively removing 
of devices from the network without 
powering down and without the rees-
tablishment of communication, auto-
matic diagnostics and configuration 
of the apparatus part. 

A huge variety exists with the 
field networks, characterized with 
their specifications: Device Net, 
Profibus, SDS, Lou Works, Modbus 
and so on. 

The network of second (opera-
tive-dispatcher) level is designed for 
transfer of technological programs, 
coordinating and managing informa-
tion for the controllers, connected to 
the respective aggregates, installa-
tions, machines. On this level the 
communication is intense, with mem-
ory that is small in size, but with 
heightened requirements when it 
comes to soundproofing, safety and 
work in real time. This stems from the 
fact that the transferred data is deliv-
ered for management of constant 
processes in real time. Usually, on 
lower level, different field networks 
[1, 8] function. 
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For the management level, the 
simplified programming and auto-
matic network configuration are typi-
cal. Unified network software and 
controllers from various manufactur-
ers are used. In a network of this 
level, many outlines and discrete 
managerial structures can be imple-
mented – for logical management, for 
emergency signalization and blocking 
and so on. Mutual replaceability of 
the functional blocks, manufactured 
by different firms in the same stan-
dard is achieved. The networks of 
management level are characterized 
with speed of data transfer of 10-12 
Mbit/s, with flexible management of 
incoming/outgoing data and auto-
matic configuration, which is why 
they are used for building of open 
systems for control and management. 

The third level in the hierarchy 
is represented by the networks from 
the information level. These networks 
are characterized with high conduc-
tivity and are designed for transfer of 
massive amounts of information. 
Typical for this level are the global 
management tasks regarding com-
pany, branch and so on. The major 
problems here are connected with the 
volume of the transferred information 
and the speed of transfer due to the 
high requirements for fidelity and se-
curity. So far, however, an approach 
for defining an applied layer in the 
networks on level management is 
lacking with the informational level. 
This layer is responsible for defining 
the semantics of the delivered infor-
mation. Most wide-spread in the 
modern systems on this level is the 
specification known as Ethernet. The 

main prerequisite for this are the 
computers in the office equipment in 
LAN networks of the type Ethernet 
and the fast development of the global 
network Internet. These networks of 
informational level meet all the re-
quirements of the OSI (Open Systems 
Interconnect Basic Reference Model)
model and use protocols, which cover 
all layers – from the applied to the 
physical. The modern programmable 
commutators and technical improve-
ments such as Fast Ethernet allow the 
building of more and more efficient 
informational-management systems 
[3]. 

Doubtfully, there is clearer ex-
ample for the spiral evolution of the 
prices than the development of the 
researches and the practical work on 
the optimization and optimal man-
agement in the energetics and the ma-
terial manufacturing. Not long ago, 
this problem was the main research 
subject in the field of automatic man-
agement. The goal was the complex 
automation and optimization and the 
results were presented as far too op-
timistic. The hopes were not fulfilled 
and the researches were directed to 
solving of separate, isolated tasks, 
solved in different methods and 
through different means. The term 
“complex optimization” was aban-
doned. Evidently none of the research 
centers of the leading companies had 
any critical mass to solve such a 
complex task, that is dependent on the 
hardware, software, mathematic 
methods, knowledge of management 
process and last, but not least – the 
approach for the presentation of the 
managerial information, in order for 
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the optimal decisions to be taken. To-
day the informational-management 
systems include elements from differ-
ent levels: sensors, managerial and 
communicational devices with an ap-
paratus part and program controlling, 
human-machine interface sub-systems 
for connection with the managing 
business systems. The use of commu-
nicational networks as a mean of in-
tegration of sub-systems is a spread-
ing tendency, allowing the use of dif-
ferent devices without supervision 
from the manufacturer, while main-
taining full functionality. Due to this, 
the standards for the informational – 
management communicational net-
works will continue to be a major fac-
tor for their development, the major 
characteristic of which is the use of 
open specifications and architectures 
for their building. 
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