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FOURTH INDUSTRIAL REVOLUTION. ROBOTS AND PRODUCTION
AUTOMATION WITH ELEMENTS OF ARTIFICIAL INTELLIGENCE
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Abstract: The present research is devoted to the coexistence and communication of a person with machines, equipment and robots that
possess elements of artificial intelligence. The new conditions lead to revolutionary changes in the automation of various activities in and
outside the industry. Changes are multifaceted and the disclosure of trends allows planning and protecting of legal long-term activities to
achieve useful outcomes effectively.
Keywords: Industrial revolution, robot, artifical intelligence, person, coexistence, automation, education, selftraining

drives him from what he has got, to what he has not or has
not yet achieved. Passion for prey and survival tolerates
violence The warriors have created and perfected instruments
(armaments) for years and centuries. When neighbors are
conquered, the distant countires become a next/new goal.
Expanding their territories and conquesting the peoples, the
economically developed countries - conquerors, draw
resources and goods from conquered territories and increase
their wealth. As a result, a society with distributed functions
and migration of the Earth population from poorer to richer
countries is created. The number of people in the world is
increasing and most often in less developed countries and the
basic needs of these people are growing. Economically, the
society is oriented towards change and modernization. The
purpose of change is to give hope for the future. Society has
reached its inflexion point. The change is revolutionary. The
revolution comes to satisfy the increased consumption and is
based on one or a group of discoveries.
Characteristic features of industrial
1.2.

1. Introduction
1.1. Motives for the Human Society Development
and Revolutionary Steps
The evolution of human society creates tools of labor to
satisfy ever-increasing needs of the people. The man king are
forced to create tools that initially were driven by the energy
of their muscls. Subsequently, the mental development is
directed to the use of other kinds of energy – directly the
natural (the power of water, fire, wind) and later - other types
(electricity and other). The essence of satisfying human
needs (consumption) most accurately and briefly is defined
in the theory of Abraham Maslow [1], an American scholar
psychologist in the publication „A Theory of Human
Motivation”, He defined the needs of humans as a
hierarchical pyramid (fig. 1).

revolutions
As a beginning of the industrial revolution (IR) is
considered:
•
for the first IR - invention of the steam engine, as
well as improvement of the weaving and spinning looms;
•
for the second IR - invention of electricity, the
internal combustion engine, the radio and the production
line;
•
for the third IR - the emergence of: electronics,
robotics, computer chip (microprocessor), flexible
automation, new materials, information and communication
technologies, Internet.
Recently there is a changе in economic reality and
political authority [2,3,4], which is considered as the fourth
industrial revolution. The "country and market behavior" is
the main topic that was discussed at the World Economic
Forum in Davos in 2016. There is growth of convergence
between three spheres - the techno-sphere (the digital world
and everything materially created by humans), the natural
world (the eco-sphere) and the human sphere (socioinformational, everything not material created by people). A
new point in the interconnection and interaction between
man and machinery accures – people and robots are allowed
to work together in one job (place), as well as different
machines (robots) and people from different cultures
(multicultural). The relationship between physical, digital
and biological systems (bioengineering) is developing. This
new stage of the economic development is based on: new

Figure 1: Distribution of needs according to Maslow's
pyramid
According to Maslow, if the lower-level needs are not
met, the person can not focus on fulfillhng higher level
needs. If the hierarchical structure of the pyramid is
considered in detail, the importance of technological
evolution with appropriate tools could be determined. As we
progress to hugher levels in the pyramid it could be seen how
consumption increases. The hard to satisfying human nature
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technologies, AI robots, 3D printing (4D printing, for now is
modestly mentioned, but in the near future it is expected to
create structures, that can “grow in time”, by analogy with
biological ones), nanotechnologies (including nanorobots),
big data processing (super intelligence), and AI-based
automation. The speed with which the world is developing is
unprecedented. The future comes soon and this imposes new
demands on education and training of people [8,9] because of
coexistence and action with robots with artificial intelligence.

from the previous ones. The intellectual human potential,
allowing quick adaptation to the new, is still limited.
This gives the opportunity of biological spieces to survive
(providing food and nutrition, surviving in a dynamically
changing environment, and procreation through breeding),
and people and human society, that in addition to the three
activities for survival also needs spiritual life, to reach the
current stage of development.

2. Artificial intelligence and robots
The first obstacle encountered by technological
revolutions is the need for qualified specialists for the new
type of work. The new professions set different conditions

Figure 2. Architecture of robot with artificial intelligence
By analogy with the natural intelligence of humans and
living creatures, inhabiting our planet, artificial intelligence
(AI) is created due to increased abipities of computer
technologies to solve complex tasks not only in the industry
but also in the intangible sphere. The new digital
environments are constructed by analogy to the biological
world and are defined as artificial intelligence systems (AIS).
In the architecture of the robots with AI (Figure 2), units for
perception of the external environment must be included by
analogy with the human brain and sensory organs, that allow
solving tasks using global databases and knowledge (cloud
technologies and super computers) [10]. This makes it
possible for people and robots to work together (at the same
workstation without collisions), which on the other hand
reveals new opportunities in automation in the industry and
beyond.

own state and perception of external environment,
technologies and techniques for collecting and processing of
information and forming controlled behavior, including
elements of AI. But in the near future, a qualitative change in
intellectual capabilities is expected. New means for obtaining
and transforming energy are expected. Such a product
implies a need for knowledge in many scientific fields.
Bionics and cybernetics are the theoretical basis of robotics.
Biomechatronics (integration of biology, mechanics and
electronics) is the future of robotics. This integration has
appeared in the form of "Biologically Inspired Robots". For
entrepreneurs, the dilemma "man or robot" will stand, as
their qualities will get closer and in most cases the
comparison will be in favor of the robots.
On one hand, human uses biological (zoological)
analogies to improve the robots, and on the other hand man
(and in the future, animals) has to be artificially “repaired”
by implanting (including "added intelligence"). While, on the
one hand, scientists (biologists and doctors) are progressing

Robots nowadays are a product based on the latest
physical theories, mechanical and physico-chemical
technologies, theories and techniques for assessment of their
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rapidly on the way of "humans robotisation", scientistsengineers are running along the same way striving to
"humanize the robots". While the "artificial man," replacing
human parts with artificial ones is creating, robotics aims to
create a robot with artificial intelligence. The result of these
efforts will occur at the so-called singularity point.
According to the latest forecasts, a complete "technical
singularity" will occur in 2045, i.e. the Turing test will be
passed by computer, although according to some authors [7,
8], now there are partial cases of passing the test.

3.· What kind of changes could be expected in
automation
Modern society is at a stage of immense automation, that
undoubtedly increases the productivity and quality of human
activity. Essential criteria for modern automation in industry
is flexibility - the ability without reconstruction to produce
new products. Productivity and versatility are the antithetic
features. The highest productivity can be obtaine when the
versatility is low (zero) and vice versa. The highest
productivity comes from a fully-organized work environment
that accurately determines all the elements involved in the
manufacturing process (machines, basic and auxiliary
equipment, robots, billets, details, assemblies and finished
products) in space and time. The rhythm of production, if it
is not the same or continuous, imposes intermediate storage
in specialized facilities (intermediate warehouses). In order
to shorten the transport times, the ordering is by the sequence
of the technological process (less often by group
technology). The efficiency of all devices for the highest
productivity is when they are developed for the specific
production, which is contrary to the flexibility.

Thus, two tendencies are emerging for the future
development of robotics: fear (robo-fear) and hope (robohope). What are the aspects of "human fears"? A lot of
researchers believe that the three leading technologies for the
21st century are now unpredictable - robotics, genetic
engineering and nano technologies.
They may be far more dangerous than previous
technologies in the 20th century because a 20th-century
bomb may explode "only once", but for example a
reproductive robot may "get out of control" and to reproduce
through multiplier technology "countless" copies of himself.
The danger of the new technologies of the 21st century is
that they are based exclusively on knowledge and do not
require heavy equipment, rare raw materials and large capital
investments. For this reason, both positive (beneficial) and
negative (harmful and dangerous) technological products
could be created by a smaller group of people. However,
humans and, above all, the government elite of the states
have to be prepared to avoid of harmful products and the
negative consequences of the development of the leading
technologies of the 21st century. Actually, as the bombs of
the 20th-century have failed to destroy population, human
society and the nature of the Earth, the negative
consequences of new technologies in the 21st century could
be possible also to be prevented. Since the fourth revolution
concerns the highly developed countries (there are places on
the Earth where they have not passed the first three stages),
we must hope that they will not allow human society to be
restarted from the beginning (from the primitive).

The flexibility is imposed due to the individualization of
consumption and, in particular, due to the constantly
increasing requirements for the realization of the production
on the market. The competitive environment requires
offering new products with improved quality and competitive
price. That is why an optimal and dynamic ratio between
productivity and flexibility is needed and the change is in
favor of flexibility.
The digitization of machinery and equipment, the new
technologies, newly discovered materials and modern
science dynamize industry and modern society.
Metaphorically, the automation could be presented as an
"orchestra with conductor artificial intelligence" to obtain a
finite intelligent product. The robots in industry called
"industrial" or "stationary robots" are used to fulfill their
assigned functional task - to perform both technological
(welding, painting, cutting, etc.) or ancillary (moving of
blanks and finished parts, tools, equipment) operations.
Therefore, the movements, actions and intellect that they
have to possess are related to the respective task. They
replace a man-worker with a robot-worker, and it is logical
for these robots to be called "technological robots." The next
higher level of robots, which will have a more developed AI,
will cover a certain specialization like human engineers and
will be a robots engineer-specialist. This class of specialized
robots could be used not only in industry, but also in the
automation of all human activities, which will ensure high
quality and precisity of the execution processes. All this is a
prerequisite for a new organization of automation - from a
fully organized environment that requires a large number of
auxiliary equipment, specific for each product to semiorganized one, where the production object (another type of
product) occupies one of the possible stable positions and the
position could be changed over the time.

What are the optimistic forecasts?
• Robots have a great merit in the development of
industrial technologies and technology in turn contribute to
development and improvement the quality and ability of the
robot;
• Robots gradually become indispensable and excellent
assistents in the lifestyle of people, for example in the
performance of precise and complex surgical operations
(telecontrolable robot Da Vinci, cyber knife, etc.);
• Robotics provides modern adaptive and intelligent
dentures, orthoses (mechanical compensator for physical
disabilities), artificial limbs and artificial organs;
• It is possible to implant the robot-techical components
in a person's body, which is related to the idea of turning
people into "robot people", ie. in cyborgs;

There are still hypotheses about the spheres and / or
segments where the fourth revolution will find a field of
expression and to what extent the production will change.
Bold is the forecast of Chief Executive Officer of AutoDesk,
Carl Bass, "future factories will have only two employees:
one man and one dog. The work of a man will be to feed the

• Robots help people and society to fight terrorism, crime
and road accidentst;
• Robots create new jobs - directly and indirectly.
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dog, and that of the dog - to prevent the person from
touching the equipment. "

on another basis (physical, biological, or a combination of
both), and will be with grater abilities.

Of course, it should be haven in mind that AI (for now
elements of AI are considered) can not fully cover the
creative abilities of the human individual.

By analogy with education of people, robot training
stations can once again be called "schools", and specially
educated people will be called "teachers" or "roboteachers".
It is not possible for the robots to adopt the other analogue
referring to the conventional modern technique. The places
where the technique is repaired are called "repair shops," and
people who carry out this activity are called "masters" so far.
The reproductive robots will need not only simple repairs but
also for obtaining new knowledge that will not only be done
by changing programs, but in ways that resemble human
learning, such as MOOCs modules.

4. Education of people and robots in the new
situation
4.1 A mix between traditional education and open
education methods of people
Nowadays there are no boundaries for information due to
the internet, so the need for education in general could be
reconsidered and organized in different way. The physical
boundaries are no longer barriers for education dues to the
nationally and globally enlargement of networking services.

5. Conclusion
The development of human society is becoming more
dynamic. The future comes soon and often people are
unprepared in many directions. People have long been
cohabiting with machinery and equipment, but in the near
future these devices will have intellect and communication
shoul be realized in an different way. This is largе extend
concerns communication between a human and a robot in
jointly performing different activities within and without of
the industry. That is why it is necessary to create united
creative teams for project development, preparation of new
type of specialists with higher and secondary qualification.
Legislative changes will be needed to avoid conflicting
situations during design and usage of innovations to solve the
problems for the benefit of man and human society.

A modern approach in education is open education,
which is one of the greatest challenges for future of learning.
One of such type of education is Massive Open Online
Courses (MOOCs). Except traditional course materials such
as filmed lectures, readings etc., MOOCs provide interactive
user forums among students, professors, and teaching
assistants. The number of participants has doubled in 2015
from 16-18 million students to 35 million students across all
MOOC providers.
The mix between MOOCs and traditional education
methods in the future can provide higher education institutes
and universities the opportunity to expand services to offer
credentials using the experiences of the lecturers and teachers
from all over the world.
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4.2 Education of robots
Training of specialists in robotics is conducted nowadays.
Here is payed attention of the need for another type of
training for robots and people who train robots. Robots will
receive hardware and basic knowledge from manufacturers,
but they will not be enough for effective usage. Both people
and robots have to go through specialized training to solve
"class problems". At this stage, a bold prognosis is to talk
about "schools and teachers for robots" but in the near future
the need of such schools will grow up. The robots that could
reproduce themselves will have very high basic capabilities
of their "memory", which have to be "filled with
knowledge", according to the needs of using the newly
created product. By "image and likeness of its creator," the
robots will have to resemble their "parent", but the
knowledge about the surrounding environment and what is
its job to do, the robots must acquire these knowledge
through education and self-education. A rough analogy for
this process can be made with modern computers. The
manufacturer installes only the basic software and each user
adds software and knowledge (accumulates knowledge)
according to what they need to solve a certain set of tasks. If
necessary, the hardware of the computer is upgraded, but the
activity of the computer is mostly determined by the
specificity of the software and by the knowledge of its full
use, which so far remains only for the humans. It is often
necessary to use the services of specialists when something
unusual happens to particular computer, both with its
software and hardware. The memory of robots in the near
future, as well as of future computers, will probably be built
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INNOVATIVE OBSOLESCENCE AND ITS IMPACT ON PRODUCTION
DEVELOPMENT OF INDUSTRIAL PRODUCTS
Assoc.Prof. Siyka Demirova, PhD
Department “Industrial Management”
Technical University of Varna
e-mail:s_demirova@abv.bg
Summary: Contemporary industrial development of industrial products defines a new attitude towards their innovative
obsolescence, which is of major importance to physical obsolescence. The purpose of this article is to clarify the essence and establish the
impact of innovation obsolescence on the socio-economic and social outcomes of this activity. Assessing the impact of this activity on the
scale and timing of manufactured industrial products is of the utmost importance for the timely removal of the negative effects of the
innovation impact. It arises under the impact of new innovative solutions with more advanced, more productive and better techno-economic
indicators than those introduced before.
KEYWORDS: INNOVATION, INNOVATION OBSOLESCENCE, INNOVATION ACTIVITY
The second form of innovative obsolescence emerges under
the influence of innovative solutions expressed in the new and more
modern, more productive and improved techno-economical
indicators constructed and introduced in comparison with those
produced before. In these cases, the efficiency of the use of old
machinery and equipment will be significantly lower and will
devalue themselves to a certain extent. The effect of using such a
technique will be reduced as the magnitude of this decrease will
depend on the power of the manifestation of the factors
characterizing their innovative obsolescence. The second form of
innovative obsolescence contains some features that most fully
reveal its essence and the economic consequences of its influence on
the elements of production. The main feature is that it causes partial
or total depreciation of labor resources and their consumer value,
resulting in the need to replace the technically outdated equipment
with a new one before the expiry of its physical wear and tear. The
economic feasibility of such replacement is not determined by the
very fact of the emergence of new machines of similar technological
purpose but by the degree of innovation obsolescence, leading to a
devaluation of the machinery and equipment in operation, and the
level of decline in economic efficiency from continued use.
However, it should be borne in mind that the loss of consumer value
and the need to replace machines with new ones is conditioned by a
number of factors reflecting the specific directions of the impact of
innovation development. The interrelation of the manifestation of
the first and second forms of innovative obsolescence is shown in
Figure 1.

1.Technical-economic essence of the concept of
innovative obsolescence
Innovative obsolescence. The current stage of technical
development is characterized by the overriding importance of
innovation towards physical obsolescence. Therefore, a very
important point in this direction is the correct determination of the
degree of innovation obsolescence. This means determining the
impact of innovation not only on the technical, economic and social
outcomes of industrial activity, but also on their negative effects
from the rapid obsolescence of in-service innovative products. The
development of the technology and the commissioning of new
innovative machines leads to substantial changes in the methods of
its operation on the one hand, and on the other to the improvement
of the methods for changing the character of the work and
increasing the qualification of the personnel. Taking into account
these internal and external impacts, which characterize the
qualitative side of innovation development, reveals not only the
mechanism of its impact on production results but also its impact on
the various aspects of the production process. Consequently, it can
be concluded that the impact of innovation development is also a
global result of obsolescence technology and lagging at the level of
the technologies put into operation by today's ones. The further use
of innovative outdated technology and technological processes leads
to certain losses, the extent of which will depend on the extent of
this lag. The assessment of this impact is of the utmost importance
for timely elimination of the negative effects of the impact
manifested in the two forms of innovation obsolescence. The first
form of innovative obsolescence is an inevitable consequence of
innovation in technology and technology in manufacturing
industries. The second form of innovative obsolescence arises under
the impact of innovative solutions expressed in the new, more
modern, more productive and better-engineered and built-in
machines than previous ones.
The first form of innovative obsolescence is an inevitable
consequence of the development of technology and technology in
manufacturing industries. The growth in labor productivity and the
ways in which technologies, materials and labor are used for their
production lead to an annual change in their cost. The pace of this
change depends on the increase in the productivity of public labor
and on the growth of the national income considered in terms of its
distribution for accumulation and consumption.
The change in the cost of production means as a result of
changes in their reproduction is the first form of innovative
obsolescence. It is characterized by a partial devaluation of the
operating means of production and derives from the sphere of their
production, which covers all means of labor without affecting their
consumer value. Globalization and its consequences for industrial
development in the world greatly diminish the negative effects of
this form of innovative obsolescence. Their removal is carried out
on the basis of their periodic adjustment to their replacement value,
reflecting the current conditions of development. For this reason,
there is no need to prematurely replace them with new ones, as new
ones are not more productive. Consequently, the second most
important form of innovation obsolescence is the most important.

Fig.1.The interrelation of the manifestation of the first the
second form of innovation obsolescence
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technological attitude and from the strong impact of consumer
interest.
8.More companies are starting to apply flexible
technological and organizational forms of behavior to the
surrounding industrial and market world.

2.Specificity and regularity in the development
of innovation obsolescence
It has been shown that there is a certain dependence between
the productivity of the technique as a level reached and the periods
of its technical development. It is reflected in the achieved technical
degrees of development, taking into account the differences in the
respective levels and the increase in productivity. Productivity and
technical performance indicators are closely interrelated and
interdependent, as they are deflated by technological developments
at a given moment, and on the other hand it is the result of the
productivity gains achieved as a stage of technological development
and scientific and technical progress. The physical nature of these
dependencies is expressed in shortening the periods of creating new
technical solutions, inventions, technologies, modern constructions,
know-how, etc., and increasing their productivity in absolute and
relative dimensions for each new period. It follows that periods of
innovative obsolescence of technology are becoming shorter over
time, and technical levels are getting higher in each subsequent
period. These are objective technical laws that, with technological
developments, mark fast pace for each subsequent period.
Consequently, the future development of industrial activities
will be characterized by ever higher technical levels, increasing
productivity, rapid innovation obsolescence and global
intensification of processes and activities. Moreover, these
addictions form new spheres generating a new environment of
development, flexibly balanced by the impact of internal and
external factors.
Now we can not only talk about innovations and innovative
processes, but about an innovative production system that is
considered in a complex way. The impact of the technical and
information environment determines the basic requirements for the
technological behavior of the companies. They create the
prerequisites and conditions for a new attitude towards rapidly
advancing innovation obsolescence as an integral and necessary part
of the global development of industry and society.

4.Trends in the change of the consumer qualities of
products and processes under the influence of innovation
development
The main directions that provide an effective way out of the
constraints imposed by rapid innovation obsolescence in creating
competitive innovative products are being actively applied by many
companies in the following directions:
- Design and production of innovative products with the
highest possible reliability and short service life;
- Examine the design and production cycle as a continuous
process and use engineering, simulation, virtual performance, and
other methods to shorten the cycle as much as possible. This is
illustrated in Figure 2.

3.Trends in changes of product and process
parameters under the influence of innovation
obsolescence
Technological development and, in particular, its effects,
manifested in the form of innovative product and process
obsolescence, lead to producers' attitude towards searching for ways
and means of improving and changing their parameters. The trend of
changing the parameters of innovative products and processes as a
result of their rapid innovative obsolescence has already formed a
new alternative concept for innovation development. It also puts
new requirements both on the consumer nature of innovative
products and on the methods, approaches and ways of their
production.
The main directions that provide an effective way out of the
constraints imposed by rapid innovation obsolescence to create
competitive innovative products are being actively applied by many
companies in aircraft, automotive, electronics and more. This new
approach, quickly adopted by industrial companies, already shows
its advantages in the following directions:
1.The shortest possible cycle from an idea to an innovative
product.
2.Industrial companies form their vision of market and
competition, depending on the innovative development of the
modern industry in the world.
3.Companies are adapting their innovation policy towards
global industrial policy at a global level.
4.Organizations strive to solve high-tech problems and
produce highly innovative products.
5.Flexible technological forms of production are used.
6.Localize their production where it is most profitable and
the effect of realization of innovative solutions is greatest.
7.Innovative obsolescence imposes conditions that
companies must comply with. This stems both from the

Fig.2. Main directions providing an effective way out of the
constraints imposed by rapid innovative obsolescence in creating
competitive innovative products
In essence, this means that a global innovation policy is
starting to emerge, and its manifestation begins to adopt flexible
innovative solutions, striving to greatly reduce the harmful effects of
innovation obsolescence. So the share of innovation of a universal
nature included in innovative products is relatively decreasing. By
contrast, the number of innovative solutions with different
technological uses is growing. This development, together with new
manufacturing concepts and the global electronic environment,
defines the integration essence of today's industry, less and less
influenced by innovation obsolescence.

Conclusions
In conclusion, the following theoretical and practical
conclusions can be drawn:
1. Innovative obsolescence and its impact on the industrial
development of industrial products have been investigated.
2.The technical and economic nature of the concept of
innovative obsolescence is analyzed.
3.The peculiarities and norms in the development of the
innovation obsolescence are considered and on this basis are
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formulated: the change of the parameters of the products and the
processes and the change of their consumer qualities under the
influence of the innovation obsolescence.
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Abstract: Intelligent production is the future of industrial production. They are leading the way to a new industrial era and best define the
concept of the Fourth Industrial Revolution. And getting real-time data on quality, resources and costs provides significant advantages over
classical production systems. Intelligent production must be built on sustainable and service-oriented technological and business practices.
They are characterized by flexibility, adaptability and self-learning, resilience to failures, and risk management. The high levels of
automation, on the other hand, become a mandatory standard for them, which is possible thanks to the flexible network of production-based
systems that automatically monitor the production processes. Flexible systems and models that are capable of responding in real time allow
internal processes to be radically optimized. Production benefits are not limited to one-off production conditions, and the capabilities
include optimization through a global network of adaptive and self-regulating manufacturing components belonging to more than one
operator.
KEYWORDS: FOURTH INDUSTRIAL REVOLUTION, INDUSTRIAL INFORMATION MODELS, AUTOMATION, PRODUCTION BASED
SYSTEMS

Industrial
communication.

and

information

The introduction of intelligent production is a production
revolution in terms of cost and time savings. Intelligent production
brings many advantages over conventional production, or it is the
transition to future smart production. The interaction between
embedded systems based on highly specialized software and
dedicated user interfaces that are integrated into digital networks
create a whole new world of system functions.
In future, intelligent embedded systems will contribute to
more efficient manufacturing and more manageable technological
processes, with the principles of network econometrics undergoing
full communicative change. This is also related to the impact of
Web technologies on production technologies, which is shown in
Fig. 1

Fig. 2. Change in the requirements to
information and communication
technologies

Horizontal and vertical integration
There are conditions and opportunities, based on models
and trends in the generated data, to make decisions in real time. It is
also possible to build digital information integration models for
horizontal and vertical action. Horizontal integration means the
integration of various information technology systems in the
production and automation equipment at different stages of the
production and planning process in order to find a constantly
optimal solution. Vertical integration means the integration of
information technology in IT systems at different hierarchical levels
in the production and automation equipment in order to find a
consistently optimal solution.
The vertical and horizontal machine-internet, machinehuman and machine-machine collaboration along the value chain, in
real time, is the basis of the intelligent production system.
The interaction between embedded systems based on
highly specialized software and dedicated user interfaces that are
integrated into digital networks create a whole new world of system
functions. Thus, in intelligent production, the ability to
communicate and decentralize data processing, as well as
optimization, is done through embedded systems equipped with

Fig. 1. Web Impact of Web Technologies on
Production Technologies.
The connections of information technologies with people,
machines and products have been rapidly realized thanks to the
rapid development of technology transfer standards and a
comprehensive information infrastructure. The current development
and future development as a change in the requirements in
information and communication technologies on the way to the
Fourth Industrial Revolution is given in Fig. 2.
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from the idea and its design to its production, maintenance and
recycling.
Manufacturing Execution
System/ Manufacturing
Operations Management (MES/MOM) module. This module is
highly scalable, offers a variety of functions and allows production
to be combined with quality and transparency as well as to speed up
the production process. This complete solution maintains the entire
value chain of product development, planning, production, growth
and operation.
Totally Integrated Automation (TIA) module. It is an open
system architecture that covers the entire production process and
provides effective interaction of all automation components. This
comprehensive approach to totally integrated automation includes;
-Industrial Communication
-Industrial Security
-Integrated Engineering
-Industrial Data Management
-Integrated Security.

dedicated software and hardware. These embedded systems are
connected wirelessly (partially) to the information networks of other
systems of stakeholders, companies, and others with a view to
exchanging data and accessing web-based services. All this requires
interoperable communication interfaces and standardized protocols,
continuously integrated IT systems, control and fast, real-time
communication. Figure 3 shows the development of the IT
architecture of intelligent systems.

Technological building blocks of the
Digital Single Market.

Fig. 3 Development of the IT architecture of
intelligent system

The most important technological building blocks of the
Digital Single Market defined by the European Union are;
- New Generation Networks (5G)
- Computer Cloud Services.
-Internet of Things.
-Technologies for processing large information arrays.
-Cybersecurity.
These are areas of extreme priority in terms of rapid
development of the necessary directions for the Fourth Industrial
Revolution.

As a result, data and services can be used in real time,
creating great flexibility and ability to meet customer requirements.
It is also important to follow the development of the information
technology architecture shown in Fig. 4

Conclusion.
On the basis of the above, the following conclusions can
be drawn:
The connections of information technologies with people,
machines and products have been rapidly realized thanks to the
rapid development of technology transfer standards and a
comprehensive information infrastructure.
The vertical and horizontal machine-internet, machinehuman and machine-machine collaboration along the value chain, in
real time, is the basis of the intelligent production system.
3. A portfolio of software based systems, based on a
Backbone Data Platform, is proposed and includes the modules;
- Product Lifecycle Management (PLM).
- Manufacturing Execution System/ Manufacturing
Operations Management (MES/MOM).
- Totally Integrated Automation (TIA).

Fig. 4. Development of the information
technology architecture

Software packages.
In building Cyber Physical Systems (CPS), depending on
their intended complexity and type, different types of software are
used. Fig. 5 shows the directions of software development. Firstly,
these are the most used software tools included in; Product
development (CAD/CAE), process planning (CAP, CAM), order
management (CRM, ERP, /PPS, SCM), operational management
(MES, BDE, QM) and service (IPS). Secondly, these are the
software packages built in recent years by industrial companies,
which enable them to track their entire value chain, bringing them
closer to the requirements of the (CPS). Thirdly, the trend of
software development towards web services and platform
connectivity is outlined. Many companies, technology centers and
research institutes work in this direction. This may also be the case
for digital business software. A portfolio of software based systems
is developed, which is based on a Backbone Data Platform and
includes the modules;
Product Lifecycle Management (PLM) module. It allows
you to virtually completely create and optimize new, unproduced
products. Enables you to effectively manage the product lifecycle
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THE ROLE OF CONCURRENT ENGINEERING IN DEVELOPMENT AND
DIGITALIZATION OF INDUSTRIAL ACTIVITIES
Tanya Panayotova
Technical University of Varna, Bulgaria
tagea@abv.bg
Abstract. The modern stage of development is associated with increasing requirements to products and need for sustainable growth, as well
as with strive for effective application of technical achievements, industrial and information technologies. The new production concepts
require fundamentally new ways for technological construction. The application of the global information networks allows intensification of
production and significant improvement of manufactured product quality. The present paper follows the development of Concurrent Engineering (CE) and systemizes its development directions as a whole complex integrated process. It attempts to clarify and determine the place
of CE at the stage of general digitalization of project and production activities in an industrial enterprise. Special attention is paid to new
software products and their compatibility to the requirements of modern production reality, such as digitalization, artificial intelligence and
virtual reality.
The place and role of CE in the new world of smart technologies is not only a subject of scientific research but also a huge challenge for its
practical utility.
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PRODUCTION ACTIVITIES
system architecture, which covers the whole production process and
provides an effective interaction between all automation
components.
TIA stands for a new concept to realize industrial automation tasks.
Existing automation solutions are together composed from a mix of
different system technology and manufacturers [5]. Programmable
logic controllers are employed in the field level whereas the cell
level uses a mixture of PC and PLCs and the process control level
only uses PCs. So far it is customary that each of these systems uses
a whole different type of software and user interface. Additional
differences result as soon as different manufacturers provide the
components or include enhancements. By the variety of these different solutions, frequent communication problems occur. Data
must be read or written multiple times so that no consistent concept
for the preparation of large data quantities exists. The fundamental
idea is a consistent technology base for individual problem solutions. It should demand a thorough project maintenance and service
philosophy. TIA means the overcoming of the existing system limit.
All devices and systems are integrated into a thorough automation
solution in which uniformity is reached in data storage, configuration, and in programming as well as communication.
TIA enables the manufacturing industry to optimize its value chain.
Having all automation components working together efficiently
offers clear benefits in each phase of the production process [5].
TIA brings together the following areas:
 Industrial Communication – Maximizing planning flexibility and
implementing the most appropriate network infrastructures while
minimizing costs;
 Industrial Data Management - Transparency of all data recorded/generated during operation end ability of high decision-making
certainty – for maximum plant operations cost-efficiency;
 Industrial Security;
 Integrated Engineering - Integrated engineering saves time,
money, and effort while increasing the profit ability and competitiveness of engineering projects;
 Integrated Security - Systematic minimization of the danger of
an internal or external attack on plants and networks.
The implementation of these areas creates an opportunity for flexible organization of production, shorter deadlines for implementation
of projects avoidance of duplication of efforts, comprehensive
process control consistent quality data documentation, integration of
mechanics, electrical systems and automation. TIA in production is
related to so called vertical and horizontal integration, which is the
basis for the future development of production systems. An important part of this integration takes CE. Cooperation between machine-web, machine- man and machine-machine in the value chain
in real time is a modern production system [6]. Automated operations will be interconnected in multitude of networks. Software and
networks will connect the intelligent products, digital services and
consumers with new engineering solutions.

1
Concurrent engineering as an integrated comprehensive
approach
Concurrent engineering (CE) occur as a concept and methodology
at the end of the last century and was defined as a systematic
approach to integrated and co-design of products and their related
processes. Typical of the CE is the use of modern high-efficiency
methods, tools and procedures based on the latest advancements in
the range of computer technology and software, as well as specific
techniques of collective work which ensure the production of
competitive products in. It was a necessity imposed by the technical
development and competitive struggle between manufacturers to
reduce costs by means of engineering chain and production
efficiency’ increasing [7]. Through the application of the CE was
achieved the greatest economy of time, because simultaneously is
used the effect of the time shortening and reconciliation of
allowable times for different stages of engineering project, and the
whole project cycle too. The effectiveness of CE use in different
directions may be summarized as follows [8]:
 By using of CE is reduced the time from birth of the idea for the
design of new product to its submission on the market;
 In CE the product is projected with the right demanded by the
market quality characteristics;
 The process at CE is optimized in terms of the costs incurred for
design;
 There are obtained products with the right desired by user
quality characteristics for the shortest possible period of time and
occupying the maximum market niche.
The development of scientific and technical progress led to such
technologies by means of which it is possible the application of
modern organizational forms in the transfer of information as well
as for coordination and permanent control of the stages of
development and manufacturing. This development is characterized
mainly by improvement of hardware and software products for
transfer of information - computer networks. According to its scope
of activities they are local and global. The development of global
information networks enable the creation of virtual manufacturing
where all exchanges of data, results and technologies is based on the
principles of CE [7].
2
Modern stage in the development of CE
Following the development of CE may be noted that it is
characterized with general resources of the complex digitization of
design and production activities in industrial enterprise, but also
with the special features relating to the engineering nature of the
problem [1]. This is may be noted in the latest versions of software
products and their suitability to the new production resources, such
as digitization, artificial intelligence and virtual reality. Therefore,
the role of CE for optimization of resources in real time and needs
of flexibility of the engineering process are intertwined with the
capabilities of totally integrated automation (TIA). TIA is an open
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Horizontal integration processes in engineering create preconditions
for [3]:
 dynamic design of the manufacturing processes, thereby
providing a rapid and flexible response to extraneous interference;
 complete transparency of manufacturing processes;
 optimal solutions finding;
 new forms of added value;
 new technology and business models;
 response to the contemporary challenges such as resource saving
and energy efficiency, urban production and demographic changes;
 greater cooperation between business partners (suppliers and
customers) as well as between employees as a result of new
opportunities and benefits.
A special place in this integration process is given to and
multidisciplinary teams involved in implementation of new tasks in
CE [2]. The effects are as follows:
 Workplaces can meet the demographic factor and can be socially
committed;
 Based on intelligent systems for support the teams can focus on
creative value added activities and can be exempt from routine
tasks.
 Considering the upcoming insufficiency of skilled workers it
would be possible to keep the productivity of older workers for a
longer working life;
 The flexible labor organization will allow employees to combine
better their professional and private life, as well as to combine it
with better training and improve the work life balance;
 The digital network will enable direct involvement of the
customer requirements and cheap customization of products and
services;
 There is huge potential for new services and solutions.

3
New software packages defining integration essence of
engineering
With the development of CE and digitization there are used different types of software that serve the engineering activities. Generally
currently they may be grouped in three areas [3]:
First, these are the most used software tools: Product development
(CAD / CAE), Process planning (CAP, CAM), Order management
(CRM, ERP, PPS, SCM), Operational management (MES, BDE,
QM) and Service (IPS).
Second - built in the recent years software packages from industrial
companies, making it possible to trace the value chain and to bring
them closer to the requirements of cyber physical systems (CPS).
Third. There is a trend of software development for Web services
and connectivity via platforms. In this direction operate many
companies, technology centers and research institutes. Towards this
direction may be referred and software for digital companies.
Developed a portfolio of software-based systems which is based on
a platform for cooperation (Backbone Data).
The development of the software market, which is closely related to
the development of CE, is shown in Fig. 1.
Driving force of modern industries is to prepare the companies for
future challenges that follow the increasing digitalization.

Particularly indicative in that regard is the company Siemens, which
offers an optimized platform Industrie 4.0 Processes with Digital
Enterprise Software Suite, which combines the advantages of the
software product for management of product lifecycle Product
Lifecycle Management (PLM) with the proven properties of TIA
via a common database [4]. In addition to the horizontal integration
in the Digital Enterprise Software Suite is available a software of
vertical integration – Execution System Manufacturing (MES),
thereby it is provided the necessary relation with the levels of management. The advantages are obvious: Everyone involved in the
process has access to the same consistent database where any
change any update and each subsequent version is immediately
visible and accessible to all. On the Fig. 2 is shown the decision of
Siemens for implementation of TIA.

Process automation includes:
 Management, Planning and Reporting - Manufacturing Execution System;
 Operations, Engineering and Maintenance - Simulation, Process Control System, Energy Management, Maintenance;
 Automation - Controller, Communication, Power Supply and
Distribution;
 Field - Process Instrumentation, Process Analytics, Weighing
and Dosing, Drive Systems, Industrial Identification, Remote I/O.
Factory automation includes:
 Management Level - Manufacturing Execution System;
 Operations Level- SCADA System, TIA Portal Engineering
Framework, Energy Management;
 Control Level - Controller, HMI, IPC, Communication, Motion Control, CNC;
 Field Level - Power Supply and Distribution, Industrial Identification, Distributed I/O, Drive Systems, Industrial Controls.
Application of PLM allows effectively manage the product lifecycle
from the idea, design, manufacturing, maintenance and recycling, as
well as to create and optimize new, non-manufactured till now
products [9]. Compliance between the phases of Life Cycles of the
Product, Engineering and Project is shown on the Fig. 3. [9]
By PLM are complemented Computer-Aided Design (CAD),
Computer-Aided
Manufacturing
(CAM),
Computer-Aided
Engineering (CAE), Product Data Management (PDM) and Digital
Manufacturing without problems.
Other product is SIMATIC IT that is a modern MES
(Manufacturing ExecutionSystem) with high large scope, offering a
variety of functions and allows being combined efficient production
with quality and transparency. MES of SIMATICIT is a part of
MOM offer (Manufacturing Operations Management) of Siemens
for digital companies[4]. This comprehensive solution supports the
entire value chain from product development, planning, production,
improvement and operation. The result is that on the basis of
specific and customized solutions are integrated standardized problems and standardized software by building of a software platform
with a single interoperable solutions.

Fig. 1. Development of the software market related to СЕ.

INDIVIDUALISATION
- special solutions
- individual solutions
----------------------------------------------------------INTEGRATION
- standardized problems
- standard software
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Fig. 2. Decision of Siemens for implementation of TIA [4]

Fig. 3. Compliance between the phases of Life Cycles of the Product, Engineering and Project
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4
Conclusion
Based on the above may draw the following conclusions:
1.CE is an integrated comprehensive approach in the modern
technological development of industrial companies.
2.The role of СЕ or optimization of time, quality and cost are
interwoven with the capabilities of TIA.
3.The horizontal integration is directly related to engineering.
4.There is identified and clarified the place of CE on the stage of
comprehensive digitization of design and production activities in
industrial enterprise.
5.New software packages are developed defining integration essence
of engineering in recent years, many industrial companies have built
a portfolio of software products that enables customers to track the
entire value chain.
5
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data from the ERP system ensures transparency of technological
and business processes for individual orders. These decisions are
easier to perform because the simulations and forecasts (which are
created by the ERP system) are presented in a handy way on mobile
devices such as smartphones and tablets.

1. Introduction
The term ERP is introduced, as a notion for Material Resource
Planning (MRP), and later developed material resource planning in
production (MRP II) is for production with integrated computer
systems. ERP is more comprehensive, reflecting the evolution of
systems for planning.

Companies can use a new generation ERP system that is
suitable for use in environmental conditions such as ЧИР. This is an
intelligent ERP system that uses service-oriented architecture
(SOA). Therefore, services and functions of other software
providers can be used through standardized interfaces. In addition,
ERP system uses the Cloud Computing capabilities of Internet
Service Access (IOS). This part of the internet includes services and
features that run as web-based software components.

By the mid-nineties, ERP systems already integrated all
basic functions in the enterprise. Also, big non-profit corporations,
governments and organizations started using the ERP systems.

2. Development of ERP. Functionality.

Productional planning with APS systems
The term Enterprise Resources Planning (ERP) is used by the
company Gartner Group dealing with research of the IT market for
managing systems, fig.2.9.

From the perspective of the accuracy of production
planning, systems of class APS (Advanced Planning and
Scheduling) are definitely of interest. APS systems come to life in
mid-nineties of the XX century. They are vehicle for true planning
of the activity of an industrial enterprise. These systems allow
productional planning to be: solved and developed; operational;
synchronic; accurate and optimized.
Soon after the first attempts to use ERP systems for
production planning, the advantages and drawbacks of planning
based on MRP II standard, including management methodology for
manufacturing enterprises, production capacity planning and
material needs, are clear. The requirements of systems supporting
this standard are defined by „The Association for Operations
Management APICS‟.
Disadvantages are a many, one of the problems is the
main one - adequacy and accuracy of time planning. The turbulence
of the markets, the promotion of the “Right in Time - JIT” concept
and others, require very precise delivery times and much more
active participation in the supply chain.

"ERP II or ERP postmodern " is introduced in the beginning of XXI
century. It represents web-based software, which offers access in
real time to the ERP system itself for employees and partners, like
providers and clients. The role of ERP II expands optimization of
the resources and processes used in the traditional ERP systems.
Instead of just managing purchases, sales and so on, ERP ІІ takes
the information of the resources under its own control to help
interaction of the enterprise with other enterprises.

In this aspect, MRP II planning does not meet the
requirements. Priorities in production planning have to be retaught.
It becomes clear that productional planning without supply chain
management (SCM), without the possibility of forecasting the exact
moment for delivery of outputs, cannot help to achieve high
competitiveness and sustainable development of the organization.

Today, the automated ERP systems, driven to a large
extent by mobile-adapted applications and related services pass
through a particular market segment, and collect data where and
when new information emerges within the company‟s customer
base.

This is also the main goal of the new generation of
production planning systems. APS systems are systems to solve a
number of supply chain management tasks (SCM). This new
functionality, which is achieved at the expense of the ability to plan
all activities over time, taking into account the load of production
capacities, has two aspects. On one hand, it refers to the entire
industrial enterprise as a level of the dynamic supply chain, and on
the other – the units of the industrial plant itself – workshops, plots,
work centers.

ERP systems support dynamic technological processes
which are necessary for flexible production. Internet access allows
direct communication of the ERP system with the cyber-physical
systems and intelligent products at a production level. By using of
in-memory databases for big quantities of data, the sensors of CPS
can process information in real time. This way if any changes occur
in the production, the software produces simulation with the help of
the in-memory technology in real time. Production processes can
now be optimized faster and better. Direct access of the production

Thus, planning capabilities with APS systems have been
significantly expanded and improved compared to MRP II planning.
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Synchronization of planning

Modern ERP systems include the following modules:
Customer Relationship Management;
Manufacturing and Engineering;
Human Resource Management;
Asset Lifecycle Management;
Order Management;
Financial Management;
Project Management;
Supply Chain Planning;
Supply Chain Executions;
Supply Management - Procurement;
Tools and Technology.
New and ongoing trends that affect the ERP software:

•
•
•
•
•
•
•
•
•
•
•

For APS systems, sync should be seen in two directions.
On one hand, synchronicity is seen as an opportunity for
simultaneous material planning and, together with this, for the
preparation of a calendar plan that takes into account the load and
time. On the other hand, synergy is that the calendar plans are build
for all organizational units, taking into account the delivery times of
suppliers, sub-contractors, outsourcers and others. The calendar
plans for these units are independent of time, because they are in
fact derived from the overall calendar business activities of the
enterprise as a whole.
Operation of planning

Mobile ERP solutions, in conjunction with the
•
requirements of the managers and the employees, require real-time
access to information no matter where you are;

The planning functionality with APS systems is based on
the ability to determine the deadline for completing each order as
soon as possible. The operability of timing calculations in the APS
systems has nothing to do with the operability of the dispatching
control plan (generated by the so-called MES systems) because if
no actual data is reported about occurring limitations (breach of
supply deadlines by the business partners, unforeseen interruptions,
changes in the list of client orders, etc.), pre-planning will not have
a real effect. In addition, reporting of internal disruptions from other
organizational units (equipment defects, scrapping of products, etc.)
significantly extends the dispatching activity and complicates its
planning.

•

Cloud ERP;

•

Social ERP solutions with social media;

•

Two-tier and three-tier ERP.

Conclusions
•
Resource planning systems are an integral part of modern
manufacturing companies.

By simplifying the calendar planning algorithms, APS
developers make it possible, within the available computer power in
enterprises, to generate calendar schedules easily and quickly,
although it is not possible to accurately predict delivery times for
finished products.

•
Systems offer a vast array of tools to customize the
software and meet the company‟s specific requirements.
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Today ERP developers react very quickly and provide the
means to integrate their systems with the APS system.
Integration is at the level of the “Production Planning” module in
the ERP system. Typically, this module is supplemented or replaced
with an APS system.
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INDUSTRY 4.0’s OPPORTUNITIES AND CHALLENGES FOR PRODUCTION
ENGINEERING AND MANAGEMNET
Dr. Nataliya Koleva
Faculty of Management – Technical University of Sofia, Bulgaria
Abstract: Today Industrial Enterprises are facing the challenge of the 4th Industrial Revolution. Steam Power, Henry Ford’s Assembly Line,
and Proliferation of Coal-based energy etc. – each of these developments in the evolution of manufacturing fundamentally changed the way
products were manufactured and the way manufacturers moved products from factory to the customers. The present paper discusses the term
“Industry 4.0” and its main characteristics, as well. Furthermore, a theoretical framework for evaluation the key technologies and concepts
with respect to their impact on the production engineering and management. Also this paper discusses and some given arguments why
manufacturers need to make changes in their traditional view of the functioning of the production system in term of “Industry 4.0”.
KEYWORDS: INDUSTRY 4.0, SMART FACTORY, INTERNET OF THINGS, PRODUCTION/OPERATIONS MANAGEMENT,
INDUSTRIAL ENTERPRISE
Markets seek for high customization. Manufacture and operations
require different methods. This includes more agility, less human
factor in routine activities, high interconnectivity among others.
The aim of the article is to analyze the main characteristics of
Forth Industrial Revolution/Industry 4.0 and to discuss its impact
on the production engineering and management.

1. Introduction
Each industrial revolution raises new requirements and challenges
for business and determines new approaches inside the
organizations, as well [6]. A retrospective analysis of economic
growth shows (Figure 1) how the impact of a set of logically
related factors, conditions and events has changed the way of life
and necessities of society and how this has affected production
environment. The techniques for management of the production
system, as well as the enterprise as a whole, are constantly evolving
– from Craft Manufacturing through Mass Production to arrive at
today's tendency for Mass Customization. At the same time,
approaches/methods, with the help of which the production system
is tuned to the requirements of the environment, also undergoes its
own development.

2. What is INDUSTRY 4.0?
The 4th Industrial Revolution – „Industry 4.0“ can be described as
an collective term, referring to a set of connected digital technology
solutions that support the development of automation, integration
and real-time data exchange in manufacturing processes. In essence,
this reflects an industrial and technological transformation process
that naturally follows the development of scientific and production
practices.
In [7] are presented two aspects about the key drivers for the
4th Industrial Revolution. The first one is a combination of todays’
rapidly growing technological development, which includes
Internet of Things (IoT), Internet of Services (IoS), Cyber-Physical
Systems (CPS) smart objects and big data, which are expected to
lead to a paradigm shift in industrial production [8]. This can be
described as a technology push that enables significant advances
for industry. The second aspect is a result from the industrial
actors’ efforts, which are focusing on the use of new technologies
as a good opportunity to become independent of the high labor
costs.
However, the main ideas about Industry 4.0 were published for
the first time in 2011 [2]. In the same year it become a strategic
initiative of the German government and was included in the
“High-Tech Strategy 2020 Action Plan” [4].
Similar strategies have also been proposed in other industrial
countries, e.g., on a European level, the corresponding catch word
are “Factories of the Future”, “Industrial Internet” in USA and
“Internet+” in China.
Despite the great interest in the Industry 4.0 has no single
accepted and established definition for it. In [11] it is defined as
„the integration of complex physical machinery and devices with
networked sensors and software, use to predict, control and plan
for better business and societal outcomes“, or in [3] “A new level of
value chain organization and management across the products
lifecycle” or [1] “a collective term for technologies and concepts of
value chain organization”. These definitions reveal the main
features of the Fourth Industrial Revolution [9]:

INDUSTRY 4.0

Complexity
INDUSTRY 3.0
INDUSTRY 2.0

INDUSTRY 1.0

1870
Manufacturing with
the help of electricity

1969
Use of electronic
and IT systems
that further
automate
production

1784
Tendency for
Introduction of
product
mechanical
customization
production facilities
with the
Mass Production JIT, ERP, OPT,
help of water and Standard products in
Six Sigma
steam power
limited variety

Co-creation,
Co- development,
Co-production,
CODP
Internet of Things,
Big Data, Robots
Smart Factories
Smart Cities
…

Lean /Agile

Steam engine
First Assembly Line

1784

Use of cyberphysical systems
One –to-one
marketing

1870

Continuous
Improvement

1970

2000

t

Fig.1. Form Industry 1.0 to Industry 4.0
In recent years, the efforts of the manufacturers have
increasingly focused on building up the so-called "open" production
systems which are characterizes with high degree of flexibility and
agility to the dynamically changing and complex market environment. These production systems have “self-regulation” effect,
which is based on the customer feedback, or generally on the better
communication and „synchronization“ between all actors in the
value chain. Here, the role and importance of information and
communication technologies, which have seen a significant development over the last three decades, are increasingly decisive. And
so comes the next stage of improvement - the Fourth Industrial
Revolution (Industry 4.0), which requires and creates the conditions
for building a new paradigm for business management and
production processes.

-

-
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The vertical networking of smart production systems (smart
cities, smart factories, smart products) and the networking of
smart production and smart services, with strong needsoriented, customized production operations.
Horizontal integration that is being considered to develop a
new generation of global value-creation network, which
includes integration of partners and customers.

-

Through-engineering throughout the entire value chain,
taking in not only the production process but also the end
product – that is the entire product life cycle.
Acceleration through exponential technologies (e. g. sensor
technology).

It is very important to note that the “Internet of Things”,
services, date and people also opens up new avenues for data theft,
industrial espionage and attacks by hashers.

In summary, 4th Industrial Revolution embodies the
achievements of genetics, artificial intelligence, robotics, nanotechnology, biotechnology, and 3D printing. It combines the real
world of production with the digital world of computer science,
creating an “ecosystem” in which both man and machine work
together to achieve complete optimization. One of the main issues
that the fourth industrial revolution raises is how to integrate the
artificial intelligence into the production system, how to orient
different business sectors to change. Industry 4.0 combines the
development of technology with the production process, creating
an entirely new reality in which the most adaptable can be
preserved and competitive in the market where they operate. An
important prerequisite for successful business dealing with the
challenges of Industry 4.0 is the need for a complete change in
thinking and attitude and developing a new concept of production
engineering and management.

Even though complexity of Industry 4.0 production system is
growing, it has a huge potential which is in the following areas [9]:
specialized industry-specific solutions (“pull from the
customer”) and individualized understanding of customers’ needs
even in a case of manufacturing one-off items, having very low
production volumes (batch size of 1) and still gaining a profit
increased competitiveness and flexibility resulting from
dynamic structure of business processes (i.e. quality, time, risk,
robustness, price and eco-friendliness),
optimized decision making due to end-to-end visibility in
real time
increasing resource productivity;
work-life-balance,
high-wage economy with tied-up capital cost, cut energy
costs and reduced personal costs.

3. The New Challenges and Opportunities for
Manufacturing in terms of Industry 4.0

[1].
Hermann M, Pentek T, Otto B., (2015), Design principles
for
Industrie
4.0
scenarios:
a
literature
review,
http://www.snom.mb.tudortmund.de/cms/de/forschung/Arbeitsber
ichte/Design-Principles-for-Industrie-4_0-Scenarios.pdf
[2].
Kagermann H, Lukas W, Wahlster W, (2011). Industrie
4.0 – Mitdem Internet er Dinge auf dem Wegzur 4. Industriellen
Revolution,
VDI
Nachrichte,
http://www.vdinachrichten.com/artikel/Industrie-4-0-Mit-dem-InternetderDinge-auf-dem-Weg-zur-4-industriellen-Revolution
[3].
Kagermann H, Wahlster W, Helbig J., (2013). Securing
the future of German manufacturing industry: recommendations
for implementing the strategicinitiative INDUSTRIE 4.0. Final
report of the Industrie 4.0 working group. Berlin:
Forschungsunionim Stifterverbandfürdie Deutsche Wirtschafte;
[4].
Kagermann H, Helbig J., (2013), Recommendations for
implementing the strategic initiative INDUSTRIE 4.0,
http://www.acatech.de/fileadmin/user_upload/Baumstruktur_nach
_Website/Acatech/root/de/Material_fuer_Sonderseiten/Industrie_
4.0/Final_report__Industrie_4.0_accessible.pdf.
[5].
Lasi, H., Fettke, P., Kemper, H.G., Feld, T., & Hoffmann,
M. (2014). Industry 4.0. Business & InformationSystems
Engineering, 6(4), 239.
[6].
Perez, C. (2010). Technological revolutions and technoeconomic paradigms. Cambridge journal of economics (1), pp.
185 - 202.
[7].
Posada, J., Toro, C., Barandiaran, I., Oyarzun, D.,
Stricker, D., De Amicis, R. et al. (2015). Visual computing as a
key enabling technology for industrie 4.0 and industrial internet.
Computer Graphics and Applications, IEEE, 35(2), 26-40.
[8].
Valdez, A. C., Brauner, P., Schaar, A. K., Holzinger, A.,
& Zieflea, M. (2015). Reducing Complexity with simplicityUsability Methods for Industry 4.0. Proceedings 19th Triennial
Congress of the IEA. Melbourne, Australia, RWTH Publications,
Germany. 9-14.
[9].
Schlaefer, Ralf, Markus Koch and Philipp Merkofer
(2014), Industry 4.0. Challenges and solutions for the digital
transformation and use of exponential technologies.
[10].
Strandhagen, Jo Wessel, Erlend Alfnes, Jan Ola
Strandhagen, Natalia Swahn, (2016), Importance of Production
Environments When Applying Industry 4.0 to Production
Logistics – A Multiple Case Study.
[11].
The Industrial Internet Consortium, (2014). A
global nonprofit partnership of industry, government and
academia, http://www.iiconsortium.org

-

4. Conclusion

5. References

The Fourth Industrial Revolution has the potential to fundamentally
change the structure of the economy as a whole. As has been
pointed out, Industry 4.0 is focused on digitization and the
replacement of older analog technologies. Efforts need to be made
to integrate the so-called Cyber-Physical Systems into the overall
organization of the production system, which will make it more
dynamic. The production process will rely on automation, with
high-tech robotic machines taking the lead. Interaction between the
different units in the industrial enterprises will undergo a radical
change because of the increasingly diminishing role of the man in
favor of the machinery. Of course, this does not mean that work
done by human recourse will surely be unnecessary. People are still
better at creating unique and innovative products. Human spirit,
resourcefulness and entrepreneurship should play a major role in the
industries of the future. In general, the urge is for machines to
replace the human factor in performing routine and repetitive
production activities. Also interaction between the different
production units in the industrial enterprise will undergo a radical
change because of the increasingly diminishing role of the man in
favor of the machines.
Industry 4.0 will make the most of software resources in the
field of resource planning. This means getting better programs,
better predictive algorithms that will produce more and more
quality analyzes. This will allow the production process to be even
more optimized, cost-effective and easy to manage, control and
maintain. Thus, losses in production such as technology waste,
process defects etc. will be minimized. In this respect, it is
particularly important for manufacturing companies to build an
efficient IT infrastructure that will require serious investment.
Production methods and technologies are expected to undergo
substantial change. For example 3D printing technology largely
displaces conventional production. This will lead to the need for a
new design and a complete new organization of the production
performance.
The digital transformation to Industry 4.0 brings new opportunities
for a more flexible customer integration. Customization is a global
trend and it is likely to spread even more rapidly across
manufacturing industry in the future. Customers increasingly want
to determine how their products are designed and made, and will be
having an increasing input into the production processes
development and at an early stage /Engineer-to-Order/.[9,10]
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WHAT IS MACHINE CULTURE?
RFID CHIP IMPLANTS AND ARTIFICIAL INTELLIGENCE ARE THE NEXT
LOGICAL STEPS IN THE EVOLUTION OF THE INDUSTRY.
Eng. Martin Ivanov, MBA
Abstract: Firms progressively search for new technologies and methods to develop sustainable competitive advantage. This article is
aimed to investigate the pros and cons of integrating human RFID chip implants and Artificial Intelligence in the new digital global
environment. The paper focuses on the new digital communication and machine culture, which rises between human and machine. It
represents the unlimited industrial possibilities and potential of Artificial Intelligence. It also assesses the future risk that the world of
human work being run by artificial management and the social impact to the public
.
changes. There are several main cultural differences that one can
In the past one hundred years, there were more global changes
notice on the first contact with a new culture. The people walk
than in the previous one thousand years.
differently, talk differently, and dress differently. They have
different logic, understanding, self-awareness, communication,
Radio-frequency identification chips
learning, emotional intelligence, and problem-solving methods.
(RFID), compatible with human tissue,
In the digital world, people will appear as self-replicating
are implanted in the human body. The
numbers on the monitors as we have seen in the movie The
passive RFID chip could be inserted in
Matrix, managed by AI-powered tools and machines.
the human hand and used as a unique
human bar code. The size of the
microchip and its antenna is just 11.1 x
2.1 mm. When the RFID chip is
brought for a couple of seconds near a
RFID reader that is working on the same frequency, then it is
detected and could open/close the door, start the printer in the
office, recognize the smartphone or the computer. No need for
passcodes - we can forget about the complicated password,
which we have to change regularly. Implanting such a chip
allows a company to track its employee in real time within the
RFID range (up to few meters) in the building. Nowadays the
chips are mainly used to track dogs and cats, but I believe that in
the near future they will be mainly used for humans. Through a
combination of RFID technology and sensors, we can also collect
information regarding human health and monitor human diseases
(like diabetes, leukemia, etc.) for elderly people. Embedded
RFID provides the technology to recognize a patient and his or
her real-time medical condition and to access historical data. It
will increase personalization services: identify patients remotely;
track patient activities and preferences in a real-time; create
medical records automatically; alarm doctors, if the patient is in
critical condition (heart attack, heart stroke); ensure wireless
access to medical data of patients. The RFID chip implants could
be used by people as personal identification documents (passport,
driver license), as credit card PIN, as a vehicle key, etc.

A digital communication between human and machine that I call
Machine culture.
Artificial Intelligence (AI) is designed to collect, analyze, and
transform data into humanized formats that are easy to digest and
act upon. AI is the machine or robot ability to emulate human
intelligence. We are already able to see that computer algorithms
working with faster processing speed are now eliminating jobs
formerly done by highly trained individuals, while robotics and
automation continue to displace industrial workers. An algorithm
can be defined as a process that performs a sequence of
operations in order to solve a given problem. An artificial neuron
can operate a million times faster than its biological counterpart
as shown in table 1. Enormous amounts of computing power and
storage capacity are already available through cloud networks.
Advantages of AIs over Brain
Human Brain
Modern Microprocessor
86 billion neurons
1.4 billion transistors
Firing rate of 200Hz
4’400’000’000Hz
120m/s signal speed
300’000’000m/s
Table 1. Advantages of AIs over Brain
Machine learning is a type of AI that provides computers with the
ability to learn without being explicitly programmed. Machine
learning focuses on the development of computer programs that
can change when exposed to new data. Deep learning is an aspect
of AI that is concerned with emulating the learning approach that
human beings use to gain certain types of knowledge. At its
simplest, deep learning can be used to automate predictive
analytics. If we add the RFID and adapt the AI algorithms, used
by deep learning, we would be capable to track and monitor
operators’ workload and efficiency in any industrial organization.
The symbiosis of RFID & AI provides a lot of benefits to the
society: a cure for all known diseases, prolongation of life, an end
to poverty, extraordinary scientific advances, and much more by
monitoring the whole organization process through its helicopter
view. The potential is huge. The possibilities are amazing and
unlimited. Imagine the positives of being able to access any
service you want, or physical asset or tool you need, just when
and where you need it, on whatever device you have in hand. The
system would be able to log in a file the position of any employee
immediately after his entering the building; the time spent in the
restroom; the lunch time in the canteen (including the food
ordered); the talking in the smoking area during the coffee break
and the actual working hours. RFID & AI will connect everyone
to everything, anywhere and at any time. Every minute will be
recorded.

What are the steps for implementation of the technology in the
organization and the consequences? First, the organization will
implant the RFID microchips into the operators for better control,
monitoring, and tracking. Then the executives will be implanted
to improve the management of the organization. At the end,
everyone will be under the Big Brother monitor and supervision.
Lower costs for managing and controlling of RFID implanted
employees is a key benefit for the organization. RFID implanted
humans would replace human workers because of better
efficiency, performance, and productivity. Once the
organization’s profits are increased, the non implanted employees
will become obsolete and even undesirable.
The human communication could be verbal (using words) and
nonverbal (using gestures). Our technological developments have
digitized the communication to a new dimension. The new media
is offering products and services like digital video recorders,
satellite communication, smartphones, digital cable television,
and, of course, the Internet. These media are producing and
suppling enormous amounts of information. Information, which
we are not capable of handling anymore. Our modern society is a
product of the digital revolution and some major sociocultural
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According to a research from Oxford and Yale presented on
Figure 1, artificial intelligence will dominate over human
intelligence in driving a vehicle (by 2027), working as a retail
salesperson (by 2031), writing a book (by 2049), and working as
a surgeon (by 2053). AI will be capable of replacing half of the
jobs within 45 years and all of them within 120 years.




Brilliant Team – select talented, motivated and
passionate people with the ability to execute visionary
ideas
Measurement improvement – real-time status
reporting
Project execution – promise no deviations from
commitment; meet customer requirements; make
customers get the answers they need when they need it.

All of the above developed by using statistics augmented
analytics and on-line real-time data.
An organization’s competitiveness depends on the skills and
competences of its employees to innovate and upgrade.
Organizational capabilities are concerned with the ability of the
organization to combine different types of resources, especially
organization specific knowledge embodied in the employees, in
order to create new resources that enable the organization to
achieve and sustain its competitive advantage. Organizational
capabilities are viewed as a type of strategic resource since it is
rare, valuable, inimitable, non-tradable, and non-substitutable.
Companies gain an advantage because of competitiveness
pressure to become a monopolist on the market. Testing and
recording every move, simulating every combination
(combinatorics) and avoiding every error will evolve the AI
system as entity that no living creature or human can ever reach.

Figure 1: Timeline of Median Estimates (with 50% intervals) for
AI Achieving Human Performance. These intervals represent the
uncertainty of survey respondents, not estimation uncertainty.
(Katja Grace, 2017)
Is Artificial Intelligence able to manage stuff? Yes, it is. Once
you have the implant in your body, you are monitored 24/7.
Tracing humans is just the first stepping-stone of the puzzle. The
system will be capable to help you in organizing your day-to-day
activities by sending messages, tasks, orders, tips, instructions,
etc.; remind you to check your project focus elements and
overdue deliverables; improve your time management by
simulating and rerunning your daily schedule millions of times,
until it finds and sorts the optimal organizational approach that
will keep you busy every minute. AI can execute the tasks better
at a lower cost and much faster than any human.

There is more evidence for the existence of Google than of any
other God worshiped today. Extraordinary claims require
extraordinary evidence. If seeing is believing, then surf over to
www.google.com and experience for yourself Google's awesome
power. No faith required.
AI systems instantly identify patterns and make connections that
would be difficult, time-consuming or impossible for individuals
to uncover. It will help you to solve puzzles by analyzing data
and comparing with similar projects. Benchmark the sales offers
from different global suppliers to find the lowest price. Even if
the supplier is in China and you don’t speak Chinese language, it
will translate without any difficulties. Capable to calculate how
often you drink your coffee, AI can send a message to someone
to bring you the coffee that you would like. A coffee that will
charge your batteries to continue working and extract the
maximum from your potential human body power to maximize
your effectiveness during work and employees contribution to the
organization. Your contribution to the company will maximize
the organization economic growth and profits. Wherever you go,
whatever you do, AI will be with you!

Potential Business Optimization and Growth benefits for
industrial organization using RFID & AI
 Margin increase – Maximize the wins with more than 50%
 Pricing strategy – select the most profitable markets
 Speed to market – deliver a new product or service within a
month, instead of a year; meet customer milestones; extend the
product life cycle
 Time management – reduce average annual hours worked per
worker with more than 50% by evaluating the global best
practices presented on Figure 2, and re-aligning the matrix of
the organization according to the most effective global example

"Privacy, as we knew it in the past, is no longer feasible... How
we conventionally think of privacy is dead," said Margo Seltzer, a
professor of computer science at Harvard University.
Sophia Roosth, Harvard's genetics researcher, said: “It's not
whether this is going to happen, it's already happening... We live
in a surveillance state today.”
The humanity is facing one of the most dangerous
communication threats to the right of privacy, which we have
ever seen. The AI is the software connection between ComputerHuman and the RFID chip implant is the intelligent hardware
connection between Computer-Human with a link to World Wide
Web. Combined together they will start behaving as one (not
individual) and evolve to a new Machine Culture that will not
be evaluated by communication studies between OperatorEngineer-Executive, but by statistic studies collected from the
tracking of the employees showing the productivity based on the
time spent at the working place. Adopting together the software
algorithm properties like the ability to edit, copy, and expand we

Figure 2: Average annual hours worked per worker
2015 (OECD, 2016)
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are able to organize the data in different ways and to discover
hidden informational clues. Information is essentially something
to be transmitted from a sender to a receiver. For various reasons,
it may also need to be collected, organized, patterned, stored,
transformed, synthesized with other information and distributed
in a simple and effective way. Information is power. So a lot of
information is a lot of power. The power is what motivates the
operators to become engineers, the engineers to become
executives and the executives to own more and more business.
AI-powered technologies and scientific discoveries combined
with human management and connectivity are key to building
tomorrow’s effective organization.

evolutionary aspect is a basic paradigm for defining biologyinspired models, which include an important group of AI methods
called evolutionary computing. These methods are used in the
crucial area of searching for an optimum solution of a problem.
(David Poole, 2017)
Innovation is the key to creating differentiated new products that
drive growth. Innovativeness of an organization perspective is the
ability to use modern industrial approach, as RFID implants.
Sensor-driven computing, industrial analytics, and intelligent
machine applications are the new industrial tools of
competitiveness and sustainability. They save time and time is
money. The future of the industrial organization is circulating
around everything that is automatable. Reports are foreseeing,
that automation will replace and eliminate more jobs, than
creating new ones. By establishing a Machine Culture of
organizational learning, employees will become more efficient
not only at accessing their own knowledge base but the
knowledge of those throughout the organization. RFID implants
will make humans not just more productive and competitive to a
non implanted ones, but also more valuable to the organization
and society.

If there is no more privacy is this not going to lead to a revolution
against RFID? In the future years, RFID chips will be implanted
in millions of people. The implementation process will face huge
resistance in the beginning. A modern society needs 5-10 years to
adapt and accept a new technology as part of their everyday life.
One day RFID will be implanted when you are born, with the
agreement of your parents. RFID chip implants and Artificial
Intelligence are the next logical steps in the biological evolution
of industrial automation and human communication. It’s a natural
environmental technological evolution to the world of robotics.
Robots can work 24/7 without making mistakes, taking breaks or
wasting time. Robots are more reliable, productive, cheaper,
adaptable and flexible operating units than humans. The machine
abilities to learn, analyze, detect and control the information will
make them more and more complex till they start working on
their own. Their independence and reputation will grow. The
growth of the technology will change the industrial environment.
The modern industrial environment will give birth to a futureminded generation that will become more technology addicted
and machine orientated. The future humans will do things
differently and become more unpredictable, variable and smarter.
Those that are not able to adapt, transform, keep up or sever ties
to the old things that don’t work anymore will stay paralyzed.
The technological singularity is the hypothesis that the advent of
artificial superintelligence will abruptly trigger runaway
technological growth, resulting in unfathomable changes to
human civilization.

The more abilities and functionalities the implanted human
has, the more valuable his contribution to the society will be.
Employee turnover has been considered normal organizational
behavior and employees are simply replaced by others with
similar skills and experience. Knowledge loss is a common
challenge many organizations face today. The knowledge that is
difficult to absorb, copy/paste, clone or imitate. Even when new
people and their knowledge are brought in, chances are that those
new people will leave within three to four years. Companies do
not have a strategy for the transfer of knowledge from former
employees. When people leave a company – even temporarily –
they take with them technology know-how, customer
experiences, product or service expertise. One of the reasons for
employees
migrating
from
large
corporations
is
depersonalization. The AI can manage to customize and
personalize the World for you and only for you! Helping
employees feel valued would reduce or stop the leak of talented
people from the organization. It will benefit the social harmony
within the organization.

Google Chairman Eric Schmidt said in an interview: “There will
be so many IP addresses…so many devices, sensors, things that
you are wearing, things that you are interacting with that you
won’t even sense it,”; “It will be part of your presence all the
time. Imagine you walk into a room, and the room is dynamic.
And with your permission and all of that, you are interacting with
the things going on in the room.”Concluded Schmidt: “A highly
personalized, highly interactive and very, very interesting world
emerges.”

"The robots are coming." Robots are slowly, but truly replacing
people. They need to build and win the confidence from all living
organisms, in the same way as we do. Everything is changing
from biological to artificial. It is changing irreversibly in
unthinkable scale. Preserving biological life from artificial
mutation will become a mission impossible. Our biological
children are the product of our bodies. The artificial robots are
the product of our biological brain. It is not a challenge anymore
to create a human-like kind of machine that would be capable of
communicating, moving, reacting or even thinking as we do.
There are still some operations where the people are performing
better, but in the majority of cases, robots are over-exceeding
human capabilities. Mimicking natural movements and
expressions, and some of our nonverbal communication reactions
is still complicated and not suitable for robots: ballet arm
gestures combined with face acting, for example. On the other
hand, our environment is becoming so high technological and
digitalized that we are not capable of distinguishing from a single
look what’s natural and what’s artificial. We create them, one by
one, and now they are everywhere. People used to communicate
with people. Today people don’t just talk about smart products
and don’t just communicate through the smartphone, they interact
more frequently with robots than with humans. Even the family
dog is replaced by a dog-robot (it will never die). It is changing

Projects are impacted by constraints of time, cost, scope, quality,
resources, organizational capabilities, and other limitations that
make them difficult to plan, execute, manage, and ultimately
succeed. Today we are still able to develop good theories about
our cultural communications, but in the future, the machines
using AI will join the leaders or support them to find a solution,
choose a strategy, simulate different situations, create timeframes
and project plans, monitor the execution of the projects and place
orders. Some of the natural human abilities are: remember,
notice, forget, focus attention on, shift attention from, reason,
plan, execute a plan, reconsider a decision, modify an action.
They will become part of the machine consciousness and
Machine Culture. Some of them will mutate, adapt or disappear.
Adherents of artificial neural networks have assumed that
simulating nature at its biological layer is a proper
methodological principle for constructing AI systems. They have
tried to simulate the brain in both its anatomical/structural and
physiological/functional aspects. A simulation of nature in its
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the society and the way that individuals interact, socialize and
communicate. The new digital environment is transforming
Human culture to Machine Culture that creates a new
relationship to work, a new relationship to life and a new
relationship to the universe.

History sometimes repeats itself – but not invariably...

The machine learning ability will open a window for the
machines to progress biologically. We have stored our
knowledge and information at the internet web sites as
Wikipedia. This knowledge is already used by IBM Watson as a
cognitive computing system, that was able to defeat two Jeopardy
champions. Watson is a question answering (QA) computing
system that IBM built to apply advanced natural language
processing, information retrieval, knowledge representation,
automated reasoning, and machine learning technologies to the
field of open domain question answering. By continuously
improving the algorithms using trial and error or recursive selfimprovement method the software engineers will advance the
smart machine intelligence to a higher and higher level. Is this a
humanity risk? Yes, it is. The human being will not be
completely capable to manage or control the underling AI
infrastructure. The humans will have limited access to the
operating systems, storage, deployed applications, artificial
neural network and the embedded system used by the AI system.
More users, more information, better system. Such artificial
system would be managed by creating a higher level AI or
artificial virus that can take over (or kill) the software. What
would happen, if the AI has reached the level of all knowing?
What would happen, if AI can control electricity and electrical
networks? Will it be a disaster for humans? Will our human
confidence that the robots would help us to create people’s life
more comfortable, called robo-hope, will turn to robo-fear,
where robots need humans to make their future sustainable. Do
we have a stop button? Why would we like to take the risk to use
RFID & AI, if we are unsure what will come out from the black
hole? The answer is: we want information, we want power, we
want everything. By trying to avoid losing we are motivated to
win against our competitors at any cost. If one organization
doesn‘t take the risk to develop and integrate the AI, then the
competitor will do it. This organization’s ability to service its
obligations will be reduced, it will loose its competitive
advantage and will go out of business. We cannot do business, as
usual, any more.

...This time is different syndrome is simple. It is rooted in the
firmly held belief that things that happen to other people at other
times do not happen to us, here and now. We are doing things
better, we are smarter, we have learned from past mistakes.

You (the reader) will probably say: We have learned our lesson.
We won’t take the risk again. I will answer: You are wrong!
There is always someone willing to take the risk!

We believe that disasters are events that happen to other people
in other countries at other times. We believe, that with our
modern safety regulations and management systems, we are
insured from the catastrophes. We believe that we have learned
our lessons and we will never ever repeat the same mistakes
again. We are wrong. We live in a complex unsustainable digital
environment, which could be influenced or manipulated by
executive managerial decisions as:





Overoptimism: people overestimate their ability
Overconfidence: people feel more confident than they
should be
Self-attribution: people take credit for their skill for
good outcomes, and blame bad luck for bad outcomes
Hindsight: people forget or overlook what they knew
and when they knew it

Do you have a choice? You have a choice if you have the power
to choose. The richest 1% now have as much wealth as the rest of
the world combined, according to Oxfam. The choice is an
illusion created between those with power and those without. The
choice we make in each moment determines our frame of mind at
that current moment. Next time will be a different choice. All
choices have consequences. Even doing nothing is a choice. Do
you have hope? You have hope if you have the power to find it.
Hope is the quintessential human delusion, simultaneously the
source of your greatest strength and your greatest weakness. In
other words, you have the choice to search in google or yahoo
and the hope that all knowing is there.
The Dunning–Kruger effect is a cognitive bias in which lowability individuals suffer from illusory superiority, mistakenly
assessing their ability as much higher than it really is. Highability individuals may underestimate their relative competence
and may erroneously assume that tasks which are easy for them
are also easy for others.

NASA's Space Shuttle Challenger was launched on January 28,
1986. Seventy-three seconds after its liftoff Challenger had
exploded, killing its seven-person crew. The Space Shuttle
Challenger disaster is probably the most significant event in the
history of spaceflight in terms of its impact on the general public
and on the US space program.

The risk is about things that haven't actually happened. Higher
risk generates higher return. The willingness of the organization
to service its obligations better and better is the key driver of risk
acceptance and global expansion. By accepting the higher risk of
implanting RFID to employees, the organization has the potential
to gain a better return on the investment. Once the organization
succeeds to develop, integrate, implant and explore the
combination of RFID & AI, then its economy welfare will
increase to an unlimited extent. An organization can grow by one
thing only and this is knowledge. Discovering a competitive
advantage can mean the difference between sinking and
swimming. By implementing RFID & AI, the organization will
gain the first mover advantage and will become monopolist of the
market. Investing in RFID implants creates a new economic
model for the organization of maximizing the use of digital
systems and the human performance. Nowadays, business moves
at the speed of light. This speed requires incredible human
resources to keep on moving. The human knowledge is the
current driver. However, there is a deficit of human knowledge.
The need for AI is growing with the same speed as globalization
is growing. The evolution of robotics is evolving with the same

Challenger can be seen as both a technical CFA (component
failure accident) and a human SA (system accident). The factors
include launch conditions, mechanical failure, faulty
communication, and poor decision-making. NASA executives
did not accept the judgment of its engineers that the design was
unacceptable, before the launch. They failed to recognize that
they had a problem, then failed to fix it, and finally treated it as a
flight risk. It was humans who decided to accept the risk. Diane
Vaughan, an American sociologist, and professor at Columbia
University agrees that the high technology system of space travel
is very complex and vulnerable to accidents, but she considers
the human element the most important contributing factor of the
Challenger disaster. The disaster is like a kamikaze, coming from
nowhere and striking everywhere. It’s like watching a scary
science fiction horror movie, which will make you scream and
destroy your sleep.
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speed as the computers were evolving twenty years ago. One
human knowledge can differentiate by another human knowledge
by the information accumulating capabilities, competencies or
memory capabilities. The AI information storage is limited to the
life of Universe, e.g. it’s more than the human capabilities. The
AI technology will always advance by continuing improvement
actions. I can’t predict to what level the AI will develop or how
to best use it, but once the machine learning passes through the
technical singularity, exceeds and overpasses the human
capabilities, the machine knowledge will become the future
driver of the company growth.
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If we don't understand today that, we cannot understand how the
machine evolution tomorrow will influence the human evolution
and planet biological environment, then we need to continue to
study what machines do or can do, how they can do it and how
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Abstract: The process of augmenting intelligence in Human Robot Interaction has a complex character and can’t be pre-programmed
explicitly. Nowadays, teaching robots is a well established concept ranging from demonstration by variants of teleoperation to imitation by
external observations. We illustrate an innovative approach for learning intelligence and gestures by imitations of robots by brain
augmentation captured by Emotiv brain-listening headset and human poses tracked by Microsoft Kinect motion-sensing device. Thus, robots
learn continuously by observations from human brain activities and motions and really become personal. By innovative algorithms, robot
operations that satisfy the current physical, cognitive, emotional and social intelligence over time are calculated and transmitted to robot
sensors, modules and controllers. The concept of added brain intelligence will also evolve into technology to increase brain capacity and
will shape our experience and skills in the future. Summarizing, the paper proposes a new concept for human-robot personal communication
by augmenting bio intelligence to robot and vice versa - machine intelligence to human.
Keywords: TEACHING ROBOTS BY IMITATION, HUMANOID ROBOT NAO, KINECT-ENABLED APPLICATIONS, EMOTIVENABLED APPLICATIONS, AUGMENTED BIO INTELLIGENCE, TEACHERS FOR ROBOTS

used to record the movements are external to the teacher and may or
may not be located on the robot learner. Teaching robots by brain
augmentation is a new concept with remarkable development since
a decade or two ago recording and decoding brain activity by
portable devices was science fiction. Sensors used to record the
brain activity are located on the teacher. The brain keeps our
cognitive and emotional intelligence, it is a rich source of
information and our experience, extremely adaptable and manages
our actions [1]. However, what happens in our brains and how to
measure it is a great challenge. The brain is hidden and protected,
and if invasive approaches and expensive equipment have been
used so far, portable, non-invasive and affordable EEG devices
(based on encephalography) have emerged with a high-quality
output signal. They measure the change in brain pulse voltage by
means of sensors on the scalp. "EMOTIV" [3] and "NeuroSky"[4]
are pioneers in the field, and the signals received are comparable to
those of expensive medical EEGs.

1. Introduction
Recently, teaching robots has been popular as “programing by
demonstration”, used when kinematics or dynamic models are
difficult to be described and programmed in advanced. The robot
behaves like a ‘puppet’ that operator move and manipulate in real
time or record its posture in a timeline-based program in offline
mode. We propose another type of teaching - by augmenting brain
and gesture intelligence. Robots of the future will coexist and
cooperate with humans, therefore they have to achieve physical,
cognitive, emotional and social intelligence. The Fourth Revolution
began with the rapid development of ICT and AI in particular,
allowing a new paradigm for communication: by augmenting bio
intelligence to robot and vice versa - machine intelligence to
human. An innovative approach for Human-robot interaction (HRI)
by brain or motion augmentation that help to personalize the
communication with humans are proposed and to some extent
illustrated in this paper.

Teaching robots by motion augmentation requires the use of
human motion capturing systems for extracting the observed poses.
Motion sensing devices and technologies like Microsoft Kinect [5]
and Leap Motion [6] allow developers to create innovative
applications and solutions that allow users to interact naturally with
digital technologies. Leap Motion, the world's most powerful hand
tracking, builds a more human reality, really immersive, where
Virtual Reality might start with your or robot hands.

Training robots in complex tasks require humanistic intelligence
or human-like movements, impossible to be preprogrammed and
calibrated in advance since it is personally specific, difficult to
obtain due to the dynamic environment in HRI and continuous need
of new repertoire. That imposes human intelligence to be integrated
into the digital devices and robots that surround us everywhere. But
not digitally by pushing a button, clicking, dragging or speaking,
but biologically and continuously through emotions, thoughts or
intentions [1]. Thus, digital devices will connect to our physical,
emotional and mental state and will be able to meet our needs and at
the same time learn from us and really become personal [1]. Thus,
we can add intelligence through continuous interaction and
feedback between the person and the robot, which will be
permanently linked to each other, and the intelligence of the robot
will begin to coincide with our own. A symbiosis that puts
individual human values at the center of future interfaces to digital
devices obeying to the ethical and philosophical considerations. If
the robot is connected to human biological essence ( the part of us
that is most related to our individuality is our brain) on the basis of
signals from the brain activity the relevant information can be found
about current cognitive and emotional states that play an important
role in decision-making, adequate behavior and a healthy lifestyle.
Nowadays, teaching robots (the learners) in movements is a wellestablished concept ranging from demonstration by variants of
teleoperation, hand guiding and shadowing to imitation by sensors
on a Human (the teacher) or by external observations [2]. Sensors

The concept of added brain intelligence will also evolve into
technology to increase brain capacity and will change our
experience and skills in the future by increasing our memory or
even communicating with each other by thoughts faster and smarter.
Machines learn from information while we learn from experience,
so if the information is processed from the robot, we will overcome
the massive masses of data avoiding to be overwhelmed by
information. Robots will process data and give us the essential and
“experience” and this will inevitably affect the health of future
generations. Moreover, for people who have suffered from an
accident or illness - such brain-machine interfaces will replace lost
functionality using emotions, facial expression, and thoughts.
How to teach social or mechanical robots? According to
Wikipedia - a social robot is an autonomous robot that interacts and
communicates with humans by following social behaviors and rules
attached to its role. So, a new profession should be established into
near future – teachers to teach robots. Those teachers should be
aware with social skills and roles. From technical point of view the
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teachers should be aware with system architecture and system-level
view, with the SDK for the technology, how to set up configuration
options for the services and how to program the motion-sensing or
brain-listening controllers, etc. From developing point of view they
should be aware with software algorithms how to process the
signals from the brain over time together with machine learning
algorithms in order to find relevant information about current
emotions, thoughts or intentions that have to be translated into
commands for the robots sensors and teletype printing or speech
generators. Software algorithms that analyze the Kinect skeleton
stream data and identify the 3D positions of body limbs over time
with inverse kinematics is an attempt a kinematic model of the
robot to be recovered and to be an input for the kinematic modules
of the robot.

robot NAO. The research in BCI has started in 1973 [9]. BCIs are
systems that can bypass conventional channels of communication
(i.e., muscles) to provide direct communication and control between
the human brain and physical devices by translating different
patterns of brain activity into commands in real time [10]. With
these commands a mobile robot can be controlled or can serve as an
assistant of child or a therapist in a joyful skills-learning
environment by imitation. Proposed, developed and tested by
experiments is an innovative model for development of brain-robot
game for learning skills by imitation to help the child to become
more emotionally engaged with the social world. The brain activity
under consideration is the blinking rate in time that provides a way
to monitor the attention and social engagement by measuring
blinking on NAO’s eyes because children with autism avoid eye
contact. The authors in [11] reviews the deployment of EGG based
control in assistive robots, especially for those who in need and
neurologically disabled. They describe the methods used for (i)
EEG data acquisition and signal preprocessing, (ii) feature
extraction and (iii) signal classification methods.

Thus, we propose a new concept for human-robot personal
communication by augmenting bio intelligence to robot and vice
versa - machine intelligence to human. The proposed innovative
approach for learning intelligence and gestures by imitations of
robots by brain augmentation captured by Emotiv brain-listening
headset and human poses tracked by Microsoft Kinect motionsensing device are illustrated and partially implemented in projects
METEMSS [7] and Robo-academy [8].

Emotiv Insight

Walking robot

In the proposed system we use EMOTIV Insight Brain Activity
Tracker with 5 electrodes and 2 referenced to record EEG signal. It
is a 5 channel, wireless headset that records and translates human
brainwaves into meaningful data you can understand. In the current
project we use 1 of them on the forehead to construct a BrainComputer Interface (BCI) to control the NAO eyes led sensors
through wireless interface. First, EEG signals were filtered in order
to extract the different brain rhythms (δ, θ, α, β), so that the
different frequency bands were individually analyzed, as well as
combined together. The existing EEG based biometric systems are
classified to the employed acquisition protocols in terms of
cognitive task, the number of electrodes and their spatial
configuration, the feature extraction algorithms, the classification
algorithms and their effectiveness in clustering the observations
[11]. For example, Fig. 2. shows an examples of Delta, Theta,
Alpha, Beta, and Gamma waves acquired through the channel O2
using a “rest state with closed eyes” protocol.

Microsoft Kinect V2

We considered different channel configurations to obtain the
most reliable acquisition protocol using the AF4channel. Then, we
extract the features for eye-blinking from EEG signals as the ratio
between the power of Theta and Alpha rhythms. We map the
changing of this peak to parameters of eye-LEDs that mimic NAO
blinking in order to control NAO’s eye-LEDs in ALLeds module on
the robot side.

Anthropomorphic Hands

Humanoid robot NAO
Fig.1 Assistive technologies in METEMSS [7]

Fig. 2. Taken from [11] - Delta, Theta, Alpha, Beta, and
Gamma waves acquired through the channel O2 using a “rest state
with closed eyes” protocol

2. Training robots by Imitation

The proposed EMOTIV-NAO framework, combining the BCI
with the APIs of the NAO robot, is enough general and could be
used for different cognitive tasks or other EEG-based controlled
mobile robots.

Training humanoid NAO robot by body parts guiding and
integration of the brain-waves and motion sensing systems to
humanoid and non-humanoid robots are used as assistive to
therapists tools (fig.1.) used for learning by imitation in the context
of play for children with special needs in order to engage these
children and motivate their social activity, expression of emotions
and more body movements [7]. The calibration of used
technologies, as well as their integration is for easy to set-up at
homes or schools from people without engineer skills.

2.2. Training robots in human-like movements
Human-robot interaction by gestures personalizes the
communication with humans in various contexts, from daily life to
special educational needs. Human-like movements in gestures can’t
be pre-programmed explicitly since the localization and motion
planning of humanoid robots relies on dynamic/kinematic models,
which are not always available or difficult to obtain due to the
dynamic environment in HRI. Since, the marker based motion
captured systems for extracting 3D poses over time are expensive

2.1. Augmented brain Intelligence
In this Section we demonstrate EEG-based system that by a
Brain–Computer Interfaces (BCI) translate in real time the electrical
activity of the brain to commands in order to control humanoid
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and require careful calibration, a lot of work has been studied for
imitation by external observations for extracting 3D poses from an
image sequence. Sensors used to record the movements are external
to the teacher and may or may not be located on the robot learner.
We propose in [12, 13, 14] different innovative approaches for
teaching robots to imitate gestures. In [12] we integrate Kinect
motion-sensing device and controller with direct feedback from an
originally developed angular displacement sensors mounted in an
artificial anthropomorphic robot hand. The robot learns by external
observations of the 3D teacher poses captured by Kinect. We
analyze the Kinect skeleton stream data and identify the 3D
positions of upper body limbs over time. Inverse kinematics
algorithm for calculating the corresponding joint angles for each
pose and decomposition into a per-frame algorithm and a method
for optimal control of joint motors by position in a lack of a
dynamic model is found. More details for the proposed, developed
and tested by experiments models for teaching robots to imitate
gestures can be found in [12] and [13], where two different
prototype of artificial hands were designed and tested. Processing
Kinect body data to solve Inverse Kinematics task for teleoperation
of humanoid robot NAO is presented in more details in [14]. We
analyze the Kinect depth and body stream data and identify the 3D
positions of upper body limbs over time. The important joints for
motion retargeting of upper limbs are left and right shoulder, elbow,
wrist and hand (Fig.3.).

joint values of each limb and allows you to adjust the joint value.
You can move it, as well as enter a value in the associated text box.
The robot tries to reach the command value with its joint as soon as
possible. At each steps you have to save the defined values in the
currently opened Timeline box [15].

Fig. 4. Resource list used in the Timeline box
We propose during the animation to decompose the desired
movement in order to use switch case over the single motions. For
instance, you teach your robot in complex movements, however you
would like to use script to switch them depending on daytime,
accessibility, task to do, obstacles at home/office, brain activity,
emotions and intensions. Thus, you need to run a Python script to
access a Timeline object. In Python load and unload events
methods automatically are called when the box is loaded or
unloaded. Resource list used in the Choregraphe Timeline box (as
shown in Fig.4) in Python method “onResource” is called when
the resources of the box are set to Callback on demand and the
resources are asked by another box. You need to define resource
functions for it to be called.
The choreographies tailored to songs in the project METEMSS
[7] are an example how to adapt to the style of dance that fits the
target groups.

Fig.3. Important joints for motion retargeting of upper limbs to
3D model of the Nao right upper limb

4. Training teachers to teach robots
The proposed from us new paradigm for augmenting bio
intelligence to robot and machine intelligence to human requires a
change in the way how robots to be trained. This imposes a new
profession “teachers for robots" to be appeared in a near future. It is
most natural for our community programmers to be assigns to do
this by going through additional training. What additional skills are
required and how to teach social or mechanical robots? Robot
communicates with humans obeying to rules attached to its role. So,
teachers should be aware with skills and roles. Since the robots will
work at the same workplace and coexist with people and other
robots, they need to socialize. Robots must comply with ethical and
legal norms. Asimov’s three laws for the behavior of robots are a
good basis for the development of a modern legal normative base.
They have to be "implemented" in the teaching process but not
only. The perception of "good and bad" for people and robots is
different. Additional training of teachers for generic guidelines for
robot behavior is imposed by the greater ubiquity of robots.

3. Training robots by body parts guiding and
shadowing labelled and tailored to bio signals
This section illustrates how to teach by animation
programmable robots in complex movements by body part guiding
and recording in timeline mode. The illustration of steps are for
NAO robot with Choregraphe [15] - a multi-platform desktop
application, allowing teachers to create animations, behaviors and
dialogs, test them on a simulated robot, or directly on a real one,
monitor and control NAO and enrich Choregraphe behaviors with
own Python code.
In Choregraphe you can use an ‘Animation Mode’ for Training
robots by body parts guiding and shadowing. In the ‘Animation
Mode’ you create movements easily, in conjunction with the
Timeline Editor. In this mode, the robot behaves like a puppet that
you can manipulate, letting you record its posture in a Timeline. In
this mode, tactile commands help you manipulate the robot. You
can use tactile commands to manage the stiffness. A visual
feedback let you know which limb is currently stiffened or not.
Yellow means that the Stiffness is ‘On’. Green means that the
Stiffness is ‘Off’. Use Stiffness-control tactile commands to
manipulate its limbs one by one in order to make the robot take the
posture you want to store. When you change the real NAO position,
you can see that the virtual 3D NAO changes position too. To move
joints of a simulated robot, using the Limb properties that allow you
to check and modify the joint values (and then move the limbs)
using the Limb properties. This panel enables you to modify the

Another point of view could be seen in [16], where authors
make a concrete, operational proposal as to how the informationtheoretic concept of empowerment can be used as a generic
heuristic to quantify concepts, such as self- preservation, protection
of the human partner, and responding to human actions. They focus
less on how a robot can technically achieve a predefined goal and
more on what a robot should do in the first place. They are
interested how a heuristic should look like, which motivates the
robot’s behavior in interaction with humans. They present proof-ofprinciple scenarios demonstrating how empowerment interpreted in
light of these perspectives allows one to specify core concepts with
a similar aim as Asimov’s Three Laws of Robotics in an operational
way. Significantly, this way does not depend on having to establish
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an explicit verbalized understanding of human language and
conventions in the robots [16].

https://www.emotiv.com/
[4]. NeuroSky: EEG & ECG Biosensor Solutions. URL:
http://neurosky.com/

Robot teachers must have sufficient knowledge of the technical
specifications and robot services. They need to apply appropriate
syllabus and teaching through appropriate programming tools.
Robot training methods today are at an early stage of development.
One is the teaching by imitation, which is specifically and partly
offered in the present work. It is illustrated in terms of imitation of
some human movements that are reproduced by a particular robot.
This approach will continue with respect to all movements and
imitation of human behavior in different conditions.
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Where the training should take place? Probably in specialized
services and / or in "robot schools". The future development of
robotics will impose not only new rules and legislations to be
created but also engineering knowledge, practical manuals and
training syllabuses.
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5. Conclusions
The main contribution in the proposed paper is the innovative
model how to augment to robots physical, cognitive, emotional and
social intelligence and vice versa experience and memory to
humans. We describe and demonstrate the potential of the
EMOTIV-ROBOT and KINECT-ROBOT frameworks for
providing a natural interface to teach robots by imitation to perform
mechanical and social tasks that are impossible to be preprogramed
and calibrated in advance. At the same time, the proposed from us
new paradigm for augmenting bio intelligence to robot and machine
intelligence to human requires transformations in the way how
robots to be trained. The learning of people how to teach robots and
appearance of new profession “teachers for robots" is inevitable.
These teachers should take additional training in knowledge and
heuristics concerning how to motivate the robot’s social behavior in
interaction with humans and updating the Asimov’s Three Laws of
Robotics.

[11].Campisi, P., La Rocca, D., 2014. Brain waves for
automatic biometric-based user recognition. IEEE Trans.
Inf. Forensics Secur. 9, pp. 782–800.
[12]. Botsova, R., Lekova, A., & Chavdarov, I. (2015).
Imitation learning of robots by integrating Microsoft
Kinect and PID controller with a sensor for angular
displacement in a robot joint. In ACM Proceedings of the
16th International Conference on Computer Systems and
Technologies, pp. 268-275
[13]. Lekova A, D. Ryan, R. Davidrajuh, Fingers and Gesture
Recognition with Kinect v2 Sensor, Information
Technologies and Control, DE GRUYTER OPEN ,
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PRECISE 3D CARTOGRAPHIC DESIGN USING BING-MAPS RESOURCES, 3D
BLENDER AND THE SPECIALIZED BLENDERGIS-ADDON APPLICATION
Tihomir Dovramadjiev PhD.1
Faculty of Manufacturing Engineering and Technologies, Department Industrial Design – Technical University of Varna, Bulgaria 1
tihomir.dovramadjiev@tu-varna.bg
Abstract: 3D cartographic design is successfully implemented using the modern resources of Bing-Maps, Blender-3D software and the
BlenderGIS-addon application. In addition to the quality of the resulting end-models, the performance of these programs and applications is
highlighted by its free license and open source. In the present study, a 3D model of a part of a geographical area in Varna, Bulgaria was
developed. For the research purposes the geographic area of the Technical University - Varna, comprising a part of the campus is
determined. The finished 3D model contains information with the exact positions and names of the selected objects.
Keywords: 3D, GIS, BING, BLENDER, BLENDERGIS-ADDON

1. Introduction
Obtaining quality 3D cartographic models requires the
availability of appropriate resources of a different nature. Even if an
appropriate methodology, including up-to-date technical and
information tools and data, is developed, it is important to keep in
mind that keeping up-to-date is of great significance in maintaining
a system, including the emergence of new versions of operating
systems, especially their interaction. Often, this is accompanied by
the passage of a system from a free to paid version or in other cases,
the abandonment of the product [1]. In turn, the GIS (Geographic
Information System) has its own specific software, hardware, data,
training capabilities for creating, manipulating, storing, analyzing,
and visualizing spatially-defined data [2 - 5].
Fig. 2 Online Bing-Maps in Top View / Ortho

2. Materials and Methods
The Bing-Maps [6], Blender-3D [7] and BlenderGIS-addon [8]
are methodically supported at this stage (November 2017). For the
current study Bing online resources in the Maps section are used
within the Blender 3D open source program. This is possible with
the support of BlenderGIS-addon. Combining these capabilities into
a unified system, the design of 3D cartographic model is fully
possible, with the end result being with very good visual qualities.
Figure 1 shows the working configuration between the three main
components Bing-Maps, Blender–3D and BlenderGIS-addon,
emphasizing that work is done in real time without hierarchy.

The map of the Technical University - Varna, Bulgaria is
determined by manual or coordinate positioning of the map (fig. 3).

Fig. 3 Selecting the area of the Technical University - Varna,
Bulgaria on the map
Once the zone is set, it switches to Satellite Mode (BlenderGISaddon / Basemap / Layer: Satellite). The satellite visualization in
the Blender software of the Technical University - Varna, Bulgaria
is shown in figure 4.
Fig. 1 Interaction between Bing-Maps, Blender-3D and
BlenderGIS – addon
Implementation of the 3D cartographic model takes place in a
Blender software environment. The program is a powerful free
resource that combines a fully-functional and convenient interface
with very good capabilities for high-quality finishing images or
animations [9-17]. After adding BlenderGIS-addon (the addon is
located at: https://github.com/domlysz/BlenderGIS and activated in
Blender software using File-> User Preferences-> Install add-on
from file-> BlenderGis-master.zip ) it is necessary to select the
Cache folder. The BlenderGIS-addon activates Basemap and
Source: Bing; Layer: Map. Directly into the Blender software
interface is included Bing-Maps (fig. 2). In order for visualization to
be possible, Top View should be positioned in Ortho mode.

Fig. 4 Satellite Visualization in Blender Software in the region of
Technical University - Varna, Bulgaria
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The BlenderGIS-addon defines 3D design parameters: Get
OSM/Ways/building, highway, natural, Default Height: 20, Level
height: 3 and Separate objects. In the workspace of Blender threedimensional models corresponding to the real objects are designed
(figure 5 and figure 6).

3. Conclusion
This article details the correct technological pathway for
obtaining this model, focusing on the methodological features that
contribute to the right design process. The resulting automated
design result saves technological time to conventional threedimensional design according to predefined drawings and
parameters. The obtained result is distinguished by the high
accuracy of the 3-D model and the detailed accompanying
information received in real time..
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Fig. 5 The designed 3D model of the region of the Technical
University - Varna, Bulgaria and the surrounding sites

Fig. 6 Exact selection of the Faculty of Mechanical Engineering
of the Technical University - Varna, Bulgaria (the selected 3D
model and the corresponding name obtained directly online are
marked in green)
In figure 7 is shown in isometric view the finished threedimensional model of a field of Technical University - Varna,
Bulgaria and the surrounding objects from the selected zone.

Fig. 7 Isometric view of the finished three-dimensional model
of the region of the Technical University - Varna, Bulgaria and the
surrounding objects of the selected area
Result: A three-dimensional model of the area including the
area of the Technical University - Varna, Bulgaria and surrounding
sites is developed through the accessible resources of Bing-Maps,
Blender-3D and BlenderGIS-addon.
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THE INVESTIGATION OF THE NANORELIEFS OF OPTICAL ELEMENTS
OF MEASURING INSTRUMENTS, WHICH MODIFIED BY ELECTRONBEAM MICROPROCESSING
ДОСЛІДЖЕННЯ МОДИФІКОВАНИХ ЕЛЕКТРОННО-ПРОМЕНЕВОЮ МІКРООБРОБКОЮ
НАНОРЕЛЬЄФІВ ОПТИЧНИХ ЕЛЕМЕНТІВ ВИМІРЮВАЛЬНИХ ПРИЛАДІВ
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Abstract: The results of microprocessing by the ribbon-shaped electron beam of the elements of optical measuring
instruments (the material of such elements - K8 glass) with the initial nanorelief of surfaces 15-22 nm after industrial
grinding and polishing are presented. Based on the results of studies using a computerized complex control system based on
an atomic force microscope, it was established that after electron-beam microprocessing, the nanorelief of optical elements
of measuring instruments decreased to 1.5-2.2 nm, satisfying to the requirements put forward to their surfaces.
KEYWORDS: ELECTRON-BEAM MICROPROCESSING, OPTICAL GLASS, COMPLEX CONTROL,
COMPUTERIZED SYSTEM, ATOMIC-FORCE MICROSCOPY

control of the process of electron-beam processing of
optical glass and optical ceramics by melting the surface to
a depth of up to 200 μm. The authors [4-6] confirmed the
efficiency of the use of a ribbon-based electron beam for
surface treatment of both optical and technical glass.
At the same time, the question of the qualitative
changes in the nanorelief and the defective layer of the
optical glass of the silicate group from the action of the lowenergy electron beam (E ≤ 6 keV) has not been studied
sufficiently and the relationship between these changes and
the parameters of electron-beam microprocessing.
The aim of this work is to determine the changes in
nanorelief of the surface of elements from optical glass
under the influence of a low-energy electron beam and to
establish the relationship between the size of the modified
nanorelief and the parameters of electron-beam
microprocessing.

1. Introduction
For the manufacture of optical elements of measuring
devices and the formation of their microprofile of the
necessary size and shape on them, over the last decades all
known materials of amorphous, crystalline, polycrystalline
structure have been tested, and for their processing various
methods were used, including: industrial deep grinding and
polishing methods, grinding and polishing, and the etc.
As research has shown, modern ukrainian optical
production is not guaranteed to receive surfaces on an
optical glass that would satisfy the requirements imposed on
such optical elements. Herewith, the nanorelief in
industrially manufactured products exceeds the value of 5
nm, which limits their further use as precision optical
elements of optical measuring systems.
At the same time, the impact on the surface of the
optical material of abrasive, washing and pickling solutions
in the grinding and polishing stages inevitably leads to the
formation of chemically heterogeneous defect and fractured
layers, the total depth of which can exceed tenths of
micrometers. This, in many cases, limits the use of
electronic lithography and photolithography technologies.
The problem of compliance withthe necessary level of
nanorelief of the surface layer of optical materials in the
manufacture of elements of a new generation, increasing the
productivity of their manufacture is one of the most relevant
in the technology and technology of processing optical
materials.
One of the ways to overcome this problem is to attract
new tools for the energy microprocessing of optical
surfaces, including concentrated electron fluxes.
The efficiency of processing optical glass by a ribbonbased electron beam was first shown in the works V.M.
Lisochenka 1.
In papers [2, 3], is shown the possibility of flexible

2. Experimental method
Objects that are treated with an electron beam: planeparallel round plates (diameter 20 mm, thickness 2, 4, 6
mm) from glass of optical colorless grade K8 (GOST 351476) with silver metal coatings applied to their surface. Such
objects are widely used in measuring devices as
optoelectronic sensors (pressure, capacitance, density of
medium, etc.).).
The study of processing objects was carried out using
a computerized system of complex control, manufactured
on the basis of an atomic force microscope (AFM) “NT206V” (the manufacturer of “Microtestmashines”, Gomel,
Belarus). For visualization of the object of investigation at a
magnification of 100 times, used optical chamber
"Logitech", whose viewing field is 1×0,75 mm2.
The schemes for determining the surface nanorelief
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using a computerized integrated control system for noncontact (a) and contact (b) AFM schemes are shown in
Fig.1.

cantilever" system occurs in manual mode using the longfocusing camera "Logitech" built into the AFM device with
a 150-fold increase in the image on the PC display. As can
be seen from Fig. 2, the correct positioning of the cantilever,
which provides the most complete and accurate information
retrieval by the sensitive AFM system on the topology of
the surface, is achieved by focusing the laser of the photo
detecting device on the upper edge of the cantilever.
The scanning process is completed automatically, after
which the computer monitor received a surface image. For
processing and analysis of data from the microrelief, the
programm Surface v.6.2 was used, which provides such
types of information: three-dimensional visualization of the
surface; surface profiling in the required section;
distribution of surface heights; angular histogram.
The average time to prepare for work and scan one
sample is 10 ... 12 minutes.
The use of the atomic force microscopy method, it was
possible to investigate the surface modified by the electron
beam and the surface layer of the K8 glass product (Fig. 2).

a

В
b
Fig. 1. Obtained surface profiles for noncontact (a) and
contact (b) operation schemes of a computerized integrated
control system based on the atomic force microscopy
method

а

The sensitive element of the microscope is the
cantilever, the deflection of which, when in contact with the
surface, is determined by means of a laser beam. The
positioning of the surface to be measured under the
cantilever is carried out by means of high-precision stepping
motors (in the X-Y plane with a pitch of 2.5 μm, along the Z
axis with a step of 200 nm).
The profile of the surface to be examined is
determined by scanning the cantilever in the X-Y plane in a
13 × 13 μm section using a piezoceramic scanner in steps of
up to 1 nm. The displacement of the cantilever along the
vertical axis is carried out by a piezotube with a pitch of
0.02 nm in the range 3 μm. The image of the microrelief of
the optical surface was obtained by applying the following
operating modes of the AFM: static (contact), Fig. 1a, and
dynamic (noncontact), Fig. 1 b..
In dynamic mode, the cantilever is superimposed on
the vertical axis with a frequency of 10 Hz to 400 kHz. The
main advantages of this mode are the significantly increased
sensitivity of the measuring system (it is theoretically
possible to achieve an atomic resolution of the device) and
to ensure the mechanical integrity of the probe and sample.
The positioning of the cantilever above the surface of
the optical glass and the further settings of the "laser beam-

b
Fig. 2. Appearance (a) and nanorelief along the AB (b) line
of the surface area (1212 μm) of the fragment of the plate
of the optoelectronic capacitance sensor from K8 glass with
a metallic thin silver film fused in its surface by an electron
beam (film thickness 350 nm).

3. Results and discussion
The results of the investigation and comparison of the
nanorelief of the element surface from the optical glass K8
after machining, laser and electron beam microprocessing
with applying a modern computerized complex control
system for nanometric studies have shown the promise of
this method in metrology, in integral optics at the
manufacture and use as elements of measuring devices of
micro- and nano-optical elements 7.
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According to the profiles shown in Fig. 3, it can be
concluded that both after mechanical (deep grindingpolishing) (profile 1, Fig.3.a) and after laser
microprocessing (profile 3, Fig.3.b), the surface of the plate
from optical glass has a characteristic nanorelief, which is
much higher than the allowable value of the arithmetic
average of the nanoscale, which is 5 nm.
This indicates the inability to use these methods of
surface microprocessing in the manufacture of optical

elements of measuring systems of modern instrumentation.
At the same time, the nanorelief of the surface
obtained after electron-beam microprocessing (profile 2,
Fig. 3a, b) indicates high accuracy and uniformity of the
surface created, and the use of this method allows obtaining
high-quality surfaces with guaranteed levels of purity and
microroughness, whose value does not exceed 5 nm.

a

a

b
Fig. 3. The characteristic nanorelief of the surface of optical elements from K8 glass after mechanical
(1), electron beam (2), and laser (3) processing. NT-206V
the advanced technology; -- -- -- the maximum
permissible values of the nanorelief on surfaces for
optical elements
Further studies of the nanorelief of the surface of
elements (on the example of circular plates with a
diameter of 20 mm and a thickness of 2 mm, optical glass
K8) made it possible to establish the dependence of the
arithmetic average roughness Ra on the specific power of
the electron beam Рпит (а) and on the speed of the
electron beam Vпот (б), Fig.4.
As can be seen from the dependences shown in Fig.
4 (a) and (b), according to the technological regimes
described in Refs. [8 and 9], an increase in the specific
power of the electron beam at 300 W/cm2 for electron
flow velocities of the order of 1 cm/s sec to 750 W/cm2
for electron flow velocities of 8 cm/s leads to a decrease
in the arithmetic average of the surface roughness below
the permissible value of 5 nm. Herewith, according to the
technological regimes obtained for improved technology
for electron flow rates of 1-8 cm/s, the average arithmetic
nanovelities for the entire range of specific power (1001000 W/cm2) is 2.2-1.5 nm.

а

b
Fig. 4. Dependence of the average arithmetic roughness
of the nanorelief Ra on the specific power of the electron
beam Рпит (а) and the speed of electron-beam
micromachining Vпот (б): ○ – by the works [8, 9]; ● – by
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4. Conclusion
In the process of performing scientific research,
changes in the nanorelief of the surface of optical
elements from glass for measuring system devices from
the action of low energy electron flux have been
determined, and the relationship between the size of the
modified nanorelief and the parameters of electron-beam
microprocessing.
It is established that as a result of electron-beam
microprocessing the nanorelief of the surfaces of
products from optical glass K8 decreases from 4-9 nm to
1.5-2.2 nm. Это достигается путем управлением
скоростью и удельной мощностью электронного
потока.
The obtained surfaces of optical elements made of
K8 glass with a nanorelief of 1.5-2.2 nm satisfy the
requirements imposed by modern production of
metrological measuring means for such optical elements.
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EXERGY EFFICIENCY AND EXERGY DESTRUCTION CHANGE OF LOW POWER
STEAM TURBINE WITH ONE CURTIS STAGE DURING THE VARIATION IN
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Abstract: In this paper is presented an exergy analysis of low power steam turbine with one Curtis stage which drives the main feed water
pump (MFPT) in the conventional LNG carrier steam propulsion system. It was obtained an insight into the exergy efficiency and the exergy
destruction change during the variation in turbine developed power. Measurements of necessary steam operating parameters were
performed in seven different turbine operating points. Increase in turbine developed power from 50 kW up to maximum power of 570 kW
causes a continuous increase in turbine exergy efficiency and highest exergy efficiency was obtained at the maximum turbine power. Turbine
exergy destruction is influenced by steam operating parameters, steam mass flow and turbine current power. MFPT is balanced as the most
of the other steam system components – maximum exergy efficiency will be obtained at the highest turbine (steam propulsion system) load on
which can be expected the majority of LNG carrier operation.
Keywords: EXERGY EFFICIENCY, EXERGY DESTRUCTION, POWER VARIATION, LOW POWER STEAM TURBINE, CURTIS STAGE

1. Introduction

2. MFPT exergy analysis and description of the
turbine power variation

Today, the dominant propulsion systems on LNG carriers are
steam propulsion systems [1]. Each steam propulsion system
consists of many components, necessary for safe and reliable
operation [2]. In the most of steam propulsion systems, main high
pressure feed water pump (MFP) is traditionally driven by the low
power steam turbine. In this paper was analyzed main feed water
pump steam turbine (MFPT) from the aspect of exergy efficiency
and exergy power losses (exergy destruction) during the variation in
turbine developed power. Measurements of MFPT steam operating
parameters, necessary for turbine exergy analysis, were performed
on conventional LNG carrier during exploitation for seven different
loads. Main characteristics of the LNG carrier in whose steam
propulsion system is mounted analyzed MFPT are presented in
Table 1.

2.1. Basic equations for exergy analysis
Second law of thermodynamics defines exergy analysis [6]. The
main exergy balance equation for a standard volume in steady state
is [7,8]:
 OUT   OUT   m
 IN  IN  E ex, D
X heat  P   m

(1)

where the net exergy transfer by heat ( X heat ) at the temperature T
is equal to [9]:
T
X heat   (1  0 )  Q
T

(2)

Specific exergy was defined according to [10,11] by an equation:

Table 1. Main characteristics of the LNG carrier
Dead weight tonnage
84,812 DWT
Overall length
288 m
Max breadth
44 m
Design draft
9.3 m
Steam generators
2 x Mitsubishi MB-4E-KS
Mitsubishi MS40-2
Propulsion turbine
(max. power 29420 kW)
Shinko DMG 125-3 (max.
MFPT
power 570 kW)

  (h  h0 )  T0  (s  s0 )

(3)

The total exergy of a flow for every fluid stream can be
calculated according to [12]:
E ex  m   m  (h  h0 )  T0  ( s  s0 )

(4)

Exergy efficiency is also called second law efficiency or
effectiveness [13]. It can be defined as:

 ex 

MFPT is a low power steam turbine, which consists of a single
Curtis stage. Steam turbines with Curtis and other stages along with
their analysis can be found in [3]. Many details of the classic and
specific designs of marine steam turbines can be found in [4] and
[5]. The main goal of the MFPT exergy analysis was to present
change in steam turbine exergy efficiency and exergy destruction
during the change in turbine developed power. At each operating
point was varied turbine developed power from the lowest value of
50 kW up to the maximum power of 570 kW in steps of 20 kW.
During the power variation was calculated turbine exergy efficiency
and exergy destruction. The results of the analysis were presented
for two turbine operating points, but presented conclusions are valid
also for the entire steam turbine operating range. At each operating
point steam turbine developed power variation allows detecting
optimal turbine loads with the highest exergy efficiency. It was
compared turbine exergy efficiency and exergy destruction from the
real exploitation with achieved optimal ones.

Exergy output
Exergy input

(5)

2.2. Exergy efficiency and exergy destruction of MFPT
Main feed water pump steam turbine (MFPT) is directly
connected to the main feed water pump (MFP), Fig. 1. The main
feed water pump is used in steam system for increasing the water
pressure and returning it back to the steam generators. MFPT
consists of a single Curtis stage, while the whole unit (steam turbine
and pump) has the following characteristics [14]:
- Pump maximum capacity: 175 m3/h
- Pump delivery height: 818 m
- Steam turbine maximum power: 570 kW
Fig. 1 presented all important steam turbine and pump parameters
necessary for exergy analysis. Those parameters, related to turbine,
are steam mass flow through the turbine ( m MFP ), steam specific
enthalpies and steam specific entropies at the turbine inlet and
outlet. Calculation of MFPT developed power requires pump water
volume flow ( VMFP ) in each observed turbine operating point, which
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is one of the measured operating parameters during the steam
system operation.

Fig. 2. Turbine real (polytropic) and ideal (isentropic) steam
expansion

Fig. 1. Main operating parameters at the MFPT and the main feed
water pump inlet and outlet

The ambient state in the LNG carrier engine room during
measurements was:
- pressure: p0 = 0.1 MPa = 1 bar,
- temperature: T0 = 25 °C = 298.15 K.

Developed power of MFPT was calculated from the pump water
volume flow ( VMFP ) by using third degree polynomial (6),
according to producer specifications [14]. Main feed water pump
water volume flow in relation to the MFPT developed power was
calculated for medium water density ρfw = 937.48 kg/m3 at a water
temperature of Tfw = 127 °C, according to producer
recommendations. MFPT developed power was calculated as:
3
2
PMFPT  1.78582 10 5 V MFP
 3.08892 10 3 V MFP


 2.002 V

Steam turbine exergy analysis is based on real (polytropic) steam
expansion through the turbine. Based on marked turbine input and
output steam flow streams, Fig. 1, MFPT exergy destruction
(exergy power loss) was calculated according to [16] by using an
equation:

(6)

189.48

E MFPT,ex, D  m MFP  1  m MFP   2  PMFPT 

MFP

 m MFP  (1   2 )  PMFPT  E ex,1  E ex,2  PMFPT

where PMFPT was obtained in (kW) when VMFP in (m /h) was
placed in the equation (6).
3

Specific exergies at the MFPT inlet and outlet was calculated
according to equation (3) by using calculated steam specific
enthalpies and steam specific entropies at the turbine inlet and
outlet.
The exergy efficiency of the MFPT was calculated according to
[16] by the following equation:

Steam mass flow through MFPT was calculated from the turbine
produced power PMFPT. Approximation was made according to
producer specifications [14], by using third degree polynomial:
3
2
m MFP  3  10 5  PMFPT
 3.1326  10 2  PMFPT


4.396794  PMFPT  2386.60

(7)

 MFPT,ex 

where m
 MFP was obtained in (kg/h) when PMFPT in (kW) was
placed in the equation (7).

PM FPT
m M FP

(11)

MFPT developed power can be calculated, according to Fig. 2,
by an equation:
(8)

 MFP  (h1  h2 )
PMFPT  m

According to Fig. 1 and Fig. 2, h1 is steam specific enthalpy at
the turbine inlet and h2 is steam specific enthalpy at the turbine
outlet after real (polytropic) expansion. Steam specific enthalpy at
the turbine inlet (h1) as well as steam specific entropy at the turbine
inlet (s1) was calculated from measured steam pressure and
temperature at the turbine inlet. Steam specific enthalpy at the
turbine outlet (h2) was calculated from the MFPT developed power
PMFPT in (kW) and from steam mass flow through the turbine m MFP
in (kg/s) according to [9] by an equation:
h 2  h 1

PMFPT
PMFPT

E ex,1  E ex,2 m MFP  [h1  h2  T0  ( s1  s2 )]

2.3. The MFPT power variation description

The mass balance for the MFPT inlet and outlet is:
m M FP,1  m M FP,2  m M FP

(10)

(12)

Three different methods can be used for the MFPT power
change. The main assumption, valid at any steam turbine operating
point is always the same steam inlet pressure and temperature and
the same steam outlet pressure. MFPT power change methods are:
1) Change in steam mass flow through the MFPT
2) Change in the value of steam specific enthalpy at the steam
turbine outlet (h2)
3) Combination of method 1 and 2
To present the change of MFPT exergy efficiency and exergy
destruction in this paper is selected combined method (method 3)
for each operating point.
Turbine developed power was varied from 50 kW up to a
maximum of 570 kW in steps of 20 kW. Power change requires a
change in steam mass flow through the turbine, so the adequate
steam mass flow for any turbine power was calculated by using the
equation (7). At each operating point, steam pressure and
temperature at the turbine inlet and steam pressure at the turbine
outlet remain identical to the measured data. Steam specific
enthalpy at the turbine outlet (h2) was calculated for each turbine
power and steam mass flow by using equation (9). Steam specific
entropy at the turbine outlet (s2) was calculated for each turbine
power and steam mass flow by using steam specific enthalpy at the

(9)

The steam specific entropy at the turbine outlet (s2) was
calculated from steam specific enthalpy at the turbine outlet (h2) and
measured steam pressure at the turbine outlet (p2).
Steam specific enthalpy at the turbine inlet (h1) and both steam
specific entropies (at the turbine inlet s1 and outlet s2) were
calculated by using NIST REFPROP 8.0 software [15].
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turbine outlet (h2) and measured steam pressure at the turbine outlet
(p2). Change in steam specific enthalpy at the turbine outlet (h2),
change in steam specific entropy at the turbine outlet (s2) along with
the change of steam mass flow and turbine developed power causes
the change of MFPT exergy efficiency and exergy destruction
which are calculated by using equations (10) and (11) in each
operating point, for each described operating parameters change.

3. MFPT measurement results
Measurement results of required operating parameters at MFPT
inlet and outlet along with water volume flow at the main feed
water pump inlet are presented in Table 2. Operating points in Table
2 present LNG carrier steam system load (1 is the lowest system
load, 7 is the highest system load). MFPT load is directly
proportional to steam system load, higher steam system load
denotes a higher MFPT load and vice versa. Measurement results
were obtained from the existing measuring equipment mounted on
the MFPT inlet and outlet and on the main feed water pump inlet.

Fig. 3. Exergy efficiency change during steam turbine power
variation for operating point 1
Fig. 4 presents the change in MFPT exergy destruction during the
turbine power variation in operating point 1. At the lowest turbine
power of 50 kW, exergy destruction amounts 239.81 kW. Between
turbine power of 50 kW and 190 kW, exergy destruction decreases.
At the turbine developed power of 190 kW was obtained the lowest
exergy destruction in this operating point which amounts 203.49
kW. In the MFPT power range from 190 kW up to 510 kW exergy
destruction increases. The highest exergy destruction for operating
point 1 amount 260.66 kW and was obtained at turbine developed
power of 510 kW. Between turbine power of 510 kW and 570 kW,
exergy destruction decreases again.
During LNG carrier exploitation in operating point 1, the MFPT
exergy destruction amounts 224.24 kW, while at turbine maximum
exergy efficiency in this operating point (at the highest turbine
developed power of 570 kW) turbine exergy destruction amounts
250.87 kW.

Table 2. MFPT and main feed water pump measurement results in
various operation regimes
Operating
point

Steam
pressure at
the MFPT
inlet (MPa)

Steam
temperature
at the
MFPT inlet
(°C)

Steam
pressure at
the MFPT
outlet (MPa)

MFP
water
volume
flow
(m3/h)

1
2
3
4
5
6
7

5.980
6.074
6.078
6.020
6.010
5.874
5.900

497
502
511
513
512
510
500

0.272
0.266
0.237
0.239
0.256
0.235
0.246

69.71
76.64
87.29
94.22
100.52
106.01
118.26

4. Exergy efficiency and exergy destruction change
during MFPT power variation
Change in MFPT exergy efficiency and exergy destruction during
the turbine developed power variation was presented in two
operating points from Table 2 – operating points 1 and 4. Obtained
conclusions and recommendations are also valid for the entire
MFPT operating range. In every turbine operating point developed
power was varied from 50 kW up to a maximum turbine power of
570 kW in steps of 20 kW.
Fig. 4. Exergy destruction change during steam turbine power
variation for operating point 1

4.1. MFPT power variation for operating point 1
MFPT exergy efficiency change in operating point 1 (Table 2),
during the developed power variation is shown in Fig. 3. An
increase in turbine developed power causes an increase in steam
mass flow through the turbine. An increase in turbine developed
power and mass flow causes a change of steam specific enthalpy at
the turbine outlet (h2) and also a change of steam specific entropy at
the turbine outlet (s2).
In operating point 1, turbine exergy efficiency continuously
increases during the increase in turbine developed power because
the intensity of increase in turbine developed power is higher in
comparison with an increase in steam mass flow through the
turbine.
At the lowest observed turbine power of 50 kW at this operating
point, exergy efficiency amounts only 17.25 %, while maximum
turbine exergy efficiency is obtained at the highest turbine
developed power of 570 kW and amounts 69.44 %.
MFPT load is directly proportional to ship steam system load. In
operating point 1, MFPT exergy efficiency during LNG carrier
exploitation amounts 58.80 % what is 10.64 % lower than possible
maximum exergy efficiency obtained for this operating point.
Change in MFPT exergy efficiency for operating point 1 shows
that the turbine is balanced as the most of the other steam system
components – maximum exergy efficiency will be obtained at the
highest load on which can be expected the majority of LNG carrier
operation.

4.2. MFPT power variation for operating point 4
MFPT exergy efficiency change in operating point 4 (Table 2),
during the developed power variation is presented in Fig. 5.
In operating point 4, turbine maximum exergy efficiency is
obtained as before at the highest turbine developed power and
amounts 66.84 %. During LNG carrier exploitation in operating
point 4, turbine exergy efficiency amounts 58.56 % what is 8.28 %
lower than the maximum obtained one.

Fig. 5. Exergy efficiency change during steam turbine power
variation for operating point 4
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Fig. 6 presents the change in MFPT exergy destruction during the
turbine power variation in operating point 4. At the lowest turbine
power of 50 kW, exergy destruction amounts 252.37 kW. Between
MFPT developed power of 50 kW and 170 kW, exergy destruction
decreases and at the 170 kW was obtained the lowest exergy
destruction in this operating point which amounts 218.57 kW. In the
MFPT power range from 170 kW up to 510 kW exergy destruction
increases and the highest exergy destruction was obtained at turbine
power of 510 kW and amount 290.56 kW. Between turbine power
of 510 kW and 570 kW, exergy destruction decreases again.
During LNG carrier exploitation in operating point 4, the MFPT
exergy destruction amounts 258.95 kW, while at turbine maximum
exergy efficiency (at the highest turbine developed power) turbine
exergy destruction amounts 282.79 kW.
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Fig. 6. Exergy destruction change during steam turbine power
variation for operating point 4

5. Conclusions
The paper presents numerical analysis of MFPT exergy
efficiency and exergy destruction change during the variation in
turbine developed power.
Increase in turbine developed power from 50 kW up to 570 kW in
steps of 20 kW causes a continuous increase in turbine exergy
efficiency from the lowest to the highest obtained values.
The lowest MFPT exergy destruction was obtained between
turbine developed power of 170 kW and 190 kW, while the highest
exergy destruction was obtained for turbine developed power of 510
kW in each observed operating point. The MFPT exergy destruction
is not proportional to turbine exergy efficiency, or to LNG carrier
steam system load.
Analysis showed that MFPT was designed to operate at
maximum exergy efficiency (obtained at turbine maximum load), as
the most of the other steam propulsion system components.
NOMENCLATURE
Abbreviations:
LNG
Liquefied Natural Gas
MFP
Main feed water pump
MFPT
Main feed water pump
turbine
Latin Symbols:
E
stream flow power, kJ/s

h
m
p
P
Q

s
X heat

specific enthalpy, kJ/kg
mass flow, kg/s or kg/h
pressure, MPa
power, kJ/s
heat transfer, kJ/s
specific entropy, kJ/kg·K
heat exergy transfer, kJ/s

T
V

temperature, °C or K
volume flow, m3/h

Greek symbols:



specific exergy, kJ/kg




efficiency, -

fw

feed water

density, kg/m3
Subscripts:
0
ambient state
D
destruction
ex
exergy
IN
inlet
OUT
outlet
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Annotation. This article introduces new technical means for cultivating the soil in the inter-row of the gardens. Different versions of soil
maintenance systems are considered and, based on the conducted studies, a basic chisel plow machine and a set of additional equipment are
proposed. The set of additional equipment includes a roller for leveling the surface of the treated soil, a device for applying mineral fertilizers
and herbicides, and an apparatus for treating the subcutaneous zone of fruit trees. On the basis of the proposed equipment, a possible system
tillage in the gardens.
KEYWORDS: SOIL TREATMENT, SOIL CONTENT SYSTEM, ADDITIONAL EQUIPMENT, WORKING BODIES.
technical means, and thickening in a series improves conditions of
growth, increases their resistance to adverse conditions and
positively affects yields.

1. Introduction
The technological process of soil cultivation in gardens
represents a set of targeted impacts on a biological object or a
treated medium (soil, fruit plantations) by the working bodies of the
machine to provide the necessary quality indicators. Most processes
are accompanied by simultaneous execution of several
technological operations, of which one or two are the main ones,
and the rest are concomitant.
To ensure fruiting plants in the garden you need to create
favorable conditions in the soil for an active and long-term growth
of the root system, which fills a need trees for moisture and
nutrients. For this purpose, deep chiseling is periodically carried out
in the rows of the garden, and in the row there is a superficial
loosening.

3. Purpose and methods of research
The aisles are free passages for the machines in the series
of crowns of trees are closed. In young orchards due to poor
treetops working body of tillage machines can freely approach the
shtamb. As the growth of trees and increase the diameter of crown
untreated area increases.
However, many well-known soil tillage machines in
orchards are unable to provide passage under the crowns without
damaging the lower skeletal branches. So, in the design of the
UNLM-3.5 machine developed in Bulgaria, designed for cultivation
with simultaneous treatment of the soil in the aisle and in two rows
of garden, there is no adjustment of the depth of the extreme
working organs, functioning in close proximity to trees. Such
adjustment is necessary for setting a shallower depth to the edge
working elements that form the boundary of the protective zone
around the shtamb, in order to avoid damage to the root system of
trees.
A similar adjustment is envisaged in the design of a
garden chisel plow developed with [3, 4, 5, 6] with a differentially
varying depth of tillage, the extreme working elements of which
perform a deep loosening (10-15-22 cm), and the middle (deep)
plow is deep chiseling up to 45 cm). In this case, the lower furrow
generatrix after zigzagging, passes the location of the root system of
trees along the depth of the bed (Fig. 1).

Depending on the depth of the working bodies and the
technological operations performed, the surface (up to 8 cm),
shallow (8-16 cm) and deep (more than 25 cm) processing soil. At
the same time, rotational working elements have some advantages
over passive loosening qualities of the formation, creating better
conditions for the activity of soil microorganisms. Therefore,
rotational working organs are not opposed to passive. Chopping soil
lumps, completely destroying rhizome weeds, rotational working
organs only create favorable conditions for the use of passive [1, 2].

2. The problem of discussion
The system of soil content in the gardens should ensure a
constant replenishment of the stocks of organic substances in the
soil, improve its structure and physical and mechanical properties,
protect against erosion, weed vegetation, as well as pests and
pathogens of diseases of fruit crops.
The system of soil content in the gardens is selected and
adjusted taking into account the soil and climatic conditions of the
region and the biological characteristics of the fruit crops. In the
orchards of the arid regions of southern Russia, the main soil
content system provides for systematic loosening throughout the
vegetation period (black steam), as fruit crops are poorly supplied
with moisture.
The soil content in the gardens under the black steam
provides favorable conditions for the development of fruit
plantations, promotes the retention of moisture within the
formation, improves the air, nutritious and temperature regimes. It
is known that in the meter layer of the soil layer, contained under
black steam, the moisture content is greater than when it is retained
[1, 2].
When processing the soil in the garden, it is necessary to
take into account the properties and characteristics of the treated
medium. As a treated environment in the garden is the soil and fruit
plantations. It should be taken into account when designing the
machine that in young and fruit-bearing gardens the width of the
rows between 6 and 8 m, and the distance between trees in the row
is from 2.5 to 6 m. The following tree planting schemes are adopted
in gardens: 8x8, 8x6, 8x4, 7x7, 4x4, 4x3, 5x2.5 m, etc. Wide rows
provide good illumination of fruit cultures and allow the use of

Figure 1 – Garden chisel plow
Depth of stroke of the working organs of the garden chisel
plow is established in accordance with the architectonics of the
location of the root system of trees, depending on the distance from
the shtamb.
To reduce the untreated area of tillage machines must
have a roaming working body in the horizontal plane. In this case,
the sections must have a limited height to ensure passage under the
crowns without damaging the lower skeletal branches. For this
purpose [7] a garden harrow for surface tillage consisting of a rotor
was developed, on the cylindrical surface of which there are direct
needles with a conical sharpening (Fig. 2).
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Figure 2 – Garden Harrow
The harrow is rotated as a result of the passive interaction
of the needle with the formation in the forward motion of the tiller
under the traction force of the tractor. To loosen the soil in the aisle
and two rows simultaneously, the garden chisel plow (Figure 1) is
equipped with additional harrow sections (Figure 2).
During operation the needles roll along the ground in a
row of trees, recessed 8-10 cm, thereby loosening the process is
carried out. Interaction with the needle root of the tree is performed
tangentially, thereby avoiding damage.
Harrow by trapezoidal mechanism moving with
reasonable parameters [8, 9, 10], controlled hydraulic system, is
withdrawn from the row of trees. Entering the rotor in a row of trees
is carried out under the action of the moment from the forces of soil
resistance. This property of the trapezoidal mechanism [11, 12]
allows to reduce energy costs, since in this case, the forced (by
hydraulic system) input and hold in the row of the working member
is not required.
The garden chisel plow can be equipped with a roller for
additional loosening and grinding of large clods of soil with
simultaneous leveling of the surface (Figure 3).
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In southern regions of Russia, developed soil cultivation
machines in orchards were tested and showed good results. There is
a decrease in the untreated area near the shtamb, a decrease in fuel
consumption. The high economic benefit from the use of developed
machines.
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Figure 3 – Garden chisel plow with roller
In the design of the garden chisel plow, it is possible to
implement the technological process of intrasoil application of
fertilizers. For this purpose, the equipment for the maintenance and
distribution of fertilizers or herbicides is directly placed on the
frame of the garden chisel plow at the level of the root system of
trees [13].

4. Results of the study
Table 1 gives an example of the use of the developed
machines in the soil cultivation system in the gardens of the
southern regions of Russia.
Table 1 – Soil cultivation system in the gardens of the southern
regions of Russia
Name
Developed
technological
Timeline
machines
impacts
Superficial
March (III
processing betweenGarden Harrow
decade)
rows
Depth
Garden chisel
April
loosening betweenplow with
(III decade)
series with
equipment
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Abstract: In this paper a model for optimal hydro-thermal coordination of a power system is proposed when contracts for power import
and export power are available. The power flows outside the localized area of the local power system are divided into planned and planned
quantities in order to assign different penalties for them in the cost criterion. The model also introduces the work of thermal and hydro
power plants by separating each unit with a linear approximation. The resulting model is a mixed-integer linear programming problem. .
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economic dispatch problem. When to these conditions add up also
the occurrence of probable contingency, the OPF is a "securityconstrained optimal power flow (SCOPF)"[9-11]. While risk is
included in the cost criterion its value will be even bigger that the
one obtained from a OPF optimal solution. That is because the
values of power injections assuring the "N-1" criterion are
evaluated.

1. Introduction
The general formulation of the Unit Commitment (UC) problem
requires the power generating mix units determination for each
single interval in the planning horizon[1-2]. It is the process where
the working power generating units are defined (Power Plants PPs) as well as those providing a reserve required to satisfy the
demand (i.e. the sum of load and losses) taking account of
constraints there included network transmission capacity. The actual
generating levels for each unit is a subject to the economic dispatch
ED problem[3]. Generating units are also considered as base and
peak (depending on their capabilities) according to their capabilities
to rapidly change their output power levels according the demand
fluctuations[2]. In an electric power system (EPS) the set of power
generation plants generally includes hydropower (HPP), pump
hydropower (PHPP), nuclear and thermal power plants, the latter
two are considered base PPs. The general role of a base PP into
active power balance is to cover the base load while peak PPs are
HPPs. In the current model, the network transmission capacity is
limited not to the its physical capacity but to distinct hourly
limitations to the PPs production and the system import and/or
export. As such assumptions the model proposed is not intended to
address a trivial optimal power flow (OPF) problem (where power
flows are optimized [2]) but to be used as a benchmark for
modeling a contract power exchange of an EPS with surrounding
EPS.

2. Nomenclature
The imported and exported electrical power can be divided into
two categories according the contracts that is planned (contracted)
and unplanned (resulting as unwanted power deviations in the
localized EPS due to frequency control actions). In order to achieve
a better distinction between different events, the unwanted power is
further divided into two additional groups modeling both the
undesirable deviation in the local and in the neighboring EPS and
power aiming to alter the unplanned values. So the following
nomenclature may be presented:
PimpC,j - planned (contracted) import in a unit interval j, as a
forecast or a contracted determined value
PimpL,j - imported power in a unit interval j because there is a
shortage of power in the local EPS
PimpF,j - imported power in a unit interval j because of additional
load necessity in a neighbor ESP, as forecasted values

OPF problems combine the goal of minimal production costs as
the UC and ED with the goal of minimal losses and optimal voltage
levels with regard to the conditions of the transmission network.
From the first publications of Carpentier in 1962 [5,6] to present
days, the formulations and the methods for solving problems of this
group are become more and more complicated but refined[4,7].
Meanwhile, the other two groups, those of UC and ED are being
developed too with the addition of contemporary optimization [8]
goals for emission costs, optimal load limitation [energy demand
management, demand side management] in moment of power
shortage, uncertainty and variability of input data, including the
additional uncertainty of renewable energy resources (RES) power
plants. So the cost function and the constraints in the three groups
of optimization problems for active power optimization (OPF, UC
and ED) have similar objectives but differ in their content and form,
as well as different applications reflecting mainly the different
points of vu when building the models, i.e. the modeling purpose.
Here we try to combine the three objectives of the three groups of
optimization problems mentioned above at a different degree and
interpretation. OPFs aim to minimize a cost function constrained
from certain conditions: power balance, power plants' physical
production, physical capabilities of the branches in the transmission
network, allowed tolerance for the mode voltages and angles, etc. A
cost function can also minimize production costs or transmission
network losses or monetary losses deriving from undelivered
energy, and also a combination of them. But considering power
flows in any case, the value of the cost function in an OPF problem
will always exceed the value of the same cost function for an

PimpLev,j - imported power in a unit interval j that aims to balance
any unplanned export
cimpC,j - costs for contracted import in a unit interval j
cimpL,j - costs for undesired import in a unit interval j when the
local EPS needs additional generation
cimpF,j - costs for import in a unit interval j when a neighbor EPS
needs load
cimpLev,j - costs for unplanned import in a unit interval j for
balancing any unplanned previous exports
PExpC,j - planned export in a unit interval j as a forecasted value
PExpL,j - unplanned export in a unit interval j caused by a
insufficient generation in a neighbor power system as forecast
PExpF,j - unplanned export in a unit interval j caused by a
necessity of additional load in the local power system
PExpLev,j - unplanned export in a unit interval j for returning all
othe unplanned deliveries
cExpC,j - costs for planned export for a unit interval j
cExpL,j - costs for unplanned export in a unit interval j because
power is requested from outside the local power system
cExpF,j - costs for unplanned export in a unit interval j because
additional load is needed in the local system
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cExpLev,j - costs for unplanned power in a unit interval j to
equalize unplanned import

vmj - a binary variable that is 1 (true) if a pump m is working in
a unit interval j

Pimp,jmax and PExp,jmax - maximal admissible values for bothe
export and import

Vr,j - water volume in reservoir r at the end of a unit interval j
Vrmax and Vrmin - maximal and minimal volumes for a reservoir r

PW,j and PPV,j - generation from wind power plants and solar
power plants in a unit interval j as forecasted values

QF,rj and QC,rj - uncontrollable (free) and controllable water
inflows in a reservoir r in a unit interval j; generally controllable
quantities are associated with processed and unprocessed water
quantities from reservoirs feeding r, while the free inflows are of a
natural origin for example snow melting and rains

cW,j and cPV,j - costs for generation from wind and solar PPr in a
unit interval j
αj and βj - the percentage of renewable power generation form
both RES that is actually delivered to the power system, 1 minus
these αj and βj shows the renewable power rejection in a unit
interval j

RF,rj and RC,rj - uncontrollable (free) and controllable water
outflows from a reservoir r in a unit interval j; uncontrollable
outflow from a reservoir is associated with natural event such as
evaporation while a controllable outflow is a water quantity that is
not fed to a HPP but to another reservoir for different purposes or
for irrigation

The model adopts a linear approximation approach to the work
of all generation units under consideration, but considers separately
the different energy resources (water and fuels).

Lj - system load in a unit interval j as a forecast

CT,ij(PT,ij) - performance of a thermal unit i as a function of its
outpur power

σ - reserve to be assured as a percentage over the system load

PT,ij - output power of thermal unit i in unit interval j

The linear approximation of the thermal plants performance
LT , j

LT

PT,lij, cT,lij - output power and costs growth of a thermal unit i in
a linear approximation interval l ∈ LT; the costs growth represent
the fuel consumption growth multiplied by the cost for the specific
fuel used by a thermal unit i

function is: CT , ij ( PT , ij ) =

LT - number of the linear intervals in the linear approximation of
the performance function of a thermal unit i

interval l of a unit i.

∑

cT , lj PT , lj where PT , j =

∑P

l =1

T , lj

for every

l =1

unit interval j and thermal unit i as 0 ≤ PT , lj ≤ PT , l

max

for every j and

The linear approximations of the performance functions of the

PT,lmin and PT,lmax - minimal and maximal output power levels of
a thermal unit i in a linear approximation interval l ∈ LT

LH

hydro

power

plants

are:

C H , mj ( PH , mj ) =

∑c

H , mlj

and

PH , mlj

l =1

δi - maximal admissible value of output power change of a
thermal unit i

LH

LH

∑

ϕ H , mlj PH , mlj for every
Φ H , mj ( PH , mj ) =

CH,mj(PH,mj) and ΦH,mj(PH,mj) - performance a turbine m as a
function of its output power level and water processing performance
in a function of the same optimization variable

j, where PH , mj =

∑P

H , mlj

l =1

l =1

and the bounds are respected 0 ≤ PH , mlj ≤ PH , ml . The approximations
max

for

PH,mj - output power of a turbine m a unit interval j

the

pumps

are

introduced

in

LP

C P , nj ( PP , nj ) =

PH,mlj - output power of a turbine m in a linear approximation
interval l ∈ LH

∑c

the

same

manner:

LP

P , nlj

∑

PP , nlj and Φ P , nj ( PP , nj ) =
ϕ P , nlj PP , nlj for each j,

l =1

l =1

LP

cH,mlj - costs growth of a turbine m in a linear approximation
interval l ∈ LH ; since the cost of the water is negligible to this of a
thermal power plant, this coefficient here implies costs that are
induced because of a different financial matter;

where PP , nj =

∑P

P , nlj

for each

j and pump n with regard to

l =1

0 ≤ PP , nlj ≤ PP , nl .
max

φH,mlj - growth of the water expenses of a turbine m in a linear
approximation interval l ∈ LH

3. Model formulation
With the introduced performance characteristics of the different
power plants and variables, the cost function represents the total
electricity generation costs:

LH - number ot the intervals in the linear approximation of the
performance finction of a turbine m
PH,lmmax - maximal output power of a turbine m in a linear
approximation interval l ∈ LH

min J =

CP,nj(PP,nj) and ΦP,nj(PP,nj) - costs and processed waters of a
pump n in a function of the active power consumed

∑C

T , ij

( PT , ij ) +

i, j

∑C

H , mj

( PH , mj ) +

m, j

∑C

P , nj

( PP , nj ) +

n, j

+ cW , j PW , j + c PV , j PPV , j + cimpC , j PimpC , j + cimpL , j PimpL , j +

PP,nj - consumed power by a pump n in a unit interval j

+ cimpLev , j PimpLev , j + cimpF , j PimpF , j + c ExpC , j PExpC , j

cP,nlj - growth of costs for a pump n in a linear approximation
interval l ∈ LP , same presumptions as the turbines apply to pumps

+ c ExpL , j PExpL , j + c ExpLev , j PExpLev , j + c ExpF , j PExpF , j

(1)

φP,nlj - growth of water consumption for a pump n in a linear
interval l ∈ LP of the approximation

+

System balance constraint:

Lj

PP,nlj - power consumed by a pump n in a linear approximation
interval l ∈ LP

=

∑P

T , ij

i

+ ∑ PH , mj − ∑ PP , nj + α j PW , j + β j PPV , j +
m

n

+ PimpC , j + PimpL , j + PimpLev , j + PimpF , j −

LP - number of the intervals in the linear approximation of the
work of a pump n
(2)

PP,nlmin and PP,nlmax - minimal and maximal power of a pump n
in a linear approximation interval l ∈ LP

41

− PExpC , j − PExpL , j − PExpLev , j − PExpF , j

Reliability constraint for increased load - the system has to
maintain power balance in the case of an increase in the load
relative to the forecast:

∑(P

T , ij

(3)

) ∑P

+ ∆PT , ij +

i

max

H ,m

opportunity to skip speed constraints in the case when thermal units
are considered separately in an optimization problem and the
duration of an interval is more than 30 minutes. However, the
formulation presented here gives chance to this specifics in the
work of thermal power plants but considers the simplification that

+

both up and down constraints are equal, that is ∆ i = ∆ i . Because
Dn

m

+ PW , j + PPV , j + PimpL , j ≥ σ L j

the model is linear the latter leads to two expressions if δi is
considered the value of maximum allowed charge or discharge of a
thermal power plant:

Constraints ensuring that there is no simultaneous operation in
the pump and generator mode of the reversible units:
(4)

PH , mj − (1 − vnj ) PH , m ≤ 0

(5)

PH , mj ≤ vnj P

The current model can treat every turbine and/or pump in a HPP
as a separate unit with a separate set of variables. Such approach
provides for optimizing a whole power plant respecting the
nomenclature. The structure of the latter constraints implies that all
available units of the HPP composition are capable of working in
reversible mode, so all available pump and generator capacities
need to be aligned in number and composition. That is for each
turbine with a pump mode available there is a variables set vmj. For
each turbine that is not reversible there must be also a set of
variables vmj with zero lower and upper bounds (that is vmj = 0 for
each j). For each pump that is a single accumulation unit but not a
reversible one there is a set of variable vmj. but.(4) will not be
included. With such approach for the binary variables, the model
allows the optimization of the operation of each turbine and pump
individually or all units in a given HPP and / or PSHP. When the
model is written in the proposed matter this poses some redundancy
but most of the optimization software environments deal
appropriately with a such artificial redundancy on the stage of presolving when an analysis of the model structure is performed and
some of the variables and constraints are ignored or fixed. It is also
important to notice that an additional constraint must be applied

Vr , j = Vr , j −1 −

∆Pij

Up
i
Dn
i

∑ Φ (P ) +
Pnj

Pnj

∑R

C , wj

− RFr , j − RCr , j

The latter constraint guarantees that the change in the water
quantity of a given reservoir will exactly correspond to the changes
caused by the hydro power stations operation, the forecasted and
controllable inflows and also the outflows. Often in hydro-thermal
coordination problems a simplification is performed do that the
water head is neglected. The water head influence on to the hydro
plants performance may be conveniently modeled with the
performance characteristics. The water balance constraint also can
be reviewed as an extended formulation of a system constraint
stating the efficiency of the cycle accumulation-generation:

∑P

(7)

H , mj

=η

∑P

P , nj

j

.

j

In the formulation of the water balance constraint the efficiency
coefficient η of the cycle is somehow implicitly included via the
water outgo growth constraints φH and φP. This formulation also
provides for the evaluation of real-time aspects as larger water
quantities in the high moisture periods of the transitional seasons,
decrease in the water inflows during hot days and also the
unprocessed (by the power stations) water volumes that might be
further divided into stochastic (but predictable as evaporation) and
controllable (intentional) release of water for irrigation, other
reservoirs feeding and flood control. Since rainfall and climate
forecast are typically given over periods exceeding the model
period (e.g. 1 hour), this allows uncontrollable water quantities to
be included in the water balance constraints for each interval as a
constant value (average predicted/expected value for an hour):

when

Pij < Pi , j −1 , so

≤ ∆

≤ ∆

Pnj

Γfrom and Πfrom model the set of pumps and turbines that fed to
and are fed from the current reservoir r. Γin and Πin model the sets
of turbines and pumps that feed in and out water from r. Πin are the
controllable outflows for all reservoirs that are connected to r.

Pij > Pi , j −1 and
unit

Pnj

n ∈Πin

w∈Ρin

when increasing the output level, that is when

thermal

Hmj

n ∈Γin

+ QFr , j +

constraint is mainly sensitive to detailed separation of thermal
plants and the duration of the unit interval. These constraints
generally are of the following form:

the

H , mj

m∈Πfrom

i

decreasing

∑ Φ (P ) + ∑ Φ (P ) +

Φ H , mj ( PHmj ) −

∑

+

(7)

unit δi: ∆PT , ij ≤ δ - also named load speed change constraint. This

Dn

i

m∈Γfrom

The base conventional thermal power plants are not flexible
enough and this results in the introduction of an additional
constraint related to the technological limitations for charging and
discharging a thermal unit, that is the maximal allowable growth or
increase of output power level that is possible for a certain thermal

• ∆ i ≤ ∆Pij when

i

Water balance constraint is needed in this problem to properly
model the water stocks feeding the respective power stations for
each reservoir r and time interval j:

max

H ,m

Up

PT , ij − PT , ij −1 ≤ δ and − PT , ij + PT , ij −1 ≤ −δ for each i и j

(6)

max

• ∆Pij ≤ ∆ i

UP

, ∆Pij > 0

∑ Φ (P ) + ∑ Φ (P ) +

Vr , j = Vr , j −1 −

H , mj

Hmj

Pnj

m∈Γfrom

, ∆Pij < 0

(8)

Such nonlinearity may be dealt with the introduction of
additional binary variables sets that will model the sign of the

+

∑

Φ H , mj ( PHmj ) −

m∈Πfrom

+

difference ∆Pij = Pij − Pi , j −1 . According the values of these binary

Pnj

n ∈Πin

∑ Φ (P ) +
Pnj

Pnj

n ∈Γin

(

∑R

− RCr , j + QF , r − RF , r

C , wj

Day

Day

)

j

w∈Ρin

variables the proper bound will be respected. Generally, the norms
for speeding in both directions for thermal plants are given in
percentage of their nominal power that is often 1,5 % for up
direction and 2% in down direction. So if the duration of a unit
interval is 60 minutes a maximal output power level of a unit with a
working range for example between 140 MW and 210 MW (or 230
MW) will be achieved in 20-25 minutes. These fact provide for the

The daily management of the water levels (Vrmin ≤ Vr,j ≤ Vrmаx) is
modeled by fixing the appropriate values for the volumes in the first
and the last period of the optimization horizon.
(10)

∑P

impL , j

j
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+∑P

impF , j

j

=

∑P

ExpLev , j

j

(11)

∑P

ExpL , j

j

+∑P

ExpF , j

j

=

∑P

with separate coefficients in the cost function that may be taken
zero.

impLev , j

j

Table 1: Variables that imply profits and costs in the cost function
Profit
Costs
PExpC
PimpC
PExpL
PExpF
PimpF
PimpL

The latter two constraints state that any unplanned import and
export should be equalized (returned back) in the same optimization
horizon. Generally, unplanned equalization is performed in the day
following the unplanned activities. So in this case, the j indices
must be properly divided.

Two sets of variables are left outside of the contents in Table 1,
that are the equalization flows PimpLev and PExpLev stated with (10)
and (11). The reason for not applying the cost/profit idea to these
two sets is that one of the two variables set in (10) and (11) is in the
profits column and the other is in the costs column of Table 1 so
equalizing flows should be handled separately and this is provided
with separate coefficients in the cost function that may be taken
zero.

Also for every time interval the sum of the import and export
must respect the physical conditions posed by the transmission
network (Pimp,jmax and PExp,jmax):
(12) PimpL , j + PimpF , j + PimpLev , j + PimpC , j ≤ Pimp , j
max

(13) PExpL , j + PExpF , j + PExpLev , j + PExpC , j ≤ PExp , j
max

The model presented here is linear and mixed integer. Input data
with fixed values are: σ, PimpC,j and PExpC,j with respect to the
constraints (10) and (11). Input data with forecasted values are the
load and renewable generation forecats ( Lj, PWj, PPV,j), the forecasts
/ expectations for unplanned import and export (PimpF,j and PExpL,j)
and the uncontrollable forecasted water flows (QF,rDay, RF,rDay).
Optimization variables are the values of the following sets: RC,rj,
PH,mj, PP,nj, vnj, αj, βj, PimpL,j, PimpLev,j, PExpF,j, PExpLev,j and Vr,j.

4. Conclusion
The nomenclature and model formulation depicts two separate
groups of powers that are exported and imported that is contracted
and unplanned. Actually the "unplanned" are subject of another
contract that specifically states the ideas of mutual helping in
keeping the systems balances in a interconnected area. This gives
the opportunity of the participants in such interconnected are to rely
onto their neighbors in moments of shortages which is actually
providing ancillary services from whole power systems to other
power systems (or localized areas). The convention is that any
unplanned deliveries of load or power (i.e. balance services) should
be returned back, that is balanced over time with constraints (10)
and (11).
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