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Combined approach for development of cyber-physical systems based
on IEC 61512 and IEC 61499 standards
Daniela Tzakova, Idilia Batchkova, Yordan Belev
Dept. of Industrial Automation, University of Chemical Technology and Metallurgy
Bul. Kl. Ohridski 8, Sofia, Bulgaria
dtzakova@gmail.com, idilia@uctm.edu, yordanbelev@gmail.com,
Abstract: The transition to CPS is one of the great challenges of the “Industry 4.0”. The core of cyber-physical systems is an effective
control, associated with achievement of a high degree of adaptability, autonomy, functionality, reliability, security and usability. The paper
presents a combined approach for development of cyber-physical systems based on the IEC-61512 and IEC-61499 standards represented as
partial model of asset administration shell, according the reference architectural model RAMI4.0. The models allow the description of
continuous production of finite quantities of materials (batches) from two distinct views – physical and control (cyber). The approach is
enhanced in respect to the correctness and reliability achieved, by replacing the semi-formal models with using of Signal Interpreted Petri
Nets supporting the verification processes.
Keywords: CYBER-PHYSICAL SYSTEM, INDUSTRY 4.0, RAMI 4.0, ADMINISTRATION SHELL, IEC-61499, IEC-61512
promote mutual understanding and consensus between partners.
Standards are used on the different levels of aggregation, covering
different engineering topics and domains. An important step in the
right direction is their joint use by setting up appropriate interfaces,
or meta-models.

1. Introduction
The strategic initiative “Industry 4.0” [1] is related to the new
industrial revolution and implies integration of Cyber-Physical
Systems (CPS), the Internet of Things (IoT) and cloud computing
leading to what is called "smart factory". The smart factories are
flexible systems and machines following RAMI 4.0 structure, with
functions distributed throughout the network, where participants
interact across hierarchy levels, products are part of the network and
there are communications among all participants. “Industry 4.0”
focuses on the integrated use of advanced information and
operational technologies, such as Internet of Things (IoT), cyberphysical systems, big data, data analytics and decision making,
artificial intelligence and robotics, cloud and fog calculations,
augmented reality and more. With a view to faster adoption of the
new concept by industry, it is desirable to ensure a smooth
transition to these new technologies, through the use of transitional
technologies and standards, and reasonable investment to achieve
the objectives, including integration between operation and
information technologies. There are a number of prerequisites for
this in the industry: embedded devices and controllers, wireless
sensor networks, RFID technologies and more. While the hardware
industry is relatively prepared for the transition to industrial IoT,
software and architectures face serious challenges.

The main goal of the paper is the integrated and combined use
of the standards IEC-61512 [5] and IEC-61499 [6, 7] based on the
concept of RAMI4.0 for building a database, including Asset
Administrative Shells (AAS). AAS is an implementation of the
digital twin for Industry 4.0. It establishes cross-company
interoperability, covering the complete life cycle of products,
devices, machines and facilities enabling the integrated value
chains. It is available for non-intelligent and intelligent products and
is the digital basis for autonomous systems and Artificial
Intelligence [8].
The main idea of IEC-61512 is to separate product knowledge
from the equipment used and to describe a batch process in different
grades of detail from chemical and control engineering points of
view based on 7 different models using semi-formal technique. The
second standard that is combined is IEC-61499 standard. It is a
standard for design and implementation of distributed controllers.
As its predecessor IEC 61131, it provides a framework for hardware
and software aspects of controllers. It defines various models for
system, device, resource, and application level. For application
design IEC 61499 introduces new kinds of function blocks (FBs).

The transition to CPS is one of the great challenges of the
“Industry 4.0”. They refer to a new generation of engineered
systems where cyber and physical components are strongly
interconnected, each operating on different spatial and temporal
scales, exhibiting multiple, distinct behaviours, and interacting in
numerous ways that change depending on context [2]. The core of
cyber-physical systems is an effective control, associated with
achievement of a high degree of adaptability, autonomy,
functionality, reliability, security and usability.

The main aim of the paper is to suggest a combined approach
for development of cyber-physical systems based on the IEC-61512
standard for batch control and IEC-61499 standard for development
of distributed control applications. The approach takes in to account
the last achievements in the reference architectural model
development included in DIN SPEC 91345. After the introduction a
short analysis of related standards is undertaken in part 2. The last
part of the paper presents the combined approach for development
of CPS for batch control using IEC-61499 and IEC-61512
Standards. Finally some conclusions are done.

An important way to deal with the complexity, diversity and
heterogeneity of cyber-physical systems is to use reference
frameworks and architectures to achieve interoperability, simplify
development and facilitate implementation. One of the most popular
reference architectures is RAMI4.0 of the Industry 4.0 Working
Group [3, 4], which supports the analysis and specification of
domains, and facilitates the unification of methods used by various
disciplines such as industrial engineering, control theory,
communication and information technology, thus making possible
their combined use. It is a foundation for the following next steps
towards Industry 4.0: thing identification, unified semantics and
common syntax for data, defining of QoS components,
communication connections and protocols. Key elements in
RAMI4.0 are the standards, which reduces the risk for enterprises
and encourages the adoption of new technologies, products and
production methods. The main advantage of using standards is that
they reflect the state of research and technological development and

2. Related works
2.1. Reference architectural model for Industry 4.0 (RAMI 4.0)
The reference architectural model RAMI 4.0 is one of the most
well-known reference architectures for Industry 4.0 [4]. The
framework of RAMI 4.0, shown in Fig.1, is three-dimensional and
describes the crucial aspects of Industry 4.0. The “Hierarchy level”
axis includes the hierarchy levels defined in the ISO/IEC-62264
standard, including all different functionalities in the factory. In the
RAMI 4.0 the functionalities are extended to the “product”
according IEC-61512 standard and to “connected world”. The left
horizontal axis represents the life cycle of the facilities and
products, based on the IEC-62890 standard and the vertical axis
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represents the six layers for decomposing into its properties. The
reference model allows a step-by-step migration from present into
the world of Industry 4.0. RAMI 4.0 integrates different user
perspectives and provides a common understanding of Industry 4.0
technologies. It is a foundation for the following next steps towards
Industry 4.0: thing identification, unified semantics and common
syntax for data, defining of QoS components, communication
connections and protocols.

S88. Its structure gives a frame for clearly definition of processes
and product requirements. The modular structure of the standard is
applicable to all types of control systems and promotes reusability
through breaking up the systems into smaller components. The
standard provides a guideline for designing batch control
applications for manual as well as automatically controlled
processes. The three control types in batch manufacturing are basic,
procedural and coordination. These control types are applied to the
control and equipment modules. To examine the relation between
equipment and procedural control, IEC-61512 standard defines a
hierarchy of four types of recipes, i.e. general, site, master and
control recipe.
The main idea of IEC-61512 is to separate product knowledge
from the equipment used. The philosophy of IEC-61512 is shown in
Fig.3. To describe a batch process in different grades of detail from
chemical and control engineering points of view, IEC-61512
proposes a set of seven models as shown in Fig.4. Taking the
process view, design starts with a process model containing the
(abstract) chemical knowledge of the process to be realized. From
general recipe to control recipe this model is stepwise substantiated
(i.e. adapted to the batch plant). The resulting control recipe
describes which actions have to be taken in which order to reach the
desired process. The control view (or equipment view) is described
with the physical control model, dealing with sensor and actuator
signals, and its abstractions, equipment control and control recipe.
The control recipe is the meeting point of the two points of view. As
all models in IEC-61512, the control recipe is built in a hierarchical
way. Phases (not shown in Fig.4) are considered as elementary steps
in the control recipe and cannot be decomposed. A phase describes
a basic function of the given plant such as dosing, stirring or
heating. Collections of phases performed in a specified order
(sequential and/or parallel) are operations. Operations are organized
in unit procedures which are assigned to a specific class of plant
units. A unit procedure describes a series of operations providing a
high level function. Finally, unit procedures are combined to
procedures describing the interaction of plant units. S88 introduces
the semi-formal design language Procedure Function Chart (PFC).
It enables the designer to graphically describe the organization of
operations, unit-procedures and procedures using basic elements. In
Fig.4 the PFC are replaced by Signal-Interpreted Petri Nets (SIPN).
They provide more details for analysis and verification in a formal
way. The IEC 61499 based methodology is used to implement the
control scenario. They will be shortly presented in the next
paragraphs.

Fig.1: Activity model of quality operations management [3]

In RAMI 4.0, the concept of I4.0 component is defined
and may be considered as a specific case of CPS. Each I4.0
component, as shown in Fig.2, consists of physical part
(asset) and cyber part, named “administrative shell” (AS),
which is a digital representation of asset. AS offers dedicated
information, functionalities and internal and/or external
services, and includes two parts: manifest and component
manager. Manifest features externally accessible set of metainformation that reflects the uniqueness of I4.0 component.
The resource manager guides the services and access to them,
described in hierarchically organized sub-models. The submodels are two kinds: generic and specific. The generic submodels are static models and represent mandatory
information, such as: index data item, property value
statement, documentation and communication. The properties
of sub-models are formatted corresponding chosen
standardized data format (eCl@ss, Common Data Dictionary
(IEC 61360-4), IEC 61987 (Process automation), etc.). The
AS includes a communication interface for providing outside
access to functions and data.

Production
Schedule
S88 : Schedule

S88 : Resources

S88 : Recipe
S88 : Equipment
Procedural Elements

Product
Engineering

Resource
Engineering

Fig.3: The philosophy of IEC-61512
IEC-61512 defines several models describing the equipment,
process and procedure hierarchies necessary to make batches as it is
shown in Fig.4. The physical model describes the equipment
necessary to make a batch and is divided into two organization
parts: “Enterprise”, including enterprise, site and area, and
“Equipment” composed of process cell, unit, equipment module,
control module. Subject of the research proposed in this paper is the
“Equipment” part. A process cell contains all of the equipment,
including units, required to make batches. Batching activities are
focused on units, defined as “a collection of process and control

Fig.2: I4.0 component [3]
2.2. Short overview of IEC-61512 standard
The IEC-61512 standard [5] also known as ANSI/ISA S88.01 is
a basic and well accepted standard in the area of batch process
industry, providing domain specific models for design and control
of batch production processes. The standard is shortly known as
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development lifecycle. There are several engineering environments
that support the development of control systems based on the
IEC6199 standard among which the 4DIAC tool has special
ambitions to meet the requirements of Industry 4.0 [9].

equipment, and the associated control logic that carry out one or
more major processing activities” [5]. An equipment module
according IEC-61512 is “a functional group of equipment that can
carry out a finite number of specific minor processing activities”.
This module can be made up of control modules or other equipment
module. In some cases, equipment modules can replace control
modules. Control modules are treated as basic elements of the IEC61512 physical hierarchy. They are defined as “collections of
sensors, actuators, other control modules and associated process
equipment that, from the point of view of control, is operated as a
single entity” [5]. Examples of control modules may be valves,
pumps, PID, PLC, sensors.

Fig.5: Reference architecture of IEC-61499 standard

3. Combined approach for development of CPS
based on IEC 61512 and IEC 61499 Standards
The basic idea of the approach is to allow the chemical engineer
to specify his knowledge using S88 while at the same time giving
the control engineer the opportunity to use IEC 61499 to design and
implement the needed logic controllers. The goal is to provide
highly reusable components concerning batch process and an easy
way to reconfigure their executions. As a result, the control strategy
can be flexibly managed. The proposed approach supports the
development of reusable software components based on the
combined use of three different formalisms: the IEC-61499 standard
for distributed process measurement and control systems, the IEC61512 standard for batch control and the Signal Interpreted Petri
Nets (SIPN), used as a tool for formal verification of the correctness
in the behavior of the developed I4.0 components or CPS. IEC61512 provides domain specific models for design and control of
batch production processes. The models allow the description of
continuous production of finite quantities of materials (batches)
from two distinct views – physical and control (cyber). The
approach is illustrated in Fig.6, and includes the following steps:
• Functional component development - each physical component
as for example pressure sensor, temperature sensor, level
sensor, valve and pump, has corresponding cyber component
(i.e. functional component). If several components are
employed for an equipment or unit module, their software
components are then compounded as a composite component.
The functional component can be instantiated several times;
• Control recipe modeling using SIPN that is an extension of
Condition-Event nets which allow process interfacing by output
signal assignments associated with places and input signal
evaluation in Boolean expressions attached to transitions [10].
The procedural control of each unit procedure describes which
actions have to be taken in which order to reach the desired
process. The control view (or equipment view) is described with
the physical control model, dealing with sensor and actuator
signals, and its abstractions, equipment control and control
recipe. The control recipe is the meeting point of the two points
of view. The extension of SIPN with time and hierarchical
structures gives opportunity for fully description of control
system functionality and requirements;
• The designed formal SIPN model may be checked for
correctness before its implementation through automatically
constructed different types of Reachability Graphs (RG),
transparent analysis or transformations to timed automata. The
focus is oriented more and more to formal specification

Fig.4: Simplify view of IEC-61512 structure
2.3. Short overview of IEC-61499 standard
The IEC-61499 standard [6] defines the basic concepts and
reference architecture for the design of reusable and componentbased distributed control systems (Fig.5). At the heart of the
standard is the concept of "function block" (FB) as a basic structural
unit of the application. The term “Function Block” is defined by
Lewis as: “an abstract mechanism that allows encapsulation of
industrial algorithms in a form that can be easily understood and
applied by an engineer who is not skilled in the implementation of
complex algorithms” [7]. The standard defines three types of
function blocks: basic, composite and service interface. The basic
function block is presented by an input and an output interface
composed of input and output events and data. The internal view of
a basic function block includes an Execution Control Chart (ECC),
internal data and internal algorithms. The ECC is a state machine
used to control the execution of algorithms associated to the
function block. A function block is characterized by its type name
and instance name, which are used to identify a function block. The
event and data inputs and outputs are required for the
interconnection of different function blocks to function block
systems, while the ECC, internal data and internal algorithm
describe the internal behavior of the function block. The kernel of
the Basic function block is its Execution Control Chart. An ECC
consist of states, transitions and actions, which invokes the
execution of the algorithms, which are associated to the ECC states,
in response to event inputs.
IEC-61499 standard defines 3 types of reference models, on the
basis of which a distributed control system can be designed at
different phases of its life cycle: system model, device model and
resource model. The system model specifies the distribution of an
application between devices, and a single device can perform
multiple applications. Devices are containers of resources that make
it possible to run function blocks on the network independently. The
resource model specifies the location where an application is
running, providing the basic resources for doing so. Although the
industry is aware of the benefits of using IEC 61499, this standard
has not yet been widely applied in the industry. The main reasons
for this are the immaturity of the development tools and the lack of
a sophisticated integrated development environment (IDE) and
integrated design methodologies that facilitate component-based
development of automation systems throughout the whole
200
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•

languages such as temporal logic and formal verification
methods such as the famous model checking.
Mapping of model to an IEC 61499 based application
(SIPN2IEC61499) - The SIPN model with regard to the
functional component is mapped into IEC-61499 based
component using some rules.

•
•

•

•

SIPN model

Requirement

verify and validate the models, as well as to increase the
security and safety of the applications. Using the SIPN model it
is possible to check for consistent control on operation level, i.e.
to guarantee that the order of phase execution fits to the
specification of the plant.
IEC-61499 standard allows the integration of a time-triggered
mechanism with SIFB-based event triggered systems;
The reference architecture and models based on IEC61512 and
IEC-61499 standards support the reuse of the developed CPS
components and shorten their development and configuration
time;
The models offered allow the creation of libraries of reusable
components for different application areas based on both
standards.
The distributed control structure achieved, facilitates the
reconfiguration of the system by inserting, deleting and
replacing functional components based on IEC-61499 standard;

Acknowledgment: This work is financially supported by the National
Research Fund of the Bulgarian Ministry of Education and Science in the
frame of project KП-06-H27-8/2018.
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Fig.6: Illustration of the combined approach
IEC-61512 and IEC-61499 standards may be used within the asset
administration shell in order to specify properties and property
values as shown in Fig.7. The meta-model of AAS is based on the
concept of partial models having unique global identifiers and a set
of well-defined attributes and properties. The partial models
characterize different aspects or functions (mixing, heating,
reacting) of the asset, in different domains such as communication,
engineering, security, process control, etc.

Fig.7: Illustration of network-based communication as an asset

4. CONCLUSIONS
The combined use of the IEC-61499 standard results in a significant
improvement in the quality, safety and efficiency of the designed
CPS. The main advantages of the suggested approach with respect
to CPS can be summarized as follows:
• Important advantage of the proposed approach resulting from
the use of SIPN models and their formalization is the ability to
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Lightweight framework for interconnecting virtual and real things via Node-RED
Anna Lekova1, Tanio Tanev1, Snejanka Kostova1 , Vassilis Kaburlasos2
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Abstract: Key innovative technologies for I4.0 are Internet of Things (IoT), Cyber-Physical Systems (CPSs), self-organizing machines
(M2M), cloud computing, big data and Mixed Reality (MR). Microsoft HoloLens2 (HL2) is the new MR revolution for Industry 4.0. The
proposed study addresses the potential of Node-RED IoT platform and HoloLens2 for interconnecting virtual and real things from the
current scene in the MR window. The augmented holograms on scenes interface the physical object and link behaviours to them seamlessly
and regardless of their heterogeneous technologies. A lightweight framework for interconnecting virtual and real things in HoloLens 2 via
Node-RED is proposed. The framework uses open-source tools and standard protocols like IoT protocols, Microsoft WebSocket, MRTK for
Unity, HL2 APIs and Node-RED nodes used to interact with Python or ROS processes. More detailed experimental analysis will be
performed in the future in order to prove that this framework is enough practicable and stable.
Keywords: INDUSTRY 4.0; MIXED REALITY; INTERNET OF THINGS; CYBER-PHYSICAL SYSTEMS; MICROSOFT HOLOLENS;
NODE-RED
security and privacy approaches are presented in [5]. There are two
main types of devices which deliver MR: 1) Holographic devices
which are characterized by their ability to place digital content in
the real world as if it were there and 2) Immersive devices which
create a sense of "presence"--hiding the physical world, and
replacing it with a digital experience. HoloLens (2nd gen)
developed by Microsoft (HL2) is the new MR revolution for
Industry 4.0. Windows 10 provides a common Mixed Reality
platform (MRTK) for both manufacturers and developers
[https://docs.microsoft.com/en-us/windows/mixed-reality].
The
holograms, objects made of light and sound that appear in the world
around us, are created by MRTK and they look like real objects,
which respond to our gaze, gestures and voice commands in order
to interact with real-world surfaces around us. When MR device
interfaces real world objects, linking behaviors to these objects can
happen naturally by holograms. For instance, if MR device points a
robot, the MR Camera would recognize the robot and then offer
suitable “augmentations” for the robot parts. Visually in the MR
screen, this might look like a group of holograms or 3D objects
floating around the robot. If behaviors are linked to some
“augmentations” we can physically control the robot‟s actuators or
start video recording using the camera of the robot. Interconnection
between virtual and real object need to be established seamlessly.
However, intercommunication with the physical elements around
virtual object is complicated. MR and surrounding devices make
use of heterogeneous technologies and development of a MR
application is complicated and depends on the different layers, one
of which is focused on architectural issues for component
integration. The implementation of the intercommunication
mechanisms requires the involvement of specialized developers
with experience on the necessary technologies. To cope with this,
the present work proposes a lightweight framework for
interconnecting virtual and real things in MR device via Node-RED.
Node-RED was originally designed to work with the Internet of
Things [6], i.e. devices that interact and control the real world.
Node-RED has quickly developed a significant and growing user
base and an active developer community who are contributing new
nodes for reusing Node-RED code.

1. Introduction
The Fourth industrial revolution (I4.0) has begun with the rapid
development of ICT and AI allowing a new paradigm for
communication and augmentation. I4.0 has transformed traditional
industries into smart ones by incorporating successive technological
advancements, developments and innovations. I4.0 practices often
extend beyond conventional industries including agriculture; hence
“Agriculture 4.0” emerges potentially based on intelligent robots.
Key innovative technologies in I4.0 are: Internet of Things (IoT),
Cyber-Physical Systems (CPSs), self-organizing machines (M2M),
cloud computing, big data and Extended Reality (XR). The Internet
of Things (IoT) is a concept that connects real and digital worlds.
Using any network and service IoT allows people and “things” to be
connected anytime, anywhere, with anything and anyone. The
Industrial Internet of Things (IIoT) covers this concept at more
industrial level and radically contributed to the Industry 4.0
realization. However, with the increase of technological complexity
the used context and tasks for the designers and users change, too.
In the design phase the engineers have to handle the increased
complexity such as heterogeneity of devices and protocols for data
sharing, new methods for remote guidance and access to the system
data, new approaches for digitalization of the implied knowledge in
manuals. In the operating phase the operators have to access,
capture and send digital information about their activity in real time
from/to the service and maintenance technicians. All this increasing
level of user interaction can be handled by XR and is considered the
new revolution for Industry 4.0. Nowadays, developers exploit
wearable technologies and displaying mechanisms to create
innovative applications which allow users to interact naturally with
digital technologies. New visualization strategies superimpose
virtual (computer-generated) content on the environment. Different
XR technologies have emerged in order to achieve these aims, such
as virtual reality (VR), augmented reality (AR), and mixed reality
(MR). VR provides a computer-generated environment where the
user can enter it with a VR headset and interact using gestures and
posture. VR is an immersive technology and as a drawback could be
pointed out the lack of interaction with the real space. AR
technology solved this problem and a new method for visualization
was proposed in 1997 [1] that enabled the addition of virtual objects
to appear and coexist in the same space as the real world. AR has
been suggested as a disruptive and enabling technology within the
I4.0 manufacturing paradigm [2]. AR technology creates an
augmented world the user can interact with, however the real and
virtual world are separated. The term MR first was introduced in a
1994 in [3] and emerged in order to merges the real and virtual
worlds in the MR window, where a real-world object interacts with
a virtual object and vice versa to execute practical scenarios for the
actors in the interaction. A review on Mixed Reality and current
trends, MR software, toolkits, and application programming
interface could be found in [4], while the recent advances in

Our general concept how to use open-source tools and IoT
standard protocols is presented in Fig.1 as flow chart. Other
behaviors that concern remote assistance in real time, e.g. as to how
operators in the field easily access, capture and send digital
information about their activity in real time to the
service/maintenance technicians can be seen in Fig.1. The operator
will be supported not only with step-by-step instructions using 3D
text, icons, images, models and animations, but with direct support
from the expert who could control remotely the designated
holograms over real device parts in order to complete specific tasks.
The main idea is to reduce the communication barriers between
technologies by open-source protocols and systems, such as
WebSocket, Node.js, JSON and Node-RED. Objects that belong to
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the IoT share common protocol with technical IoT standards, most
of which are open standards. JSON format serves for exchanging
data between a browser and a server. Any JavaScript object as
JSON can be sent to the server and converted any JSON received
from the server into JavaScript objects with no complicated parsing
and translation.

that allows the headset to follow the user's gaze. Thus, the operator
has just to look at the buttons he/she want to click on. Operators and
service/maintenance technicians (hereafter experts) communicate
more easily while reducing travel time using the new proposed
remote collaborative real-time assistance. The experts need not visit
the site and can see the problem and perform a diagnosis from a
distance and look through the eyes of the operator on the spot,
meantime communicating with each other. The experts have the
ability to interact with the virtual and real objects on the MR scene
by adding arrows or surrounding specific areas. The experts can
send documentation (PDFs, specifications, images or videos), thus
fix the operational errors coming from the documents which are
often out of date. The operator on the spot is no longer obliged to
bring “documentation on paper” with her/him and has both hands
free during the intervention. Furthermore, because the expert has
access to all the up-to-date documentation on his computer, the
operator works safely because relies on the correct version of the
documents used. However, although the remote assistance and
training is solved, the problem of seamlessly interconnecting of real
and virtual things in the shrouding remain still partially unsolved.
Different IoT-based middlewares that generate global
information to support MR applications or the connectivity within
MR applications could be found in the literature [9-12]. CHARIOT
[10] is an IoT middleware for the integration of heterogeneous
entities in a smart urban factory and support the new technologies
and devices that can autonomously communicate and exchange data
among each other. One of the introduced case scenarios brings
warehousing and augmented reality features together to demonstrate
how a IoT data streams can be integrated into actionable AR
solutions. A framework for integration of AR/MR and IoT devices
by using standard architecture, open source and standard protocols
is proposed in [11]. The integration of OneM2M as a standard
architecture for IoT platforms (Mobius as one M2M platform for
IoT and HoloLens as an MR device) for sensor data visualization,
actuator control, and MR-sensor data transmission are verified. In
[12], Node-RED environment as one of the most important
perspectives in IIoT that replace (to a certain level) classic
Supervisory Control and Data Acquisition (SCADA) applications is
applied by using openly published and free protocols such as
Modbus TCP for interacting with industrial devices and Message
Queuing Telemetry Transport (MQTT) to interact with higherlevels, which provides a publish-subscribe structuring and a low
band-width usage. The application uses logging and archiving
modules based on InfluxDB database and is conceived to achieve
the visual supervisory structure as close as possible to well-known
SCADA solutions.

Fig. 1 General concept for interconnecting virtual and real object
via open-source tools and IoT standard protocols
The paper addresses the potential of Node-RED IoT platform
and HoloLens 2 from Microsoft (Fig.2) for interconnecting virtual
and real things from the current scene in the MR window. Thus, the
behaviors of augmented holograms on scenes can link behaviors to
the physical object seamlessly and regardless of their heterogeneous
technologies. The presented work proposes a lightweight
framework for interconnecting virtual and real things in HoloLens 2
via Node-RED.
The framework uses open-source tools and
standard protocols like IoT protocols, Microsoft WebSocket,
MRTK for Unity, HL2 APIs and Node-RED nodes used to interact
with Python or ROS processes.

What makes Microsoft Hololens2 to be considered as the new
MR revolution for Industry 4.0? New HoloLens 2 is the innovation
for the next generation of computing in operational conditions and
with its ergonomic reconstruction of the headset it is a comfortable
tool for industrial operators [7]. What is new in HoloLens 2 [8]: 1)
Field of vision is more than doubled; 2) Center of gravity is more
balanced; 3) A new display improves the immersive experience; 4)
Easier and more intuitive manipulation of holograms; 5) Flip-up
visor; 6) Eye-tracking sensors; 7) “See it say it” option for clicking;
8) Applications such as Dynamics 365 Remote Assist, Dynamics
365 Layout, Dynamics 365 Guides.

HTTP POST from HoloLens can be applied for sending data
however if we want to interact with the virtual objects outside the
MR device, WebSockets and JSON need to be used. WebSockets as
a communication framework are used in [13] and [14]. AR-based
method for remote real-time assistance for collaboration which
reduces the communication barriers is presented in [13]. WebRTC
is used for the multiplayer Real-Time video Communication and a
shared cross-platform virtual whiteboard based on Canvas,
WebSocket and Node.js. This canvas allows the remote experts to
provide visual assistance by drawing, texting or videoing. A hybrid
tracking and registration technique based on natural features and
gyroscopes is adopted to estimate the operator‟s posture in real time
to enable the virtual assistance information to be perfectly
integrated with the real world at all times. A proof of concept that
the communications via Websockets from HoloLens to IoT and vice
versa are feasible and in real time can be found in [14]. The
application sends or receives data in UTF8 format from the HL2 to
Node-RED and back to the MR window of HL2 in order to
manipulate remotely virtual objects.

The 1080p, 30 fps helmet-mounted camera contributes to better
videoconferencing and remote assistance. By the “Hand Tracking"
technology the 3D model of user hands appears on the MR scene
and follows the user's hand movements for interacting directly with
the digital elements on the scene. “Eye Tracking” is the technology

Reviewing the surveyed IoT-MR middleware, we have not
found the touching or grabbing a virtual object in MR device
implicitly and seamlessly to control a real device via to Node-RED.
According to us, Node-RED, as a quickly developed and growing
user base with contributing new nodes, can be used to mediate the

a)

b)

c)

Fig. 2 HoloLens 2 headset and air-tap and grab hand
gestures

2. Related Works
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the robot side. After the stop recording button, the video is saved on
the robot side. At the same time, “WebSocket_in” from Node-RED
communicates with the HL2. It receives a “WebSocket_in” message
to augment a VideoPlayer object on the scene and the URL for
rendering the video from the Pepper‟s camera. The record of the
video taken by Pepper‟s camera on the robot is in .avi format and it
begin by starting python script that instantiating a NAOqi
session.service ("ALVideoRecorder") [17]. Via File Transfer the
video file is download from the robot to a laptop or directly by WiFi
to HL2 by using appropriate transport protocol for file transfer. The
online streaming on the HL2 scene is a future goal. By analogy,
another vision module on the robot side that can be instantiated by
NAOqi is “ALFaceDetection” service. Thus, the robot will be
assigned to detect, and optionally recognize, faces and provides
their positions, as well as a list of angular coordinates for important
face‟s features (eyes, nose and mouth).

linking behaviors from virtual to real objects regardless of their
heterogeneous technologies.

3. A framework for interconnecting virtual and
real things in HoloLens2 via Node-RED
The proposed framework has been developed for two different
behaviours on two different types of programmable robots, both
available in our laboratory: a socially-assistive robot Pepper by
Softbank [15] and a collaborative robot Panda by Franka Emika
[16]. The HoloLens device interfaces the camera of the Pepper
robot in the first behaviour (Fig.3) by holographic touch in HL2
window, speech or input gestures. In the second behaviour, the
articulated hand input for grabbable input control interfaces and
manipulates the hologram of a robotic arm (the virtual object) in
order to mimic the real robotic arm manipulations, such as move,
rotate and scale. The proposed framework uses well-known opensource protocols and tools, such as Websockets, Node-RED, JSON
and Python/ROS scripts which allow dynamic communication
between HL2 and robots in real time with enhanced UI and
visualization techniques.

Fig. 4 Communications from HL2 to Node-RED,
established by WebSockets in the Universal Windows
Platform (UWP)
In the second behaviour the HL2 inputs interface the gripper of
the 3D model of the Panda collaborative robot. By the scripts in
Unity that provide the basic functionality for transforming objects
in
mixed
reality
(BoundingBox,
ObjectManipulator,
NearInteractionGrabbable, etc) the model is made intractable. The
transforming model and lighting are set according to the user‟s
position, as well as “Follow Me” and “Close” functionality. The
goal of this behaviour is the real robotic arm to mirror the
manipulation of virtual one. This is very useful for programming
robots by manual guidance. In the HoloLens application the prefab
of the robot arm is manipulated by adding the necessary scripts that
provide basic functionality for transforming objects in mixed reality
by a cube around the hologram to indicate that it can be interacted
with. Handles on the corners and edges of the cube allow scaling or
rotating the object. The end position of an articulated hand pointer
in MRTK is get when hitting and grabbing the geometry of the
virtual arm (Vector3 Start and End point positions and hit_object
results
from
MixedRealityToolkit.InputSystem.DetectedInput
Sources) and it is sent in time windows via the “communication
channel” to the real robotic arm in order to transform position of the
arm. Thus, the operator moves and manipulates in real time the
virtual robot which results in recording its pose and posture on the
real one in a timeline-based program by mapping of the position
and orientation coordinates.
The proposed framework has other application prospects, too.
For instance, remote-assistance from NodeRED for different IoT
devices. When the HL2 device sensors send data in Node-RED,
after decision taken from an expert, the real device is controlled via
NodeRED and the feedback to the HL2 provides an interaction that
merges the real and virtual worlds in the MR window. Thus, we aid
at maintenance or training (replace manuals) scenarios and practical
decision-making by enhanced UI and visualization techniques.
Another possible application of the proposed framework is in
“Agriculture 4.0” applications, for example for grape harvesting
[18]. More specifically, the harvesting robot might be tailored
remotely to perform specific harvesting operations according to

Fig. 3 Developed framework for two different behaviors
The communications from HL2 to Node-RED were established
by Microsoft WebSocket_out and from Node-RED to HL2 by
WebSocket_in (Fig.4), hereafter the term “communication channel”
will be used. Windows 10 provides support for the client use of
WebSockets in Universal Windows Platform (UWP) applications.
The “Windows.Networking.Sockets” namespace defines two types
of WebSocket objects to be used by clients: MessageWebSocket
(supports UTF-8 or binary messages) and StreamWebSocket - for
sending binary data of photos, movies, etc. The server echoes the
messages back. Therefore, when a HoloLens object is interfaced
(e.g., point, grab, pressed), the current behaviour sends a
WebSocket message to Node-RED on another PC and the text tells
the name of the object pointed at and the time it was pointed at. In
case of StreamWebSocket is used a stream is transported to NodeRED.
HoloLens interfaces the camera of the Pepper robot by
holographic buttons, speech or air-taping gestures in the first
behaviour.
Video
recording
starts
by
pressing
the
“PressableButtonHoloLens2” shell-style button, by using “See it
Say it” functionality or by a combination of air tap gestures and a
three-second countdown. All these virtual inputs for starting and
stopping the real camera of the Pepper robot communicate using
“WebSocket_out” with Node-RED network and input python shell
nodes. Node-RED sends the python script that starts the camera on
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specific vineyards conditions. Yet another potential application of
the proposed framework is in Social Robot applications in
education [19] and [20], where virtual and real things could be
mixed constructively.

10.

Although the framework has broad application prospects in
many fields, more detailed experimental analysis needs to be
performed in the future in order to prove that this framework is
enough practicable and stable. In the future, the potential of Lattice
Computing (LC) [21] will be studied toward mixing rigorously
virtual as well as real objects based on LC‟s modelling capacity to
rigorously involve both sensory data and cognitive data. In
particular, LC can be applied for modelling MR in Human CPSs
(HCPSs), where “virtual” and/or “cyber” components correspond to
nonnumerical data, whereas the “physical” components correspond
to numerical data.

11.

12.

13.

4. Conclusion
HoloLens2 from Microsoft is the new MR revolution for
Industry 4.0. A lightweight framework for interconnecting virtual
and real things in HoloLens 2 via Node-RED is proposed. The
framework can be applied for all MR smart glasses using
WebSockets and all IoT devices that have nodes to be accessed and
controlled via Node-RED. The framework reduces the
communication barriers between heterogeneous technologies by
open-source protocols and systems that allow operators easily to
access, capture and send digital information about their activity in
real time. At the same time, the operator is supported from the
maintenance technicians not only with step-by-step instructions and
weak interactions as images and animations, but with direct
interaction with the virtual model or the real device in the field in
order remotely to complete specific tasks.

14.

15.
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Possibilities of using Industrial Internet of Things (IIOT) in industrial communication.
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Abstract: Future of modern communication technologies of smart modern production systems is moving to wireless form of data transfer
between devices. Thanks to use of smart devices that communicate within the network, we are talking about of interconnection of separate
devices – Internet of Things (IoT). In connection with the implementation of standards Industry 4.0 in the manufacturing process together
with IoT implementation into production process a new term is created – Industrial Internet of Things (IIoT). However, the implementation
of this form of wireless communication brings some problems, mainly in field of safety and stability of data transfers. This paper provides a
brief overview of the current state of the use of IIOT in industrial communication and production management and describes relationships to
concepts such as cyber-physical systems and Industry 4.0. Part of the article is a proposal of communication scheme suitable for the
implementation on model of modular production system (MPS).
Keywords: INDUSTRY, CYBER-PHYSICAL, IOT, COMMUNICATION, SMART FACTORY

1. Introduction

2. Theoretical foundation and related work

These days, modern industries go through a transformation in
accordance with the standards of Industry 4.0. The Industry 4.0
standard represents a new way of approach to implementing new
technologies in the manufacturing, otherwise known as Smart
Factory (SF) [2], or Cyber Physical Systems (CPS) [1].

In the study of literature from available sources, the term
Industrial Internet of Things can be often found in conjunction with
terms “Cyber physical systems” “Industry 4.0”, “Cloud”, “Fog”,
“Industrial Control Systems”, “Smart Factory” and “Industrial
Internet” [4,5,6]. In addition, IIoT is seen as a major source of big
data and so requires the modern technologies to handle huge
structured or unstructured data sets [5]. Considering that IIOT is
relatively new technology and in addition to those mentioned
technologies, the IIOT communication is usable by wide range of
new and modern, state of art technologies:

The possibility of realization such form of production is based
on the presumption of existence of smart devices, partially
independent on central management and clever. These devices
communicate with each other without any interaction with a human.
For example, smart sensors in traffic and road control structures
assemble information about traffic status and roads, weather
conditions, in industry autonomous robots, conveyors, automated
guided vehicles, actuators, etc. It is clear, that volume of transferred
data between devices in such type of production process is huge. In
addition, usage of classic transmission paths like a metallic or
optical wire isn’t suitable solution.







The solution is to connect smart devices wirelessly. The pros of
this connection method is independence on infrastructure, but there
are more cons. Firstly, there is low stability of connection due to
mobility of endpoints, therefore this kind of data transfer means
lower connection stability. Secondly, the wireless transfer doesn’t
meet requirements on communication security due to uncontrollable
signal spreading in area.






In addition, process control is time highly depended process.
Not just a connection failure, but only delay in process control may
result into material damage or injury to a human operator.
In area outside time-depended process control is often used term
for wireless communication of smart devices, the term Internet of
Things (IoT). IoT is a well-known concept, which represents the
next generation of products and communication between them. It
has a direct correlation with Industry 4.0 standard, where the
existence of smart products is one of the prerequisites for the
intelligent manufacturing implementation [3].
According to achieving better safety and security of
communication in case of process control in industrial domain,
there arises extension of IoT for industry – Industrial Internet of
Things (IIoT). [4,12]

IoT for industrial Condition Monitoring and Predictive
Maintenance
Intelligent robots based- IIoT for industrial applications
Human machine interface in IIoT for industrial
applications
Smart manufacturing using IIoT
Plug-and-Produce, Artificial Intelligence, Computer
Vision, Fog and Edge Computing in Industry 4.0
Interoperability and Integration in IIoT and Industry 4.0
Machine-to-machine communication protocol (OneM2M,
OPC UA, DDS, etc.)
Novel Information models, standards mapping and
software development techniques for IIoT
Novel network technologies applied for IIoT (TSN, 5G,
SDN etc.)



Network management and industrial communication
protocol



Digital Twin, Device Models, Automation Models



Novel applications of service-oriented architectures in
IIoT (e.g., Microservices, REST, Serverless computing)



Application of Blockchain
Manufacturing Industry



Algorithms for remote IIoT data collection and filtering.



Emerging sensors in IIoT

Technology

in

the

The whole problem area of IIOT implementation is well analysed in
work of Boyes et al. [6]. They provided a survey of existing
definitions of IIoT and developed own definition of an analysis
framework for IIoT devices, together with practical classification
scheme for those with an interest in security-related issues
surrounding IIoT.
Another study about IIOT status aligned with the industrial domain
is described in work of Khan and Al-Badi [7]. They describe
possibilities of integration of IIOT and different types of machine
learning frameworks, focused on data processing.

Industrial IoT is a subset of IoT which requires higher levels of
safety, security and reliable communication without the disruption
of real-time industrial operations due to mission-critical industrial
environments. The focus of IIoT is efficient management of
industrial assets and operations along with predictive maintenance.
IIoT is the network of intelligent and highly connected industrial
components that are deployed to achieve high production rate with
reduced operational costs through real-time monitoring, efficient
management and controlling of industrial processes, assets and
operational time [5].
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Chen in his work [8] describes an application of IIOT in area of
wireless sensor network. Author proposes a reference architecture
and construction path for smart factories by analyzing industrial IoT
technology and its application in manufacturing workshops.
Additionally, the article offers industrial IoTs solution for
manufacturing workshops in view of the variety of on-site
manufacturing data, large amount of data, variable status,
heterogeneity, and strong correlation between data, integrated key
technologies such as WSN and RFID. Finally, the proposed system
is analyzed from the perspective of real-time, performance and
quality. The results show that the system is effective in the
monitoring of production line data. Suchlike problem describes
Huang [9]. The core of his work is about connection of devices,
such as enterprise smart terminals, barcode scanners, radio
frequency identification (RFID) readers, wearable devices, sensors
and aisles and shelf beacons using IIOT and data gathering from
monitoring system.



to develop lightweight Anti-Malware solutions to
protect the IoT devices from Malware,



to develop lightweight schemes to simultaneously
provide data security while maintaining accessibility
to only authorized users,



to develop lightweight cryptographic algorithms and
efficient key management schemes for protection of
data confidentiality and integrity.

In addition, IoT environments are continuously changing due to
its independence. Changes may come from the service,
connectivity, or physical layers of the IoT architecture. Therefore,
to function appropriately, the system needs to dynamically adapt to
its environment. Dynamic adaptation in IIoT communication is not
just matter of protocol adaptation, i.e. data transfer without errors,
thanks to smart communication interfaces and protocols. IIoT
system in real environment must be able to make dynamic
adaptations in structure and to manage the inclusion of new devices
and devices’ transient connection [22]. There exist many research
works in area of IIoT architecture adaptations and flexibility
[22,23,24,25,26]

IoT is experiencing exponential growth in research and
industry, but it still suffers from privacy and security vulnerabilities.
Authors Zhang et al. [16] solve problem with use of technology of
blockchain in IIOT area. They use the network model of multiple
edge gateway in IIOT network with aiming at the security of data
transmission in industrial Internet of Things for smart city. In
conclusion there are simulation results. From outputs it is clear, that
the proposed lightweight data consensus algorithm reduces the
average hop count of data transmission, thereby reducing the
probability of data being stolen and used algorithm achieves high
data accuracy and ensures the safety and reliability of the IIoT.

Finally, according to the available literature we can say, that
there are number of various issues in IIoT implementation:

Security of nodes and data transfer safety is major problem for
all wireless forms of transfer, no exception for IIOT networks.
Requirements for safety of industrial wireless sensors network
integrated into IOT network is well summarized in work of Alcaraz
et al. [20]. Article contains analysis about IIOT safety from many
points of view – attacker impact, secure channel communication,
authentication, authorization, accountability and detection and trust
management. In output of work is proposal of secure IIOT
architecture that contains classic methods for securing systems in
internet – firewall, Intrusion Detection System, etc. As a conclusion
of this analysis, it can be stated that for the existing needs of the
industry, it is not necessary to fully integrate the industrial WSNs
within the Internet, and a simple capillary network with enough
redundancy can provide all the desired functionality.



Universal standardization is required in architecture



Interoperable technologies are required



Standard protocols are required

3. IoT architecture of product oriented Modular
Production System (MPS)
The modularity of production systems is highly complex matter
and deals within different areas of production. The modular
production is realized by combining subjects – modular production
cells into larger and complex production line - modular production
system (MPS). The key component of this type of production
architecture is communication.
Modern trends in distributed production system is use of cloud
and fog architectures. The whole structure of Cyber physical system
can be divided into layers according to logical functions and roles
of specific devices – physical layer, cyber layer and system layer
(Fig.1).

Qureshi et al. [17] propose framework with possibility to detect
HELLO-Flood attack, Version number attack, Sinkhole attack, and
Black hole attack. The performance of proposed framework is
evaluated at various performance parameters including attack
detection accuracy, true positive rate, false-positive rate,
throughput, and end-to-end delay.
It is clear, that security is one of the most important property,
therefore within area of security of IIOT networks exist many works
of other authors [13, 14, 15]. In summary we can say, that security,
privacy, confidentiality of information must be provided to the user.
IoT deployment requires tremendous efforts by resolving the issues
related to confidentiality, security and privacy threats [18,19,20,21].
The situation is complicated due to number of standards and
communication protocols used for interconnection within IIOT
networks. A comparative network basis for the implementation of
the industrial Internet of Things is provided in [10], [11]. Still exist
number of open research areas that are less investigated [28]:


to develop lightweight cryptographic protocols to
protect IoT devices against vulnerable attacks,



to develop preventive techniques against Traffic
Analysis attacks,



to propose techniques or solutions to prevent or solve
network DDoS attacks,

Fig. 1 Architecture for industrial smart product service system [27].

The physical layer is simply hardware, such actuators,
input/output devices, controllers, sensors, etc. In the physical layer
can be also included communication hardware (physical layer of
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network, fieldbus, wireless). This layer also includes sensors of
internal systems of more complex units, like robots and AGV. The
data from these sensors are not directly linked to production
process, but they belong to physical layer. For example, level of
current in device (battery status), oil pressure, temperature of
gearbox and so on.
The main role of cyber layer is to process the data from physical
layer. For example, data cleaning, data integration, data reduction,
data transformation. Entities belonging to cyber layer are
responsible for improving the data quality and ensuring the
effectiveness and reliability of data analytics [27].
The highest layer, the system layer is part of CPS, which is
responsible for production process management and communication
with other subjects and systems (statistics, communication with
other CPS, data mining processes, prediction, ERP).



Identification (ex: EPC, uCode, IPv6, URIs)



Comms / Transport (ex: Wifi, Bluetooth, LPWAN)



Discovery (ex: Physical Web, mDNS, DNS-SD)



Data Protocols (ex:
Websocket, Node)



Device Management (ex: TR-069, OMA-DM)



Semantic (ex: JSON-LD, Web Thing Model)



Multi-layer Frameworks (ex: Alljoyn, IoTivity,
Weave, Homekit)

MQTT,

CoAP,

AMQP,

Our proposal of communication model in testing lab in
communication/transport layer must meet following criteria:

Application of IIoT in communication makes the most sense at
physical layer. Higher layer entities are represented by complex
computer systems, often represented by cloud. Benefits of wireless
communication are clear for sensors and moving elements.



free (without licensing),



widely supported by hardware manufacturers,



perspective to future development and using



usable in low power communication



suitable for permanent connection

From number of connection protocols [30], seems appropriate
using of LP-WiFi (IEEE 802.11ah), classic WiFi communication
(802.11b/g/n), Bluetooth (802.15), perhaps IEEE 802.15.4. At
transport/network layer we suggest using of TCP/IP dual stack
communication model, mainly using IPv6. The IPv4 addressing of
devices is proposed for backward compatibility only with other
(existing) systems in factory. Data exchange on higher layer – layer
of exchange protocols – we propose using of HTTPs connection.
For data exchange in our model are also usable MQTT, JSON and
xml.

Fig. 3 Communication stack for Smart Factory compared to ISO/OSI

Due to mentioned security problems of wireless communication
in general, the situation in CPS IIoT is much more complicated. The
connected, always-online nature of these systems means entire
factories could be vulnerable to often devastating cyber-attacks
[28]. In present, there isn´t possibility to secure CPS in all levels
and points (devices). The main problem is that devices used in
smart grid in CPS are not smart enough (limited energy sources,
low computing power) for implementation of complicated
cryptographic methods and authorization mechanisms generally
used in computer systems. There is possibility to apply standard
security mechanisms designed for communication system connected
to internet, which consist of firewalls, intrusion detection systems,
2FA, honey pots. etc.

Fig. 2 Position of IIoT GATE in smart production system

Devices in physical layer are interconnected using wireless
protocol. As mentioned above, there is number of hardware
components and communication protocols used in IOT networks.
List of usable protocols and communication standards can be
broken into the following layers to provide some level of
organization [29]:


Infrastructure (ex: 6LowPAN, IPv4/IPv6, RPL)
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4. Conclusion
Modern smart production system known as Smart Factory or
CPS, need for their realization to implement many modern
technologies. Basic part of all of them is information about system
status, process parameters, device state, errors, temperatures,
current value and much more. These data are recorded by smart
devices interconnected within CPS. The key is reliable data transfer
between smart grid of components and higher layers – management
and control. Problem is that technology of communication of smart
devices between them and to internet, known as IoT, does not meet
the requirements for safety, security and reliability in industry.
Industrial IoT should be an upgrade to IoT standards. There are
many problems by real implementation and a lot of work to do for
successful operation. This article describes trends in area of
implementation of IIoT, discusses the possibilities of use and
identifies the main security problems of IIoT. A part of article is
proposal of IIoT gate and enumeration of selected communication
protocols suitable for data transfer with possibility of securing the
communication using standard security methods.
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Abstract: A training discipline "Basics if the Artificial Intelligence", taught in UCTM, Sofia is presented. The discipline is developed
according to the requirements of ACM as well the methodises presented by Russel and Norvig in their seminal book “Artificial Intelligence:
A modern approach, 3 ed.”. As a tool for illustration of the AI algorithms to be studied, each student is equipped with a typical cyberphysical system – individual training stand, which includes a simplified robot (addressed here as passive agent) constructed of sensors and
actuators only) controlled by an AI algorithm, subject to development by the students and housed on a PC. An outline of the lections is
included.
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The AI training should provide the engineer with the ability to
1. Introduction
understand whether particular AI approach is appropriate for the
There is an old saying - the engineers don't have to know
solving of particular problem, to be able to apply it and evaluate the
everything; all they need is to know where to find the knowledge.
results.
Apparently there exist many levels between "to know everything
Considering that AI is an important part of the cyber-physical
and "not knowing but aware where to find the necessary
systems,
we aimed to assure, the students to become familiar with
information". The level of knowing and finding, combined with the
the necessary theoretical and practical background. In this way they
skills of using the information, determines the life journey of the
will be able to apply and develop the necessary ideas and
graduates – as scientists, technologists, or managers. One might say
conceptions. Apparently, the AI training should be based on the
that the skilling of the delicate balance between memorizing of
already established foundations trough the others fundamental and
facts, methods, the ability to use the available information and to
specialized studying disciplines, already taught in UCTM.
find the necessary information make the difference between the
good and the bad engineer.

In a nutshell – the training program should be structured in such
a way, so the students be able to understand all important aspects of
the AI. At the same time, they have to use the mathematical basis
already received. All of this should be synchronized with the rest of
the disciplines taught in the University.

The task to build these abilities is assigned to the technical and
technological universities. It is our opinion that an important step in
the process of development of the mentioned set of skills is the
creation of an intuitive sense to the logic, principles, philosophy
laying in the foundation of the engineering courses of study.

There was one more goal, which we aimed. We tried to
minimize the expenses, without affecting the reaching the general
goals. We have used in great extend the wealth of free and open
source tools available. This include the program language,
development environments, operating systems.

The courses in University of Chemical Technology and
Metallurgy (UCTM) are categorized to systems engineering,
chemical technologies and metallurgy. Within the scope of the
system engineering course, the students study the course
"Automation and Information Technologies" (AIT). This year a new
course was introduced - namely "Engineering informatics" (EI). In
this paper we will discuss the discipline "Basics of the Artificial
intelligence" (BAI), which is included in these courses.

The rest of this paper is organized as following. The Training
program section is split on three subsections – Theory, Practice and
Examination, In the Theory, one briefly presents the content of the
theoretical part of the BAI course. The subjects covered in the
training material are presented. Short information about the content
of the theoretical lections is provided in a separate section called
Lections. Then in the subsection Practice, we describe the way we
organized the process of gaining of AI related practical skills. The
working places provided to the students are presented. The
examination options are mentioned in subsection Examination.

A course of Artificial Intelligence naturally fits into the Systems
engineering curriculum. At the same time, the valid mathematical
training, received by all students, makes it possible, this course to
be delivered to the other studying specialties.
As a starting point in the development of the BAI training
program, as included in the AIT and EI disciplines, we have
employed the Curriculum Guidelines for Intelligent Systems
provided by the Association of Computing machinery (ACM) and
IEEE Computer Society [1], [2].

2.

The training program: Theory

This part of the program includes a set of subjects, aimed to be
taught in auditoriums. The goal is the students to be provided with
some theoretical knowledge about the subject.

The guidelines for the content of the program for training on AI,
are included the section Intelligent systems, of the 2013 issue of the
ACM Curriculum Guidelines for Undergraduate Degree Programs
in Computer Science, [1].

The theoretical part of the BAI course includes the following
basic subjects:

Base concepts – intelligent behavior, problem solving the
concept of agent

Search strategies – problem formulation, heuristic, informed
and uninformed search. Knowledge collection.

Knowledge representation. Methods for collecting and storing
of knowledge.

Machine learning – which is defined [3] as methods to adapt to
new circumstances and to detect and extrapolate patterns.

Knowledge processing.

According to ACM, the AI should provide the human with
decisions related with:

sensing (e.g., speech recognition, natural language
understanding, computer vision),

problem-solving (e.g., search, planning),

and acting (e.g., robotics);

and the architectures needed to support them (e.g., agents,
multi-agents).
Also as a basis of the course, we have used the seminal book of
Russel and Norvig Artificial Intelligence: A modern approach
(AIMA) [3] – accepted as a standard in presenting the AI principles
and used as a fundament for more than 1400 AI courses all over the
worlds.

During the of the structuring of the BAI course, we followed
from one side – the agent-oriented approach, adopted by AIMA.
And from another the necessity this approach to be supported by the
appropriate mathematical tools. We tried to assure that the students
will receive a balanced volume of knowledge in the following three
areas:
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There are two general approaches to illustrate the taught
material – by using computer simulation and trough physical
devices. Despite its obvious advantages a serious drawback of the
usage of simulated objects is the lack of physical sense about the
behavior of the agent [18]. The development of the simulation
software as activity, evades the emphasis from the development of
the AI algorithms (collecting data and reacting accordingly) to the
attempts to increase the level of imitation of the real conditions (e.g.
friction, centrifugal force etc.) which is not the main goal.

Rational agents,
Search (including classification) methods,
Training methods.

The acquaintance with these three basic areas is supported by
introducing the basic terms, history, and AI theory as well as its
practical applications. This separation, which is big extend
corresponds to the directions where the AI follows at the moment,
will allow the students, interested in their development as scientists
to be able to choose the most appropriate for themselves area for
specialization.

The idea to use the robot just as a tool for illustration of the
behavior of a rational agent, by leaving enough space for
development AI related algorithms is reported in [10], [11].

The subjects are oriented to the apparatus, necessary to manage
the rational agents. In the same time it is supported by the
theoretical knowledge, received in UCTM during the general
courses on Mathematics, Physics, Electronics, taken during their
first and second year, and courses on Statistical modeling, Theory
of Automation etc.

Greenwald и Artz [10] provide a detailed description of their
experience in usage of a robot, developed by them, as an aide in
teaching AI. In their solution they use IR sensors to determine the
position of the robot. Additionally to the well-known fact that the
IR sensors have difficulties to determine transparent objects, the
authors notes that is the IR source is close and in the same time the
IR source also emit heat – the readings of the sensor will be affected
additionally.

A separate set of subjects to serve as a extension of the already
received mathematical knowledge we included also:

Mathematical logic,

Probability theory,

Linear algebra.

Rational agent
Following AIMA [3], where the rational agent is the basic
subject of the AI, as an illustrative tool we use a device, which is a
simplified model of autonomic car. The main idea is, during the
practical training, the students to develop AI algorithms (e.g.
machine learning) aimed to provide the car with the ability to avoid
obstacles.

Lectures
An outline of the lectures, which will be included in the BAI
discipline.

AI history, basic definitions

Agents – intelligent agent, environment

Uninformed search. Search strategies

Heuristic informed search

Adversarial search

Machine learning

Probabilities – motivated search, hidden Markov models

Logics – knowledge operating agents, logical agents

AI applications

Deep learning. Convolution networks, Generative adversarial
networks (GAN)

Robotics

The TinyML concept

Also, as long the agent represent a system of physical system
(the sensors and actuators); a cyber system (the model housed in the
PC); and the communications between the PC - the agent can be
considered as a cyber-physical system of systems [19], [20].
According to the definition, provided by AIMA [3], “agent is
anything that can be viewed as perceiving its environment through
sensors acting upon that environments through actuators”. AIMA
also provides an explanation of several types of agents: “A human
agent has eyes, ears and other organs for sensors and hands, legs
vocal tract and so on for actuators. The robotic agent might have
cameras, and IR range finders for sensors and various motors for
actuators. A software agent receives keystrokes, file contents, and
network packets, as sensory inputs and acts on the environment by
displaying on the screen …”( [3], page 34).

The AI theory in terms of applications, tools, concepts and even
taxonomy develops so rapidly, that the set of lectures most probably
will be reshaped significantly in the near future.

3.

If we consider that the acceptable behavior of the agent is to
avoid obstacles, then according to [3] a rational agent is an agent
which based on the received information acts in order to maximize
the result – for example to minimize the number of collisions.

The training program: Practice

In the traditional setup of the technology education, the students
should be provided with appropriately equipped laboratory, able to
provide an environment, where a direct contact between the teacher
and the students is provided. Also it should be possible some
theoretical or practical lessons to be presented. Apparently, this
environment should be open to online education methods.

Autonomous cars
Undoubtedly the autonomous cars become more and more
challenging field of application of AI. Considering the level of
autonomy one can classify them on six categories [21], [22] varying
from zero level – All functionality and systems of the car are
controlled by humans, to level five – The car is completely capable
of self-driving in every situation. The basic elements of an
autonomous car are as follows [23]:

Sensors;

Computer vision systems;

Driving system, made of computer engine and memory

A lot of experience, in the facilitating of the AI teaching was
accumulated in the recent years. This includes development of an
AI software able to play a game [4], inclusion of the science fiction
themes [5], involving the game theory [6]. The involvement of
robots is widely practiced in teaching robotics [7] as well as AI [8],
[9]. The experience of usage in teaching AI of Neural as well Bayes
networks is reported in [10], [11].
The technical solutions employed in AI teaching include the
readymade solutions of LEGO и Handy Board [7], [12]. The used
software usually is the one which is accompanying the respective
platforms – usually based on C and JAVA [7]. It was reported that
in Bryn Mawr College, UK [13] an entire training environment,
based on Python, [14], [15], [16] has been developed and
implemented. It is quite common the robots to be used (having price
200-250 USD), to be purchased by the students [14], [17].

At this stage of the development of the technology all elements
are mounted within the car. Only the systems used for observing the
condition and the position of the car are placed outside. There is
some progress towards taking out of its systems into a cloud. An
idea for placing the memory of the car into a cloud is discussed in
[24].
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Students’ individual working places

The output layer will consist of nodes, which corresponds to the
servo motors and respectively – the wheels.

As it was mentioned above, one of our goals is to build up a
system for AI teaching with minimal expenses, without affecting
the efficiency of the training as well its attractivity to the students.
Also we aimed not to be hooked with particular software or
hardware vendor. This is the reason why we have chosen to use
mainly free or open source software. Also, we decided to avoid that
the option, where the students are supposed to buy some of the
equipment (e.g [14], [17]). This will increase the expenses of the
students; they will buy equipment which probably will not be used
after the end pf the term. Also this will make us dependent of
particular supplier. The robots, which will be used by the students
are based on Arduino UNO R3 controller and are prepared in our
department. The ML software is prepared on Python 3.xx.

Training. The Student prepares a training filed, where some
obstacles are positioned. The agent is connected through Bluetooth
to the PC. The training mode is started.
The Student manages the agent to go through the training field
by directing it through the arow keys of the PC keyboard. The
student chooses the best way, the agent to avoid the obstacles, for
instance providing enough space the agent to make a turn and where
necessary to move backwards. Each step, which corresponds to a
particular turning angle of the motor, represents one measurement.
During each measurement the sensor readings (input data) and the
motor movements (output data) are recorded.

As we aimed to concentrate the students’ attention on the
development of AI algorithms, while the robot to serve just as
illustration, we choose a solution foe rational agent, where the
controlled object (actuator) is separated from the computing engine.

All data from the measurements are transferred to the PC, where
they are stored. In parallel the training of the Neural Net is
performed. An appropriate algorithm for adjustment of the weights
between the nodes is applied.

This is the reason why one of the elements of the autonomous
car – the computer and the memory is positioned outside the car in a
desktop personal computer standing nearby. In this way the
“passive agent” will possess only sensors and actuators, while the
“intelligent block” will be housed in the nearby PC. The connection
between the passive agent and the intelligent block will be
performed trough Bluetooth connection. The system “passive
agent” + “intelligent block” can be regarded as rational agent in the
meaning defined in [3]. From another side, the passive agents
conform with the SAE’s definition [22] of autonomous car of level
5. Where the computing and memory storage resources are housed
in a cloud.

In this way the student can perform several training tours, where
each tour has different ordering of the obstacles. In this way during
the training process the Neural Net accumulate a big volume pf data
containing different readings of the sensors and the respective
correct movements of the motors.

The passive agent will have some memory and computing
resources as long as they are provided with the Arduino UNO
hardware. The main computing power as well the Internet
connection will be stored as the “intelligent block” in the PC. The
PC will be used both as development station, where the models will
be developed, trained, and stored. The “passive agent” will provide
data through its sensors, the data will be transferred to the
“intelligent block”, then appropriate commands will be directed
back to the agent and its actuators.

The main goal of this exercise is the student to gain intuitive
understanding about the type and quantity of the data, the necessary
for training of an AI system. Also to get some practical skills about
the physics of the movement of the agent, friction of the wheels,
how important is the time for reaction, compared with the time for
data transmission between the car (agent) and the cloud (the
network in the PC) etc.

Usage. The student prepares new ordering of the obstacles. This
ordering should be used in the training phase. This is equivalent of
the testing phase in the Neural Nets training. The Agent is started in
working mode. The sensors start to provide data to the already
trained Neural Net, which in turn controls the motors of the wheels.
Depending of the commands the agent goes ahead, back or turns
left/right.

One can consider the organization of tournaments between the
students, where the time of training and the number of violated
obstacles can be scored.

The exercises will take place on individual working spots. The
students will be given tasks to develop, train and apply AI
algorithms, intended to manage the passive agents. Agents will
collect data during the training stage. These data will be stored and
manipulated in the PC. After that the trained models will control
and rule the agents.



As a concluding stage the accumulated knowledge and
experience can be communicated in after-class “group
conversations” [25], where the instructor can provide video
recordings of the tournaments, while te students can discuss and
share knowledge and opinions regarding the AI algorithms, their
efficiency, the difficulties of any kind etc.

The working spot is made of:
A personal computer with, equipped with AI development
tools, also it will keep the already developed AI algorithm (e.g.
Neural Net) and
A passive agent.

4.

The training program: Examination

An appropriate system for evaluation of the level of the
theoretical knowledge and practical skills, received by the students
should be provided too.

The working spot should provide enough space for movement
of the passive agent. The passive agents are constructed of a
platform, which houses wheels with servo motors, Ultrasound
sensor and Bluetooth communication with the PC. One can use four
or more Ultrasound sensors, directed around the platform, or one
sensor, which is continuously turning on 360o. Also, a
temperature/humidity/ Atmospheric pressure/ Height above mean
sea level is added to provide a way for calibration of the readings of
Ultrasound sensor.

The presented both theoretical and practical training programs,
allow different types of examination. They can be performed
separately or in combination

Classical written exam, where the student writes an essay on a
subject based on the themes included in the Lections presented
during the term.

Project based examinations, which include teamwork for
choosing and applying of AI algorithm, which will allow the
robot to avoid the obstacles.

Tournaments on robot training to handle particular scheme of
obstacles for a time, based on particular algorithm. In this case
the students should balance between the need of many data for
training and time necessary to perform the training. So, they
have to be creative in designing the training process;

An exersize
The goal is the students to get familiar with the process of
training and usage of Neural Network.
The input layer of the Neural Net will consist the readings of
the ultrasound sensor and the combined atmospheric sensor.
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7.

Essays on subjects, related with conceptual AI problems. E.g.
benefits of AI, threats from AI, moral and ethical issues, etc.

5.

8.

Conclusion

The paper presents a concept for a training AI program. The
concept is based on the ACM requirements for AI training as well
as the methodic described in AIMA [3].

9.

As a tool for illustration of the theoretical concepts, to facilitate
the gaining of practical and intuitive understanding of the AI
concept, the students are provided with low cost but effective
individual exercise spots. Each spot is equipped with a small robot,
a computer and an environment for development and usage of AI
tools.

10.

11.

12.

The teaching methodology described here also familiarizes the
students with a typical cyber-physical system, where the typical
components of the CPS are involved – computing, physical and
communication.

13.

Additionally, the student will receive base knowledge for some
of the specifics of the cloud architectures used in controlling of
autonomous cars.

14.

Contrary to the widely applied training programs, which include
robots, here the emphasis is put on gaining of practical experience
in the development and usage of AI algorithms, rather than usage of
the robots. In this case the robot, which is used as passive agent, is
employed as a demonstration tool.

15.
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Energy efficient conversion system of a distributed solar photovoltaic station with power
filtration function
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Abstract: The structural scheme of the distributed power supply system with the use of solar photovoltaic stations is presented. An algorithm
for the conversion of a solar photovoltaic power plant conversion system in the Matlab software environment has been developed and
implemented, which allows using a standard power topology to simultaneously implement two operating modes – renewable
energy generation to the mains and mains current shape correction.
KEYWORDS: PHOTOELECTRIC STATION, POWER SUPPLY SYSTEM, POWER FILTRATION, POWER THEORY, POWER FACTOR.
frequency-regulated electric drive is connected to the busbars of the
secondary winding of the mains transformer T (10 / 0.4 kV) through
the inductive choke Ls1 and the uncontrolled rectifier DR1. The
first harmonic of the mains load current of each phase is shifted
relative to the corresponding phase voltage by an angle φ. In the
spectrum of the mains current there are higher harmonics, multiple
pulses of the rectifier n = 6k ± 1, where k = 1, 2, 3… is the number
of the harmonic current. The combined electromagnetic effect of the
load units of all modules distorts the sinusoidal shape of the voltage
at the input of the transformer T.

1. Introduction
Significant interest in local power supply systems, whose
consumers use renewable energy in parallel with the power grid,
determines the list of issues related to the creation of
electromagnetically compatible converter systems adapted to
changes in operating modes and load parameters [1, 2].
Simultaneous use of several converters to implement these
functionalities, such as an inverter and a power active filter, is not
always economically justified. Therefore, the solution of such
complex problems should be considered through the creation of
new energy-efficient control algorithms for semiconductor
converters with standard topological structures [3, 4].
The operation of photovoltaic solar stations in parallel with the
mains is regulated by standards for the quality of electricity at the
point of connection. In local power supply facilities, this problem is
most acute due to the impact not only of the solar power plant, but
also the modes of operation of the consumer on the quality of
electricity [5, 6]. Most mains power inverters on the market of
converter equipment for photovoltaic plants are not designed to
solve this complex problem [7, 8]. This is a significant disadvantage
of underutilization of the converter equipment, because the
topologies of the power part of the transistor voltage inverter and
the power active filter coincide.
Solar photovoltaic plants are becoming widespread in both the
industrial and domestic sectors. Increasingly, photovoltaic stations
with a nominal capacity of tens or hundreds of kilowatts appear
nearby or on the territory of industrial enterprises [9, 10]. Among
the objects of power supply can be distinguished a group of
industrial power consumers of significant capacity, characterized by
stationary modes of operation. The load schedule of such consumers
changes slowly over time. These power supplies usually cause
distortion of the power supply settings. To eliminate their impact on
the network and the work of other consumers use passive and active
filter-compensating devices. On the other hand, the converter
equipment of photovoltaic solar power plants is usually selected
with a certain margin for current and voltage and is designed to
operate in maximum generation mode, which corresponds to the
maximum solar insolation for the climate zone where the power
plant will operate. For a temperate climate zone during the year, the
maximum solar insolation is achieved in isolated cases, which
indicates the potential for additional use of conversion equipment as
a filter-compensating device [11, 12].

Fig. 1. Block diagram of the power supply system
The solar photovoltaic station is based on an array of
photovoltaic modules PSP1, energy-intensive storage ES1,
capacitor C1, hybrid inverter VI1 and L-C-L output filter, which is
formed by connecting capacitor batteries Cf1 in the gap inductive
chokes Lf1-L. A responsible load (RL) is additionally connected to
the common power bus. The converter system of the power plant
consists of a step-up pulse converter, which performs the function
of tracking the maximum power point (MPPT1), battery charge
converter (DC / DC1) and voltage inverter (PI / PAF1). Part of the
power circuit of the converter system from the capacitor bank in the
DC circuit to the power supply network structurally corresponds to
the parallel circuit automatic control system (ACS).
Distributed power supply system with a solar photovoltaic
plant according to the structural scheme under consideration, is able
to implement the following modes of operation:
– energy generation by the photovoltaic station to the power
supply network under stable operation of power and responsible
load;
– power filtration of mains current with stable operation of
power and responsible load;
– energy generation by the photovoltaic station to the power
supply network with simultaneous filtration of the mains current
with stable operation of the power and responsible load;
– autonomous power supply of the responsible load from the
photovoltaic station;
– autonomous power supply of the responsible load with
partial power supply of the power load from the photovoltaic
station.

2. Block diagram of the power supply system
The block diagram of the distributed power supply system
using solar photovoltaic stations is shown in Fig. 1.
The circuit is composed on a modular principle, consisting of a
certain number of cells (Module 1 – Module N). Each module is
formed by connecting a power load, such as a technological
industrial installation with a frequency-controlled electric drive and
a solar photovoltaic station. The rated load capacity of each unit is
greater than the rated capacity of the power plant (PLn > Psbn).
Consider the structure of the first module. The converter of the
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Additional modes of operation of the distributed power supply
system under consideration are the modes associated with the use of
energy-intensive storage of photovoltaic power plants to equalize
the daily load schedule of the transformer station with stable
operation of power and responsible load.
The multifunctionality of the transformer system of a
distributed solar power plant is realized on the basis of an algorithm
based on the transformations of the modified p-q-r power theory
[13, 14]. The block diagram of the control system, which explains
the operation of the algorithm, is shown in Fig. 2.

current component ILp along the axis p, the mismatch of the voltage
signal on the capacitor in the DC circuit relative to the task (Uc*)
and signal mismatch drive relative to the task current (Ies*). The
first two signals are typical for the operation of the ACS, and the
third signal – for the operation of the inverter.
If the power plant operates in the mode close to the maximum
generation, the input of the task unit receives a signal on the
generation current only from the last controller, ie the converter
works as a standard mains inverter, giving energy to the industrial
network [16, 17].
2
I es
 I c2  I es max ,

(3)

where Ies – the current generation current corresponding to the
discharge current of the drive; Isbmax – maximum generation current.
As soon as inequality (3) is executed, the compensator current,
the comparator C is switched and the task signal for the
compensator currents is added to the task signal by the generation
current:
Ic 

Fig. 2. Block diagram of the control system
of the conversion system
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After phase-by-phase subtraction of the task currents from the
load currents, taking into account the feedback on the power plant
currents, we obtain the task signals on the power plant currents:
i*pva  iLa  ia*  i pva 
*  

*
i pvb   iLb  ib  i pvb 
i *   i  i *  i 
 pvc   Lc c pvc  .

t T

 iLp dt

(7)

3. Simulation of the Microgrid system in the
Matlab software environment

(2)
which corresponds to a constant flow of energy from the power
supply to the load.
The input of the switch S, which is switched by the comparator
C, receives an average signal of the load stump along the axis p.
In the combined mode of operation of the photovoltaic plant
and ACS, the reference signal on the current vector along the axis p
is formed by three virtually independent components: the DC
t

 iL  I Lp dt

i* 
*
 *  I Lp
i   u
 0
 i* 
 0

At sinusoidal symmetrical voltages of the power supply
network, the direction of the vector iLp coincides with the direction
of the vector us.
After averaging the current trajectory iLp on the period of
recurrence T we obtain the average value of the load current along
the axis p:

1

T

t T

The value of the maximum generation current is limited by the
characteristics of the transistor modules of the output inverter [18,
19].
The calculated components are current problems along the axis
p in the spatial coordinate system p-q-r. To receive them at the
input of the PWM-generator, need to perform two inverse
coordinate transformations: p → αβ0:

The block diagram follows the principle of forming problems
by phase currents after standard transformations of p-q-r theory
coordinate systems and provisions of cross-vector theory, except for
adding a separate node with feedback on the constant component of
the discharge current of the drive Ies. The input of the control
system receives signals from the voltage sensors installed on the
low voltage buses of the transformer ua, ub, uc, and load current
sensors iLa, iLb, iLc. Above the signals received from the voltage
sensors, standard Clarke transformations from Cartesian abc to αβ0
coordinates are performed.
Using the provisions of cross-vector power theory, the
modules of the spatial vectors of the mains voltage and load current,
as well as the cosine of the shear angle between these vectors by
ratios are calculated.
Multiplying the modulus of the load current vector by the
value of the cosine of the shear angle allows to calculate the value
of the modulus of the load current vector along the axis p of the
spatial rotating Cartesian system p-q-r [15]:

iLp  iL  cos .

1
T

,

To test the control algorithm of the converter system of a solar
photovoltaic station, which is able to implement multifunctional
modes of operation of the power supply system, a Matlab model of
a distributed power supply system was synthesized (Fig. 3).
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Fig. 3. Matlab-model of a distributed power supply system with a solar power plant
The scheme of the power supply system corresponds to the
block diagram in Fig. 1 and is a three-phase three-wire network of
sinusoidal voltages (effective value of linear voltage – Ul = 380 V,
frequency – f = 50 Hz, inductance – Ls = 28 µH, active resistance –
Rs = 0.36 Ω), from which through a constant circuit the current
generated by the three-phase uncontrolled rectifier is fed by a
frequency-regulated drive with a nominal power of PLH = 300 kW
with the inductance of the inlet reactor Ld = 75 µH. At the points of
joint connection of loads through the power three-phase voltage
inverter, the solar photovoltaic station Solar Station is connected to
the network with nominal power PsbH = 100 kW (voltage in the DC
circuit – Uc = 770 V; input capacitor capacity – C = 0.594 mF;
output filter inductance – Lf1 = 21 µH, Lf2 = 21 µH, the capacity of
the output filter – Cf = 36,8 µF).
The structure of a solar power plant is based on a detailed
mathematical model of a photocell, the set of which forms a solar
photomodule with real technical characteristics. The connection of
the same type of photomodules forms a photoelectric array.
The voltage inverter is made according to the bridge circuit on
IGBT modules with reverse diodes [20]. Battery and input filter
capacitor are connected to the converter circuit (rated voltage –
UesH = 670 V; rated capacity – CH = 300 Ah; maximum capacity –
Cmax = 300 Ah; full charge voltage – Ufc = 779 V; rated discharge
current – Ids = 130 A, internal resistance – Res = 0.0223 Ω). On the
side of the three-phase power supply, an output filter is connected,
which is formed by two sections of inductive reactor batteries, in
the gap of which a capacitor battery Сf is connected, the phases of
which are united in a "triangle".
The performance of the proposed algorithm can be verified by
performing a sequential transition from the uncompensated mode of
operation of the consumer to the compensated, and then to the
integrated mode, which combines the operation of the ACS and the
energy generation of the renewable source.
Operating oscillograms obtained in steady state for each of the
three options for the operation of a distributed power supply system
are shown in Fig. 4.
In Fig. 4, a and it is seen that the uncompensated load current
has a non-sinusoidal shape characteristic of the operation of an
uncontrolled three-phase rectifier.
After the ACS connection, the shape of the phase current is
almost sinusoidal and coincides in phase with the corresponding
voltage (Fig. 4, b).
After connecting a solar photovoltaic station, the amplitude of
the first harmonic of the mains phase current decreases in
proportion to the discharge current of the storage Ies (Fig. 4, c),
which indicates the combined power supply load from the network
and the solar power plant.

a

b

c

d
Fig. 4. Oscillograms of mains voltage and current phase A:
а – uncompensated load current; b – ACS connection;
c – connection of a solar photovoltaic station;
d – load current compensation mode
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The THD of the rectifier without the correction mode and with
the power factor correction mode is shown in Fig. 5.

a

b

Fig. 5. THD rectifier:
a – without power factor correction mode;
b – with power factor correction mode
According to the simulation results, the combined operation of
two regulators – the voltage regulator on the capacitor and the
current regulator of the storage discharge has little effect on their
stability due to the fact that the voltage on the capacitor is
maintained by a constant additional charge controller. If equation
(1) is executed in the generation mode, then the comparator is
switched and the load current compensation mode is added to the
generation mode (Fig. 4, d).

4. Results and discussion
An algorithm for the conversion of a solar photovoltaic power
plant conversion system has been developed and implemented in
the Matlab / Simulink software environment. When implementing
the algorithm, the use of a modified p-q-r theory of power is
proposed, which allowed to significantly reduce the number of
calculations of the microcontroller system of autoregulation.

5. Conclusion
Verification of the algorithm on the synthesized simulation
model of the cell of the distributed power supply system confirms
the correctness in a wide range of changes in the parameters of the
load and the generation current of the renewable source.
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Abstract: As a result of the global pandemic situation COVID-19 many rural areas in Albania are suffering and will more especially the
lack of internet services have engaged in development and cultivation of knowledge in the education sector, responsible in building a safer
and more caring community. Even more Albania is indexed as a European country that still continue to experience the lowest rate userpenetration of internet especially in remotes areas. Despite its widespread use in urban areas, a very significant portion of the rural
population still isn’t connected to the internet. Immigration of the population from rural toward more urbanized areas and lack of reliable
electricity supply and infrastructure are the main problems that hinder investors to offer internet services in remote regions. The
performance analysis of a solar PV power plant is important aspect as far as concern with technology and economic analysis. Due to
seasonal variation standalone system can't provide a continuous power supply. Therefore, in recent years PV energy systems that combine
solar energy and other conventional conversion units are becoming promising more popular, efficient to fulfill load demand and
representing a cost-effective technology.
KEYWORDS: PV, INTERNET ACCESS POINTS, WIRELESS ACCESS POINTS, RETSCREEN EXPERT

1.

requirements for profitability or cost-effectiveness and therefore
merits the more serious investment of time and resources required
by a feasibility analysis. Photovoltaics (PV), also called solar cells,
are electronic devices that convert sunlight directly into electricity.
The modern solar cell is likely an image most people would
recognize – they are in the panels installed on houses and in
calculators. They were invented in 1954 at Bell Telephone
Laboratories in the United States. Solar PV installations can be
combined to provide electricity on a commercial scale, or arranged
in smaller configurations for mini-grids or personal use. Using
solar PV to power mini-grids is an excellent way to bring
electricity access to people who do not live near power
transmission lines, particularly in developing countries with
excellent solar energy resources.
The cost of manufacturing solar modules has plummeted
dramatically in the last decade, making them not only affordable
but often the cheapest form of electricity. As a result, PV is one of
the fastest-growing renewable energy technologies, and is ready to
play a major role in the process of electricity transition. Solar
panels have a lifespan of roughly 30 years, and come in variety of
shades depending on the type of material used in manufacturing.

Introduction

Due to the spread of the Covid-19 pandemic situation, many areas
in our country experienced social isolation and also "computer
isolation", complicating the process of on-line teaching in the
education sector especially in many remote areas of our country. It
is reasonable that internet access reduces social and economic
inequalities, generating more jobs and providing a competitive
advantage to international businesses. The increase of internet
coverage and related services in all countries of the world is one of
the key points of economic development of societies. In Albania,
as it has happened in many countries around the world, the
government authorizes according to a well-planned strategy private
investor to provide broadband internet access throughout the
country. The need for internet signal is not only in urban areas but
also in remotes areas with a significant distance from the urban
access points then the wireless network technology is inevitable.
This article presents a concrete Hybrid - PV off-grid system
planning to be developed by an Albanian company to provide
internet signal in Bulqiza District, part of Northern Albania. One of
the challenges of the local internet company was how to provide
energy to the locations where the Internet Access Point Antennas
would be placed as there were key points for installation, but it was
impossible to provide electricity access from the local distribution
network. In the post-communist period, though, energy exports
fell, and internally Albania suffered from inadequate electrical
service especially to large areas of the country. At present, 21st
century, chronic energy shortages in Albania are evidenced and
totally unaccomplished to requirements for a reliable energy
system. In face of the investments executed and others in progress
again the problem remains unresolved. Another critical problem is
the level of technical and non-technical losses which still are
introducing imaginable values leading to very low standards of
energy system services and performance.
In the other hand the depletion of fossil fuel and the negative effect
on the environment as well as the potential techno-economic
merits of "hybrid combinations" identified as a good solution
moving towards reliable and more feasible energy systems based
on renewables [1]. As the need for clean, sustainable energy
increases, and renewable technologies get ever more advanced,
more projects had been developed in greater sizes and
complexities, including on-grid and off-grid solutions based on
renewables. A renewable energy project in remotes areas is
performed in a real case study [2].
Firstly, a quick and inexpensive initial examination is performed
on the pre-feasibility analysis which will determine if the proposed
project presents a good chance of satisfying the proponent’s

1.1 Site background and weather information.
The territory of Albania lies in the western part of the Balkan
Peninsula, with a long coastline, Adriatic and Ionian Sea running
along the western part of it. It is located at the latitude of 39o38'42o38' and longitude of 19o16'-21o04’. Fortunate to this
geographical position, Albania belongs to the Mediterranean
climate zone with hot and dry summers, with long sunny days from
an average of 240-260 to a maximum of 280-300 days a year and
mild winters with abundant rainfall. The Hydro-Meteorological
Institute has declared weather data based on the climatologicalstatistical treatment of actinometrical and heliographic information
for the assessment of the territorial distribution of solar radiation
(see graph in figure 3 and table 1). In our case study the installation
place will be located in Bulqiza district between the villages of
"Ostren i Vogël" and "Trebisht" (41°25'37.1"N and 20°30'29.6"E)
as it is shown in the map in figure 1. The area has an altitude of
847m above sea level and the measured average annual air
temperature results 11.4oC. Atmospheric mean pressure value and
wind velocity measured at 10m altitude results 92.7kPa and 2.7ms1. This location is selected as a strategic point for full signal
coverage of both villages in the area.
The main problem is tied to the distance of electricity supply from
the national distribution grid. The energy that would be needed to
power the equipment was the 24V, DC current.
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hydropower. Despite decelerating growth due to recent policy
changes and uncertainties in China (the largest PV market), 2019
was identified as the year of record growth of total PV capacities.
By the end of 2019, over 580 GW of solar PV plants had
been installed, worldwide. About 98 GW of newly installed
capacities of PV plants were commissioned in 2019 [6]. As
competitiveness continues to improve, solar PV is still on track to
reach the levels envisioned in the SDS, which will require an
average annual growth of 15% in the way to 2030 [7].
Considerable interest in RES and significant increases in cost of
imported oil and very frequent services of related technologies
have compelled various countries to search for low-cost energy
sources. This must be met by improved technologies hybrid
combinations such as wind turbines, PV and synergies between
different energy systems. Photovoltaics (PV) is a key technology
option for a decarbonised and sustainable power sector and of
course limiting the global average temperature rise to 1.5oC to
achieve carbon neutrality by 2050 [8]. Most of those options rely
on renewable necessarily supported from energy storage systems
(ESS) [9]. The electricity sector in our country remains the
brightest spot for RES with the strong growth of solar
photovoltaic's and wind energy in recent years, already a
significant contribution comes from hydropower plants. Electricity
accounts for only a fifth of global energy consumption, and the
role of RES in the transportation and heating sectors remains
critical to the energy transition [3]. Despite significant steps
forward in some African's countries such as Kenya, Ethiopia and
Rwanda are evaluating off-grid PV model as a fast and feasible
solution to supply more than 600 million residents suffering access
to electricity in sub-Saharan Africa [10].

Figure 1: The location Instalation's point of the "Internet Access
Point Antenna", covering both villages "Ostren i Vogël" and
"Trebisht"
So, at this point it was achieved to provide power from the
integrated photovoltaic panel but the other challenge was that the
panel provides power only on sunny days and not during night
hours. To resolve this weak point of PV systems, the storage
energy system (ESS) composed of a set of batteries in parallel will
be used to provide energy to the access point antenna in optimal
conditions. The batteries should be charged to a certain size
managed and scheduled by integrating a controller in the PV Genset - Battery system.

1.2 Renewable Energy Resources, Global RES Policies
and Albanian RES initiative
Renewable energy sources, including solar, wind, hydro, biofuels
and other future renewable sources are at the centre of the energy
transition towards a less carbon-intensive and more sustainable
energy system [3]. Solar energy has played a significant role in the
last decade in the process of energy transition in many countries
worldwide. Solar photovoltaic has attracted massive amount in the
global power sector investment over the last couple years,
especially in EU-28 countries. To reduce import of electricity,
improve its security of supply and to attain the Paris Agreement,
the responsible ministry and its sub-ordinate institutions has
approved the "The National Energy Strategy 2018-2030",
consisting on 6 possible scenarios of energy's transition process
toward sustainable and reliable energy by shifting Albania to
decentralized renewable energy market, and energy efficiency.
According to this strategy, the share of RES is intended to reach a
target of 42% of the total energy consumption in 2030 as actually
this contribution is approximately 30%. The first goal can be
achieved by large scale integration of RES capacities, especially
wind and PV generation capacities [4] The RES share in global
electricity generation reached almost 27% in 2019, renewable
power as a whole still needs to expand significantly to meet the
SDS share of almost half of generation by 2030. This requires the
rate of annual capacity additions to accelerate [3]. The second goal,
compared to the baseline scenario in 2016, should be fully in line
with EU objectives, its commitment is to reach a reduction of
11.5% of CO2 emissions by the end of 2030. Under the pressure of
an increased awareness related to environmental issues,
technological progress and the liberalization of the energy market,
in the last 15 years has been rapid progress in the development of
wind and solar exploitation technologies in Albania [4].
Nevertheless, according to [5] the total annual energy consumption
in Albania is 24TWh/year, meanwhile electricity occupies only
31% of its total, which is provided from domestic hydro sources,
60% (389.15ktoe) and the rest is imported in the regional energy
market (250.66 ktoe) (ERE, 2018). The leading sector in electricity
consumption is the residential sector which occupies around 55%
of the total national electricity consumption and the rest belongs to
the industrial, services and other sector of the economy. Globally,
RES, especially solar PV generation increased 22% (+131TWh) in
2019 and makes the second-largest absolute generation growth of
all RES technologies, slightly behind wind and ahead of

2.0 PV electricity generation: Off - Grid applicability
Solar PV offers better benefits and reliable solutions for consumers
in rural areas who do not have access to the electricity grid [11],
[12]. Another study [13] has shown that the economic benefit is
assessed based on the LCOE which represents a good starting point
to compare benefits and competitiveness of different technologies.
In the work developed by [14] PV systems are a cost-effective
option in small off-grid applications, providing power, to rural
homes in developing countries, especially to provide power to
remote telecommunications and IoT systems worldwide. The
studies have demonstrated that a solar PV module combined with
diesel engine (hybrid) has relatively lower LCOE than a pure
diesel generator-only. The IEA estimates that to achieve the goal
of universal electricity access, 70% of the rural areas that currently
lack electricity will need to be connected using mini grid or offgrid PV concept. Photovoltaic (PV) system is a combination of
photovoltaic module, electric power converters, and storage
devices. PV systems are composed of photovoltaic cells, usually a
thin wafer or strip of semiconductor material, that generates a
small quantity of current when sunlight strikes them. These power
systems are relatively simple, modular, and highly reliable due to
the lack of moving parts. In our work the PV array is combined
with fossil fuel-driven engines (Genset) as it is shown in figure 2.

Figure 2: The proposed schematic configuration of a typical
hybrid off-grid PV system. Three (3) Access Point Antenna
installed in the site.
219

"INDUSTRY 4.0" ISSUE 5/2020

systems providing important weather data which can easily
accessed into RETScreen Expert energy model. These data include
long-term climatologically averaged estimates of meteorological
quantities and surface solar energy fluxes.
The variation of the average daily solar radiation referring 20182019 for the proposed installation place is presented in figure 3.

Off-grid applications include both stand-alone systems, and hybrid
systems, which are similar to stand-alone systems but also include
a fossil fuel generator (Genset) to meet some of the load
requirements and provide higher reliability, as shown in Figure 2.
The most significant share of the total capital cost is related to the
expenses of the storage energy system (EES), which makes one of
the most significant components in LCOE evaluation. According
to [14],[15],[16] battery cost is predicted to be reduced to more
than 60% by 2030 [9]. Consumers using solar PV technology are
in the spotlight of some additional benefit from reduced
externalities cost caused by greenhouse gas emissions from diesel
and other fossil fuel powered generators [13] but this issue is well
explained in our next scientific paper.
Solar energy is one of the greatest attractions among the renewable
energy resources used for electrification. Photovoltaic systems can
be installed at any place where sufficient energy potentials are
available. To quantify the potential value of technological
advances to the photovoltaics sector [17], examines the impact of
changes to key PV module and system parameters on the levelized
cost of energy (LCOE).

NASA_Daily solar radiation (kWh/m2/d)
Institute of Hidro-Meteorology_Daily solar radiation (kWh/m2/d)
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Figure 3: Average daily solar radiation (kWh/m2/d) measured at
proposed site.

3.0 Energy model selection
PV projects so far have been easily applicable for on-grid level
including both central-grid and isolated-grid PV systems. In this
work the off-grid applicability of the PV project considering standalone (PV-battery) and hybrid (PV-Battery-Genset) systems is
investigated (see figure 2). Thus, an accurate methodology
comprehending in-depth analysis of the benefits must be applied
and always required. In fact, actually, there are several models
available for conducting a technical and financial viability analysis
of potential energy projects. RETScreen Expert a clean-energy
awareness, decision-support and capacity-building tool [18] is
chosen. The core of the tool consists of standardized analysis that
can be used to evaluate the energy production, life-cycle
costs and GHG emission reductions for various types of
renewable energy technologies (RETs). RETScreen Expert uses a
computerized system with integrated mathematical algorithms and
top to bottom approach. RETScreen Expert energy tool requires
less detailed information and less computational power. For
instance, other models like EnergyPLAN, use an hourly
distribution over a yearly period producing 8784 individual values,
whereas RETScreen Expert uses the monthly average GSR levels
with only 12 values (refer figure 3). A comparison between
RETScreen Expert tool and more in-depth models using hourly
values showed that they produce very narrower yearly results, less
than 5% differences are evidenced [3], [19]. The RETScreen
energy tool is still in a continuous improvements process to
subjugate the barriers to clean energy technology implementation
especially at the preliminary feasibility stage.
By selecting the site location on the map, RETScreen Expert
model automatically generates data and information on several
important climate indicators. PV plant location is strongly
influenced by many factors as the spreading waveform and
strength of the internet signal is deterministic. First is analyzed the
capacity and structure of 5 (see table 2) various PV technologies
and then is selected the most suitable module, as matching the
recommendations and global trends. This selection is made taking
into account both technical and economic context of various PV
technology cell, influenced from solar radiation potential in the
area. Methodology 2 to actualize the techno-economic analysis is
chosen [3.]. Firstly, it is required to set into the model the values of
the respective solar potential in the area which may be represented
by the monthly average values (figure 3).

The average daily solar radiation (kWh/m2/d) and mean air
temperature in the graph in figure 3 is presented. The highest
values are observed during the summer season of the year, while
the lowest values fall in the winter months. Respectively, the
highest solar radiation value of 6.98 kWh/m2/d is attained in July,
while the lowest value 1.54 kWh/m2/d hits in December. The
annual mean solar radiation and temperature values offered by
Albanian Institute of Hydro-Meteorology for the chosen location,
Bulqiza district, is defined by an average solar radiation of 3.72
kWh/m²/d resulting 11% lower than that obtained by the model.
Table 1: The site-specific solar energy data. Bulqiza district.
[Solar database and PV software©2019 Solargis]
Specific photovoltaic power PVOUT 1357
kWh/kWp
output
specific
Direct normal irradiation
DNI
1502
kWh/m2
Global horizontal irradiation
GHI
1503
kWh/m2
Diffuse horizontal irradiation DIF
616
kWh/m2
Global titled irradiation at GTI
1728
kWh/m2
optimum angle
opta
Optimum tilt of PV modules
OPTA
34/180 o
o
Air temperature
TEMP
11.3
C
Terrain Elevation
ELE
847
M
From Global Solar Atlas, energy planers can generate suitable site
information for preliminary studies in EU-28 countries [21], as
they consider default values for many factors that are important for
a design of a photovoltaic system. For more professional and
detailed estimation it is used RETScreen Expert tool that allow
configuration of the proposed RETs projects using more detailed
solar and weather data as primary inputs to the simulation (figure
4).

3.2 Basics of Solar Energy Theory
Before entering into the details of the PV model, it will be useful to
review briefly some basic concepts of solar energy engineering.
Many of the variables derived in this section will be used in several
parts of the model. For the most part, the equations in this section
come from a standard textbook on the subject, Solar Engineering
of Thermal Processes, by Duffie and Beckman (1991), to which
the researchers can address various technical aspects.

3.1 Solar Power Potential at the proposed site location
The initial step of the plant design is to evaluate whether the site is
adequate or not for fulfilling the system's energy demand
throughout the year. Designing the PV plant starts with the
evaluation of some parameters that are considered important in
recent years to use solar for power generation. Based on [20] and
its Earth Science research program has long supported satellite

3.2.1 Declination
The declination is the angular position of the sun at solar noon,
with respect to the plane of the equator. Its value in degrees is
220

"INDUSTRY 4.0" ISSUE 5/2020

given by Cooper’s equation:




  23.45sin  2

284  n 

365 

Table 2: PV module characteristics for standard Technologies.
PV module type
NOCT (oC)
 (%/oC)
 (%)

(1)

where n is the day of year (i.e. n=1 for January 1, n=32 for
February 1, etc.). Declination varies between -23.45° on December
21 and +23.45° on June 21.
3.2.2 Solar hour angle and sunset hour angle



13.0
11.0
5.0
7.0
7.5

45
45
50
46
47

0.4
0.4
0.11
0.24
0.46

The equation above is valid when the array’s tilt is optimal (i.e.
equal to the latitude minus the declination). If the angle differs
from the optimum the right side of equation (15) has to be
multiplied by a correction factor Cf defined by:

The solar hour angle is the angular displacement of the sun east or
west of the local meridian; morning negative, afternoon positive.
The solar hour angle is equal to zero at solar noon and varies by 15
degrees per hour from solar noon. The sunset hour angle ωs is the
solar hour angle corresponding to the time when the sun sets and
given by equation 2:

s   tan tan 

p

r

Mono - Si
Poly - Si
a-Si
CdTe
CIS

C f  1  1.17  104  sm  s 

2

(16)

where sM is the optimum tilt angle and s is the actual tilt angle,
both expressed in degrees.

(2)

represents the latitude of the site specified by the user.

3.2.10 Off-Grid Model

3.2.3 Extraterrestrial radiation and clearness index

Off-grid renewable power can come from a variety of sources,
ranging from large isolated power grids to solar lights and solar
home systems. In addition to households, off-grid renewables
provide power for water pumping, street lighting,
telecommunications towers, rural schools and clinics, as well as for
remote commercial and industrial facilities and other uses [22].
The off-grid model represents stand-alone systems with a battery
backup, with or without an additional genset. The conceptual
framework of the model is shown in Figure 4. Energy from the PV
array is either used directly by the load, or goes through the battery
before being delivered to the load. The remainder of the load is
provided by the genset if there is one, that is, stand-alone and
hybrid systems differ only by the presence of a genset that supplies
the part of the load not met directly or indirectly by photovoltaics.

Solar radiation outside the earth’s atmosphere is called
extraterrestrial radiation. Daily extraterrestrial radiation on a
horizontal surface, H0, can be computed for day n from the
following equation:

Gsc 
n 
)
 1  0.33cos(2
 
365 
(cos cos  sin s  s sin sin  )
H 0  86400

(3)

where Gsc is the solar constant equal to 1,367 W/m2, and all other
variables have the same meaning as explained in equation 1 and 2.
Before reaching the surface of the earth, radiation from the sun is
attenuated by the atmosphere and the clouds. The ratio of solar
radiation at the surface of the earth to extraterrestrial radiation is
called the clearness index, defined in equation 4:

KT 

H
H0

where

H

(4)

EA

Fuel

is the monthly average daily solar radiation on a

horizontal surface and H 0 is the monthly average extraterrestrial
daily solar radiation on a horizontal surface. K T values depend on
the location and the time of year considered; they are usually
between 0.3 (for very overcast climates) and 0.8 (for very sunny
locations).

3.2.8 Calculation of average efficiency
The array is characterized by its average efficiency, ηp, which is a
function of average module temperature Tac:

 p  r 1   p (Tc  Tr 
where

r is

Charge
controller
efficiency (ηc)

Charger
efficiency
(ηR)

Battery
efficiency
(ηb)

E'A

(14)

Battery
efficiency
(ηb)

the PV module efficiency at reference temperature

Tr(=25°C), and  p is the temperature coefficient for module

EG

efficiency. Tc is related to the mean monthly ambient temperature
Ta through Evans’ formula (Evans, 1981):

NOCT  20
Tc  Ta   (219  832 K t )
800

Genset
efficiency (ηG)

Fraction PV
(fPV)

ED

EB

Load

(15)

where NOCT is the Nominal Operating Cell Temperature and Kt
the monthly clearness index.

r , NOCT and  p depend on the

Edeliv

type of PV module considered. Such values can be manually
entered into the model, but for ―standard‖ technologies, assumed
values are given in Table 2.

Figure 4: Flowchart for PV Off-Grid Model.
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QU  QB f B
where f B (TB , r ) is

3.2.11 Load calculation
The user specifies the total DC demand, DDC, and the total AC
demand, DAC (both are expressed in kWh/d). AC energy demand is
converted to a DC equivalent by dividing its value by the inverter
efficiency. Hence the total equivalent DC equivalent DDC,equ is:

DDC ,equ  DDC 

DAC

inv

(derived from CANMET, 1991). The average discharge rate is
taken as 24n where n is the number of days of autonomy. Energy
delivered by the genset is simply the difference between the load
and what can be provided by the PV array, either directly or
through the battery:

(20)

EG  L  ED  EB
generator cannot deliver more than

CG is

m3/d, is simply:

QG 

(22)

(30)

accounts for the fact that most of the energy from the genset will
be stored in the battery before reaching the load.
4.1 PV array - Battery - Genset scaling
The sizing methodology of the PV generator and other system
components depends on various parameters such as the desired
solar fraction or whether it is an autonomous unit or gridconnected. The components’ capacity depends on site specific
restrictions, budget limitations and the objective of the PV
hybridization. There are general design recommendations. The
optimum orientation of a PV array in the Mediterranean region
throughout the year is to face south. However, the selected
orientation depends on other considerations such as the consumer’s
load profile. Sizing the system component's results in rough
estimations of the capacities required, but the final design will be
influenced by the available products in the market, the connection
of the equipment and the site-specific climatic conditions. For
stand-alone systems, the array is sized so that its output as defined
previously is greater than 1.2 times the load for all months of the
year. For hybrid system, the suggested array size is 25% of that for
the stand-alone system; in addition the size is capped so that the
array never provides more than 75% of the load. Battery sizing is
based on the desired number of days of autonomy. If L is the
equivalent DC load, n the number of days of autonomy and d the
maximum depth of discharge, the usable battery capacity should
be:

(23)

The energy delivered directly to the load is therefore:
(25)

and the energy delivered to the battery is:
(26)

4.0 Energy going through the battery
The fraction of the load that a system with battery backup will
provide depends on two variables: the array size and the battery
size. Loss of load probability (LOLP) represent the probability of
the system which fail to meet. There are many methods for LOLP
calculation such as Bucciarelli (1986) and Klein et al. (1987)
and Markov transition matrices more complicated method.
Unfortunately none of these are suitable for RETScreen energy
model. In this regard a practical approach was introduced by
employing a number of computer simulations for a dummy standalone system with night-only load where WATSUN-PV model was
chosen. The survey was applied in different array sizes and battery
storage capacities from one to six days.
The average battery efficiency during the simulations, as revealed
by an analysis of all simulation results, was at 85%. The array/load
ratios were multiplied by this quantity to reflect the loss of energy
in the batteries, the idea here being that, since all the energy
delivered to the load has to go through the battery first (night-only
load), the effective energy produced by the array has to be reduced
by battery inefficiencies.

E ' A  ( E A  ED )cb

EG

 R G  b
where  G is the average Genset efficiency. The presence of the
battery efficiency,  b , in the denominator of equation (30) simply

where EA is the energy available from the array; and the energy
delivered to the matched load is:
(24)
Ematched  min( Dmatched , E A  Econtinuous )

E A  ED

the capacity of the generator in W, and  R the charger

The energy used by the Genset, QG , expressed either in L/d or

3.212 Energy breakdown
The energy delivered directly to the continuous load is given in
equation 23:

ED  Econtinuous  Ematched

24CGR Wh per day, where

efficiency.

where Dcontinuous is expressed in Wh and Pcrit is expressed in W.

Econtinuous  (1  ) E A

(29)

This quantity is capped by the actual size of the generator, i.e. the

where:
Dmatched is the part of the demand that is met directly by
the PV modules whenever there is enough energy produced;
Dcontinuous is the part of the demand that is constant throughout the
day; and Dbattery is the part of the demand that will be met primarily
by the battery.
Note that Dcontinuous will be met either directly by the PV modules
(during the day when there is enough sunshine) or through the
battery (at night, or when there is not enough sunshine). The
critical PV absorption level P crit, defined as the load corresponding
to the constant energy demand:

Dcontinuous
24

the usable fraction of capacity available,

which depends on battery temperature TB and on discharge rate r

where ηinv is the efficiency of the inverter which in our case study
is assumed 0.98.
The final result of this calculation is a division of the DC
equivalent electrical demand in three elements (eq.21):
(21)
DDC ,equ  Dmatched  Dcontinuous  Dbattery

Pcrit 

(28)

QU 

Ln
d b

(31)

where  b is the battery efficiency. As explained before the usable
fraction of capacity available depends on battery temperature TB
and on discharge rate, r. If

f B (TB , r )

the usable fraction of

capacity available, then the design battery capacity is:

QB 

QU
fB

(32)

This value is calculated on a monthly basis and the maximum over
the year is taken as the suggested battery size. Finally, the
suggested genset capacity is taken as the maximum of the AC
demand and:

(27)

The usable battery capacity QU is related to the nominal capacity
QB:
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1QB
8R

loads (<10 kWp) need lower capital costs than grid extension and
have lower O&M costs than gensets and primary batteries [23].
This section deals with the economic aspects of building a PV
system with an installed capacity of 2*250W able to provide more
than 0.17 MWh/year of electricity needed by the Internet Access
Point Antennas devices.
Any factor that leads to lower total lifecycle costs, or that yields
greater kWh over the chosen analysis period, lowers the LCOE of
a PV system. The total lifecycle cost in the numerator is a function
of the initial capital cost (which primarily includes the module, the
installation hardware and labour, and transaction costs for system
installers and financers), as well as ongoing operation and
maintenance expenses (which oftentimes includes inverter
replacement) and decommissioning costs including module
collection and recycling. The total lifecycle energy production (the
kWh in the denominator) is a function of location as well as
module and system reliability and performance. A full LCOE
calculation also incorporates appropriate discount rates—to
account for the time value of money in the net present value
calculation—as well as any state incentives that can help to offset
the project’s total lifecycle costs [17].
The global weighted-average LCOE of utility-scale PV plants
declined by 82% between 2010 and 2019, from around
$0.378/kWh to $0.068/kWh in 2019, with a 13% reduction yearon-year in 2019. At an individual country level, the weighted
average LCOE of utility-scale solar PV declined by between 66%
and 85% between 2010 and 2019.

(33)

where  R is the charger efficiency. This corresponds to the power
required to charge the battery in 8 hours.

5.0 Some techno-economic selection's aspects of Hybrid PV system for Internet Access Point Antenna
The selection of the PV must meet different criteria
simultaneously:
- generate high quality electricity according to specific
standards;
- withstand the high variability of solar radiation
characteristics;
- require less maintenance interventions and costless;
- compete economically with other energy sources;
- fast and cost effective compliance.
Given the above requirements, the selection of the PV system is
carried out carefully. After evaluating the possibilities for costeffective technical solutions for the operation of this network, the
only alternative was the hybrid PV system.
From the RETScreen Expert database and technical information
obtained from the manufacturer, comparisons were executed to
determine the most efficient PV module among five alternative
types taken in this study. The main technical characteristics for the
selected PV module is given in table 3.

5.2 PV Project Costs
Although the cost of PV panels energy has dropped dramatically in
the last 10 years, technology requires a higher initial investment
than traditional fossil fuel generators. Approximately 55% of the
cost goes to module, 15% to inverter and the rest is belongs to BoS
and installation costs (see graph in figure 5).

Table 3: Presentation of the technical indicators of the PV cell
technology.
Model Type
WRS250-ST60FPower
Max power at STC (Pmax)
Power tolerance
Optimum operating current
(Imp)
Optimum operating voltage
(Vmp)
Short circuit current (isc)
Open circuit voltage (Voc)
Nominal operating cell
temp (NOCT)
Maximum system voltage
Standard Operating
Temperature (Tc)
Specific energy (E)
Dimension
Weight
Cell technology
Application class

W
W
A

250
0÷0.5
8.36

V

28.89

A
V
O
C

9.01
37.62
45

V
O
C

1000
25

W/m2
mm
Kg

1000
1660x990x34
19.0
Multi-Si
Class A

60
50
40
30
20
10
0
PV Module

Inverter

Mounting
structure

BoS, Installation

Figure 5: Cost breakdown of PV system components (%)
The main components of the system are given in the table 4. The
main characteristics of the selected PV cell are given in table 3.
Table 4: System components and technical parameters
PV Module WRS250-ST60FPower (2*125W)
Access Point Mikrotik (12 – 24 Volt) 2W-50W
Switch Mikrotik (12 – 24 Volt) 10 W
Access Point 3X10W
Roouter Mikrotik(1)5x Ethernet, 850MHz CPU, 64MB RAM2 W
Solar charge controller
Battery set (4X12V, 60 A)
Inverter MW (LRS-350-24) AC-DC
The inverter is used to convert AC 220 Volt AC to DC 24 Volt.
The batteries has a key role to store the energy produced by the
photovoltaic panel. The amount of batteries used for this system 4
batteries, 12 Volt 60 A, two batteries are connected in series to
obtain 24 Volts and then the two pairs of batteries are connected in
parallel in order to increase the capacity of the batteries.
In order to have a smart charging of the batteries, a controller
which keeps under control the capacity of the batteries and the
time when they would be charged by the panel is used. A Microtic

In the table 3 the main technical parameters of the PV cell
technology panel is given providing a capacity factor at the
construction site of 15.1%. The capacity factor is the basic
technical criterion in selecting the type of PV panel as it is the
main indicator that directly influences the annual energy generated
by the PV system.

5.1.1 Economic aspects of PV systems
Three key factors are essential when designing wind power plants.
First there must be a sufficient source of solar potential in the
proposed region, the PV technology must be promising as well as
cost effective. Studies has shown that it is cost-effective for small
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Switch and a Microtic Access Point are included. The total number
of Access Points 3.

system costs in the commercial rooftop markets where data is
available decreased by between 64% and 86% between 2010 and
2019. On average, in 2019, balance of system costs (excluding the
module and inverter) made up about 64% of total installed costs.
In 2019, total BoS costs ranged from a low of 48% in India to
a high of 76% in the Russian territories. Overall, soft cost
categories for the evaluated countries made up around 40% of
total BoS costs and about a quarter, on average, of the total
installed costs. In 2016, these values were a third and 17%
respectively.

5.3 Capital Investment Cost

5000
4000
3000

PV instalation cost $/Kw
LCOE ($/kWh)

Capacity Factor (%)

With very rapid reductions in solar PV module and balance of
system costs, utility-scale solar PV is now increasingly competing
head-to-head with alternatives and without financial support.
Lower solar PV module prices and ongoing reductions in balance
of system costs remain the main driver of reductions in the cost of
electricity from solar PV. The costs for renewable energy
technologies reached new lows again last year. Solar and wind
power have emerged as the most affordable power source for many
locations and markets, with cost reductions set to continue into the
next decade. Improved manufacturing processes, reduced labour
costs and enhanced module efficiency (new technologies) are the
key drivers of lower module costs. In addition, as project
developers gain more experience and supply chain structures
continue to develop in more and more markets, declining BoS
costs have followed. This has led to an increased number of
markets where PV systems are achieving competitive cost
structures and resulted in falling global weighted-average total
installed costs. In 2019, significant total installed cost reductions
have occurred across all the major markets such as China, India,
Japan, Republic of Korea and the United States. An increasing
number of cost competitive projects in India led to weighted
average total installed costs of $618/kW in 2019, around a fifth
lower than in China. However, competitive costs structures are
not confined to established markets anymore. Between 2010 and
2019, total installed costs have declined between 74% and 88%
in markets where historical data is available back to 2010. The
global capacity weighted-average total installed cost of projects
commissioned in 2019 was $995/kW, 18% lower than in 2018
and 79% lower than in 2010 (see graph in figure 6). Based on the
costs of the developed projects around the globe, studies by
IRENA, studies by well-known authors as well as the RETScreen
Expert database yearly variation of total installation cost and
LCOE is given graphically in figure 6.

15,3

15

16,6

16,5

18

16,7

15,1

14

13

The global weighted-average capacity factor for new, utilityscale solar PV, increased from 13.8% in 2010 to 18.0% in 2019.
This was predominantly driven by the increased share of
deployment in sunnier locations. After increasing steadily every
year between 2010 and 2018, the capacity factor seems to be
stabilising around the 18% mark (Figure 7) [6]. The development
of the global weighted-average capacity factor is a result of
multiple elements working at the same time. Higher capacity
factors in recent years have been driven by the shift in deployment
to regions with higher irradiation, the increased use of tracking
devices in the utility-scale segment in large markets and a range of
other factors that have made a smaller contribution (e.g.,
reduction in system losses). The verification will also be performed
with the financial data obtained from the IRENA and RETScreen
Expert model cost database. Thus it is easily to evaluate the
influence of all the financial parameters considered in the analysis.

0,4

5.4 Operation and Maintenance Costs

0,3

The Operation and Maintenance costs of utility-scale solar PV
plants have declined in recent years. However, in certain markets,
the share of O&M costs in total LCOE has risen, as capital costs
have fallen faster than O&M costs. O&M cost declines have been
driven by module efficiency improvements leading to reduced
surface area required per MW of capacity. At the same time,
competitive pressures and improvements in the reliability of the
technology have resulted in system designs optimised to reduce
O&M costs and improved O&M strategies that take advantage of
a range of innovations from robotic cleaning to ―big data‖ analysis
of performance data to identify issues and preventative
interventions ahead of failures driving down O&M costs and
reducing downtime. For the period 2018-2019, O&M cost
estimates for utility-scale plants in the USA have been reported at
between $(10-18) /kW per year [24]. Recent costs there seem to be
dominated by preventive maintenance and module cleaning, with
these making up as much as 75% and 90% of the total,
depending on the system type and configuration. The rest of the
O&M costs can be attributed to unscheduled maintenance, land
lease costs and other component replacement costs. The current
benchmarks without inverter replacement are $11.5/kW/yr
(residential),$12.0/kW/yr(commercial), $9.1/kW/yr (utility-scale,
fixed-tilt), and $10.4/kW/yr (utility-scale, tracking), significantly
below previous O&M, only benchmark estimates [25].
Average utility-scale O&M costs in Europe have been recently
reported at $10/kW per year, with historical data for Germany
suggesting O&M costs came down 85% between 2005 and 2017,
to $9/kW per year. This result suggests there has been a
reduction of between 15.7% and 18.2% with every doubling of
the solar PV cumulative installed capacity [26].

0
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0,1
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17,7

Figure 7: Global weighted average capacity factors for utilityscale PV systems by year of commissioning, 2010–2019.
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19
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Figure 6: Global weighted average total installed costs, capacity
factors and LCOE for PV, 2010–2019 [IRENA,2019]
An important driver of improved competitiveness historically,
the downward trend in solar PV module costs continued during
2019. By the end of 2009 and 2019, crystalline silicon module
prices declined between 87% and 92% for modules sold in
Europe, depending on the type. The weighted average cost
reduction could be in the order of 90% during that period. More
recently the cost of mainstream module technology declined 14%
between December 2018 and December 2019, reaching $ 0.27/W.
A wide range of costs exists, however, depending on the type of
module considered, with costs for December 2019 varying from
as low as $0.21/W for the lower cost modules to as high as
$0.38/W for all black modules. The cost of high efficiency
crystalline modules at $0.37/W was slightly above thin film
offerings, which sold for $0.36/W during that period. These costs
declines and the advances in the ability to securely operate the grid
with high shares of variable renewables are not only decarbonising
the electricity sector, but are unlocking low-cost decarbonisation in
the end-use sectors in conjunction with increased electrification.
The cost of crystalline solar PV modules sold in Europe declined
by around 90% between the end of 2009 and 2019. Total installed
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6.0 Assumptions and Calculations

Pre-tax ($)

The objective of this economic analysis is to provide the
information needed to make a judgment or a decision. The most
complete analysis of an investment in a RES technology requires
the analysis of each year of the life of the investment, taking into
account relevant direct costs, indirect and overhead costs, taxes,
and returns on investment, plus my externalities, such as
environmental impacts, that are relevant to the decision to be
made. The decision-making criteria of the potential investor must
also be considered and highly evaluated. In this case the financials
parameters are dependent on country context and best global
experience in related projects as it is shown in table 5:

1 2 3 4 5 6 7 8 9 101112131415161718192021
Year

Figure 9: Yearly and cumulative Cash flow analysis for the
proposed hybrid PV system.

Table 5: Main financial parameters system chosen for the Hybrid
PV case study.
Financial parameters
Unit
Value
(%)

2

Inflation rate

(%)

2.5

Discount rate

(%)

11

Reinvestment rate

(%)

9

Debt term

(yrs)

15

Debt ratio

(%)

70

Debt interest ratio

(%)

7

Project life

(yrs)

20

(€/MWh)

100

Electricity benchmark price

Cumulative

Fuel cost escalation rate

From the simulation it is indicated the yearly and cumulative cash
flow graphs plotted in figure 9. These cash flows over the project
life are calculated in the model and reported in the yearly cash
flows table including all expected costs (replacement cost) and
credits taken in the study.
249000
199000
149000
99000
49000

The assumptions for fuel cost escalation rate is projected 2% of
annual average rate of increase, in the baseline case and proposed
case fuel costs over the life of the project. The inflation rate of
2.5% and the discount rate over the lifetime of the project of 11%
is considered. The model considers the re-investment rate of 9%.
The project life of the PV project, is considered 20 years and a debt
ratio of 70% is accepted. The debt interest rate of 7% is accepted.
In our work the debt term is considered 15 year, which is the
number of years over which the debt is repaid shorter than the
project life. Using a Monte Carlo simulation a sensitivity analysis
on NPV, B/C ratio, PBP for financial parameters considered in
table 5 with high accuracy is performed. This analysis is conducted
for 5 different technologies of PV modules and the simulation's
results are given in table 6.

-1000
0

NPV ($)

2520$

2961$

9

Year

12

15

18

21

Table 6: Comparison analysis of 5 different PV models taken in
the study.
Electr.
Electr.
Simple
NPV
Total
export
Payback
initial
revenue
cost

From the graph in figure 8 the influence of discount rate 11% in
NPV is performed and extended over a 35% sensitivity analysis. It
is clearly shown that NPV is reduced for lower electricity export
rate.
90 150
65 (€/MWh)
82.5(€/MWh)
89 950
100(€/MWh)
89 750
117.5(€/MWh)
89 550
89 350
89 150
88 950
88 750
88 550
88 350
2079$

6

Figure 10: Pay Back Period evaluated for the selected type of the
PV module.
The simple payback, which represents the length of time that it
takes for a proposed facility to recoup its own initial cost, out of
the revenue or savings it generates is calculated. From the results
of the study based on a comparison applied to 5 different
technologies, model WRS250-ST60FPower represents the lower
possible PBP 0.21 years (see graph in figure 10 and table 6).

6.1 Results and financial analysis

1638$

3

Multi Si

(MWh)
0.38

($)
37.7

(yrs)
0.26

($)
89242

($)
2520

Mono Si
CdTe

0.37

37

0.26

89243

2515

0.33

32.8

0.26

89251

2478

WRS250

0.33

33

0.21

89651

2011

aSi

0.31

31.2

0.26

89257

2462

7. Conclusion and Recommendations
Hybrid PV configuration to supply Access Point Antennas to assist
rural and remote areas in Albania was presented. This solution
represents an alternative to simplify the installation process and to
facilitate the wireless expansion communication anywhere,
reducing the cost of electrical wiring and data, wireless network
infrastructure design, installation time and maintenance. Other
important outcomes from this proposed system are: greater
accessibility to equipment, reduced time for flaws detection and
reducing visits to the site. The perspective of a wide use of green
power motivates the scientific community to study the possibility

3402$

Figure 8: Total investment cost ($) and NPV at 11% discount rate
and extended 35% sensitivity analysis.
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of fabricating hybrid-PV modules providing autonomous wireless
internet and communication systems.
RETScreen Expert, an advanced computer software which a basic
energy model used for small different off-grid PV configurations is
chosen. After searching for possible solutions for the operation of
this network, the only alternative was the hybrid photovoltaic
system, working even in the absence of sunlight as well as at night
is presented in table 4.
The aim is to cover an annual electricity demand of 0.17 MWh/yr
and providing qualitative and uninterrupted internet signal for both
villages, "Ostren i Vogël" and "Trebisht" in Bulqiza district. The
solar irradiation at the proposed location results (3.7÷4.1)kW/m2/d.
By employing methodology 2 in RETScreen Expert, poly-Si cell
technology, model "WRS250-ST60F Power" represents the most
cost-effective option among the five other types selected in the
study.
The PBP and NPV for the selected type of PV module is
calculated, 0.21(yrs) and 8965($), respectively avoiding
approximately 400$/yrs compared to the on-grid option.
As a conclusion the application of off-grid hybrid PV, especially in
telecommunication, agriculture and other sectors is very important
in the energy transition process in Albania, creating sector
independency of supply, thus fulfilling its energy commitment by
the end of 2030 [27].
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Study of sound absorption and reflection coefficients and thermal conductivity of porous
composite material obtained from household glass waste and burnt rice grains husks
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Abstract: The coefficients of sound absorption and reflection in the frequency range up to 2 kHz, here respectively 0.2 and 08, as well as the
coefficient of thermal conductivity, here below 0.027, of a new porous composite material were studied. The material was obtained from
ground household glass waste and rice grains husks burned at temperature from 4000C to 7000C. The results show that the material has
good sound reflectivity and low thermal conductivity, which makes it suitable for the manufacture of modules for thermal and sound
insulation.
Keywords: SOUND ABSORPTION, SOUND REFLECTION, THERMAL INSULATION, SOUND INSULATION

1. Introduction
Composite materials are specific technological products whose
characteristics depend on the components that make them up. In the
present study, the sound absorption, sound reflection and thermal
conductivity of porous composite material (PCM) obtained from
ground household glass waste and rice grains husks burned at
temperature from 4000C to 7000C [1] were studied.
Sample No 8

Due to its valuable properties, PCM finds wide application in
the field of construction and marine engineering. PCM has good
sound insulation, high thermal insulation and heat resistance, high
strength and excellent corrosion resistance. It is important to note
that both components that make up the composite material are
household and bio-waste released in huge quantities and
constituting a problem for the countries where they are produced
and accumulated. The utilization of these two types of waste for
energy and environmentally efficient material will have a positive
effect in various areas of industry.

Fig. 1. Pictures of the studied samples.

3.2. Determination of the coefficients of sound
reflection and sound absorption
To determine the acoustic properties of the developed materials,
an interferometric method is applied at zero angle of incidence of
the sound wave [2,3]. The measuring instrument is a cylindrical
interferometric tube with acoustically rigid walls. At one end of the
tube is positioned a speaker which creates a flat sound wave in the
tube, and at the other - a reference sample of material with high
sound reflection. The tests are performed within the frequency
range from 100 Hz to 2,000 Hz. A diagram of the experimental
setup is presented in Fig. 3. The test samples are placed in front of
the reference sample which is made of lead. The frequency of the
generator is set to obtain resonance frequencies. A microphone is
moved to measure the sound pressure P in the areas of the minimum
(Pmin) and maximum (Pmax) pressure of the standing waves
formed in the tube. A computer sound analysis system RTA 168
and a Multi Instruments data collection program were used.

The production of the material and its useful properties are due
to the ash obtained by burning rice grain husks. With proper
observance of the technological conditions of combustion, such as
heating rate and maximum heating temperature, ash containing
nanosized SiO2 is obtained, while rapid burning results in
incomplete burning and coke production. The composite material is
non-combustible and non-flammable.
The study of sound absorption, sound reflection and thermal
conductivity of the material will contribute to its application in
construction industry as it will allow for the proper calculation and
sizing of various building modules. The modules are obtained by
performing the foaming in moulds or by foaming blocks of the
material from which modules are later obtained by machining.

2.

Sample No 11

Several measurements were made in the peaks and troughs of
the standing waves at each resonant frequency of the system for
each studied sample. The values are recorded and statistically
processed. The coefficients of standing waves n (1), sound
absorption (4) and sound reflection R (2, 3) are calculated by the
dependences (1-3) [3]. The coefficient of standing wave n is given
by:

Experiments

2.1. Materials
The aim of the study is to determine experimentally the
coefficient of sound reflection and absorption and the coefficient of
thermal conductivity of samples made of bio products. The subject
of study are 5 samples shown in Fig.1. The dimensions of the
samples are: diameter 80 mm and height from 12 to 20 mm.

(1)

n = (Pmax/ Pmin)

The coefficient of sound reflection R is determined by the
relationship:
(2)

R=(n-1)/(n+1)

The squared-magnitude of the coefficient of sound reflection
denotes the power Rp that is reflected:
(3)
The coefficient of sound absorption α is given by the equation:
Sample No 1

Sample No 2

Sample No 5
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(4)

Fig. 4. Average values of the reflection and absorption coefficients for the
studied test samples and the lead reference sample

2.4. Determination of the thermal conductivity
coefficient

Fig. 2. Diagram of the experimental setup for measuring sound reflection
and absorption

A comparative method using cylindrical reference samples [4]
was applied to measure the thermal conductivity. A reference
sample (hR = 20 mm, D = 80 mm), a test sample, a second reference
sample (hR = 20 mm, D = 80 mm) and a cooler were placed
sequentially on the heater. The diameters of the reference samples
and the test sample are the same (D = 80 mm). The system is
insulated using a low thermal conductivity material. The diagram in
Fig. 5 illustrates the implementing the comparative method.

2.3. Results of measurements of sound reflection
and absorption coefficients
The results of the measurements of sound and absorption
coefficients in the frequency range up to 2 kHz Hz are shown in
Fig. 3 a, b, c, d and e for the tested samples Nos 1, 2, 5, 8 and 11. In
Fig. 4 are shown the average values of the coefficients for the
material from which the test specimens were cut and the lead
reference sample, which is characterized by a large sound
reflection. The mean values of sound reflection and sound
absorption coefficients in the whole frequency range up to 2 kHz
are 0.8 and 0.2, respectively. The tested samples have good sound
reflectivity.

a

The following designations are used: 1 – heater, 2 and 4 –
cylindrical shape reference samples made of high thermal
conductivity material (steel), 3 – test sample (composite material),
5,6,7 and 8 – type K thermocouples, 10 – thermometer-data logger
(device for recording temperatures change over time – 4-channel
CENTER 304 type K thermometer.

b

Fig. 5. Diagram for implementing the
thermal conductivity measurement

Fig.6. Changes in the surface
temperatures of the reference
sample (2) and the test sample (3)
during the measurements of test
samples Nos 1,5 and 11

The amount of heat Q conducted through a material of thickness
h at a temperature difference ΔT for a time interval τ through an
area s is determined by the dependence:
c

d

(5)

Q = λ.s.(ΔT/h),

where λ is the coefficient of thermal conductivity of the material.
In stationary thermal mode, the amount of heat transferred from
the heater through the reference sample to the test sample and the
second reference sample, both of which have the same area, is the
same:
(6)

=

=

where λR is the coefficient of thermal conductivity of the material of
the reference sample, λX is the coefficient of thermal conductivity of
the test sample, ΔT12 is the temperature difference between the
surfaces of the heater (1) and the reference sample (2), ΔT23 is the
temperature difference between the surfaces of the reference sample
(2) and the test sample (3), ΔT34 is the temperature difference
between the surfaces of the test sample (3) and the second reference
sample (4).
The coefficient of thermal conductivity λ of the material of the
test sample is determined by the formula:

e
Fig. 3. Sound reflection and absorption coefficients for frequencies up to 2
kHz.
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(7)
In Fig. 6 are shown the difference in the surface temperatures of
the reference sample (2) and the test sample (3) ∆ Т23 during the
measurements of the tested samples № 1,5 and 11, which are 76 К,
85 К and 90 К respectively.
The ratios λ/λR (λR =40 K W/m.K) for samples Nos1 (hX = 16
mm), 5 (hX = 20 mm) and 11 (hX = 15mm) are 0.026, 0.014 and
0.027 respectively. The thermal conductivity coefficients of the
studied samples are low and they can be used as thermal insulation
materials.
The results show that the material has good sound reflectivity
and low thermal conductivity, which makes it suitable for the
manufacture of modules for thermal and sound insulation.
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Experimental investigation of a hybrid pv-t sytem under albania's climate conditions
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Abstract: Photovoltaic thermal system (PV-T) converts sunlight into electricity and heat simultaneously. The overall efficiency of these
systems is higher than the efficiencies of PV panels and solar collectors together. In Albania energy production from photovoltaic systems
has been promoted in the recent years. Albania’s Mediterranean climate conditions are very favourable for investment in renewable energy
systems. In this study a stand-alone 280 W PV-T panel is considered with respect to thermal analysis of the system. The panel is installed at
the terrace of the building University in Tirana, Albania. The aim of this work is to present the temperature profile of the panel, since there is
a correlation between efficiency and temperature. In order to analyse the temperature distribution on the panel surface a series of
experiments are carried out. Temperature variation vs. time for different water flow rate was performed. The inlet and outlet water
temperature profile is drawn in this article.
Keywords: PV-T, EXPERIMENTAL, ANALYSIS, TEMPERATURE, WATER FLOW RATE.

1. Introduction

2. System description

A photovoltaic/ thermal system (PV-T) is a device that generates
heat and electricity simultaneously, from a combined photovoltaic
cell with a solar thermal collector. Studies have showed that PV
panels absorb up to 80% of the solar irradiation, however, with
current technology development approximately 20% of the solar
energy is converted into electricity. The difference is converted into
heat. On sunny days PV laminates can reach very high temperatures
up to 35oC above ambient temperature [1]. In PV-T panels this heat
could be extracted from PV panel and may result useful for use in
the building. It can be used for space heating and hot water
production to contribute on the building energy supply. Thanks to
its geographical position Albania has a high development potential
to develop and exploit renewable resources. According to National
Agency of Natural Resources Albania receives a level of solar
radiation of more than 1 500 kWh/m2/yr, within a range of 1 185 to
1 690 kWh/m2/yr. The average of daily solar radiation is near
4.1kWh/m2 changing from a minimum of 3.2kWh/m2 in the
Northeast up to a maximum of 4.6kWh/m2 in the South-Western
[2]. However, vendor and foreign investment on photovoltaic
systems still remain in modest values. With the new feed-in tariffs
set by the government it is expected a significant increase in this
sector of renewable energies. Albania’s energy system is actually
totally depended on hydropower, therefore energy system
diversification remains priority. Another important factor is the
increase of heating demand by consumers in the residential sector.
Application of PV-T systems will reduce dependence on
hydropower and other forms of heat generation, such as wood, gas
and electricity. On the other hand the hybrid combination of
photovoltaic and thermal collectors results profitable based on the
following data collection:


According to [3] the total efficiency per unit area of a PVT panel is higher than the sum of the efficiencies of
individually PV panels and thermal collectors.



For Mediterranean climate the energy payback of a PV-T
system would be 2 years, whereas under equal climate
conditions it would be 3.4 for PV system and 4.3 for a
thermal collector.



Also from [1] results that the economic payback for these
systems were reduced to 6-10 years, under the same
climate conditions.

The experimental investigation was carried out at Polytechnic
University of Tirana building. The PV-T system is installed at the
terrace of the building and a view of the panel is shown in Fig. 1.

Fig.1 a) Actual setup of the PV-T system b) inverter installation
in the control room
The characteristics of the P-T panel according to the
manufacturer are described in details below in Table 1. For the
selection of PVT manufacturer no price factor were taken into
consideration.
Table 1: PV-T parametric characteristics
Technical Data
Sizing
Area
Net weight
Liquid volume
Module
Capacity
Operating pressure
Covering
Highest temperature
Efficiency

As all energy systems the PVT panels are characterized by the total
efficiency, electrical efficiency and/or thermal efficiency. Many
studies [4] meanwhile have investigated the effect of PV cell
temperature on the electrical efficiency. It was found that the
reduction of PV cell temperature would influence the electrical
efficiency increase [5]. As working fluid to cool down the PV
panels is used air and water. The heat extracted from the PV panels
by air and water is used for domestic hot water supply.

Value
828x1601x90 (mm)
1.3 m2
24.4 kg
1.21 L
Mono-crystalline
280 W
10 Bar
PV Glass
<110oC
90% <10 years

Fig. 2 The schematic diagram of PV-T panel
The system is made up of these components: 1) PV-T panel; 2)
pump; 3) 3-way valve; 4) flow-meter; 5) temperature sensors 6)
hoot water tank. The PV-T panel is grid connected via converter
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output of the PV-T system, however this issue does not refer to this
study.

presented in the figure above. The extracted heat from the PV-T
system is collected in a 300 liters hot water tank. In Fig.2 is
presented the schematic diagram of the PV thermal system. The
temperature sensor position are marked by the following order.
B2/A1 is the inlet water temperature in the panel, whereas B1/A1
measures the outlet water temperature from the panel. B3/A1 is the
water temperature entering the hot water tank. PV cell temperature
is measured through temperature sensors positioned as in Fig.2
corresponding to B1/A2, B2/A2, B3/A2 and B4/A2. For the current
research study it is reflected that 4 temperature points should be
considered sufficient. The water flow entering the PV-T module
was regulated by a control valve. The simulations and result were
controlled by a control panel placed in the laboratory and timely
adjusted.
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3. Experimental results
The testing are carried out at the laboratory of Polytechnic
University of Tirana. Since temperature of the PV surface has a
significant impact on panel efficiency, we were focused on thermal
behavior of the panel. The experimental investigation of PV-T panel
includes a series of measurements with respect to temperature of the
panel. The real time results were obtained during the 24-hour
regime. However, in order to shorten the results processing time the
measurements were extended to 5 days during the summer hot
weather. Thus, experimental investigation on temperature variation
is limited in time from 9:00 to 23:59. In Fig.3 is shown the
temperature distribution of the PV cell to fixed mass water flow
rate, 120 l/h.
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Fig.4 Temperature variation vs. time for 50l/h water flow rate
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Fig.5 Temperature distribution vs. time for 80 l/h mass flow
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For the first attempt the water flow rate was fixed to 120 l/h. As
shown in the figure above the temperatures of PV cell slightly
increase in the morning. The maximum is reached in B2/A2
measuring 65.5oC at 14:54. During morning and at noon the
temperature fluctuations are more present, thereafter the
temperatures of PV surface fall gradually for the rest of the day.
This happened due to a strong solar irradiation in the morning and a
weak one in the afternoon. Another important detail we can
distinguish from the results is the significant difference between
temperature sensor B1/A2 and measured temperature at sensor
B2/A2. Similarly, the results presented in Fig.4 to Fig.7 give a
better understanding of temperature variation vs.time. In this case,
mass flow rate varies in accordance to 50 l/h, 60 l/h, 70 l/h and 80
l/h. In this study the effect of cooling water flow rate to PV-T
temperature distribution was analyzed with respect to thermal
investigation of the panel. From the results it is interesting to
remark that no temperature higher than 65.5oC was reached during
the experiment. The output results shown on the graph give the field
of temperatures on the surface of panel. It has been observed that
temperature has a considerable impact on overall efficiency of the
PV-T panel. The effect of mass flow rate to temperature will help to
design improvements of these system, as well heat transfer analysis
from PV cell to cooling fluid. Another key factor is the electrical
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Fig.3 Temperature variation for 120 l/h cooling water flow vs. time

Fig.6 Variation of temperature for 70l/h mass flow rate
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Fig.7 Variation of temperature for 60l/h mass flow rate
From the experimental setup of the panel inlet and outlet water
temperature has been investigated. The output result were
performed during the same time period from 9:00 to 23:59 in five
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different days of the summer season. The sensors for measurement
were identified as B2/A1 for inlet water temperature and B1/A1 for
outlet water temperature. The results output are given below in
Fig.8 and Fig.9.

and/or overall efficiency of the panel will be subject of another
work in this field.
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Fig.8 The effect of inlet water temperature vs. time for different
flows
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Fig. 9 Outlet water temperature distribution vs. time
For each measurement we may identify the temperature difference
and heat extract by water flow in the panel. For example, for 60l/h
mass water flow regime, the maximum temperature difference in
the panel is Δt=6.5oC. As it is expected the highest values of
temperature difference is reached at noon, when the solar irradiation
is very high. The cooling water temperature difference is necessary
in order to calculate the heat extracted from the panel. Heat output
from the panel is a preliminary condition for the overall efficiency
performance of PV-T system.

4. Conclusion
A photovoltaic thermal panel was the object of this
experimental study. The system is installed at Polytechnic
University of Tirana. A short description of the importance of PV-T
systems for the Albanian conditions was introduced in this article.
Albanian climate is a key factor for the implementation of these
systems. It would supply electricity and heat simultaneously.
Therefore, despite well-known obstacles it is expected an increase
of renewables contribution to tale energy consumption in the
country. The PV-T system capacity was 280W and all the technical
data of the panel were described in detail. The experimental
investigation consists on thermal analysis and measurement of PVT surface temperature, since it has a direct impact on panel
efficiency. The temperature profile distribution of the panel vs. time
was performed. The experiment was carried out with five different
mass water flow. The results depict the field temperature of the PVT panel under climate conditions of the country. Another output of
the experiment were the inlet and outlet water temperature profile
measured in time. A maximum of Δt=6.5oC was reached for the
60l/h flow rate at 12.02. The effect of temperature on electrical
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The introduction of CP Factory production line, ideal technological platform for study and
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Abstract: This year we have open a new laboratory of automation and robotics in the Department of Technical Studies at the College of
Polytechnics in Jihlava. Our laboratory is equipped with a FESTO CP Factory production line in the biggest configuration in the middle
Europe. This system which includes physical components and many virtual tools can be used in education, research and cooperation with
industrial companies.
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1. Introduction
The CP Factory system is an educational industrial production
line comprised of individual stations. Every station consists of a
conveyor and an application module (drilling module, heating, press
etc.). Both the parts are independent and can be easily switched.
The control system is based on PLC Siemens ET200. Its program
contains not only a control loop for the application and the
conveyor but also a web server and primarily an interface of the
MES4 program, which creates the user interface of the entire line.
Further, every station is equipped with a Siemens HMI panel for
manual control and potential configuration in the offline mode.
Online communication is based on a unique protocol, defined by
FESTO, which uses the standard TCP/IP protocol at the transport
layer, but it is ready for OPC UA implementation..

Fig. 2 The basic Industry 4.0 idea is a change of hierarchical control
structure to open communication interface between independent and
intelligent objects.

FESTO implementation
FESTO MES4 is a graphic tool containing a database
connector and a communication interface to all parts of the
production line.
The database contains complete information of production
stations (resources), materials, products and actual or planned
operations. Each type of a production part is represented by a record
in the database. The record unambiguously identifies all information
about the history of the part and its connections to the target
production process.
The MES4 database is used as a data source when the
production station is to decide whether and by means of which
operation the target part will be produced. On the product, there is
only one component ID that is stored in an RFID chip of every
product carrier and connected to the database record. From this
point of view, it is a data-controlled production process. FESTO
implementation is therefore really close to the ideal Industry 4.0
MES idea, but it is not completely faithful. The datasource is
centralized to one physically MS Access database here. It is not
distributed over lower subsystems.

Fig. 1 This figure shows the actual installation of the CP Factory production
line in the Laboratory of Automation and Robotics at the College of
Polytechnics in Jihlava.

2. Mes

Communication protocol
The communication between the MES system and target
resources is executed by a special communication protocol, defined
by FESTO and based on the standard TCP/IP layer. Each operation
or query is represented by a unique command with defined ID and
structure. These commands can be transported via the TCP layer in
the binary form or as a pure text. The string form is ideal for
education and for demonstration of the function of target command.
The binary form is intended for real deployment.
In the OSI model, this protocol could be placed in presentation
or application layer. Session layer is not used in this case. This
protocol can be switched to the OPC UA standard, ideally without
any change at lower layers. FESTO currently does not have a
satisfactory implementation of OPC UA, so there is space for our
further research and development.

MES role in Industry 3.0 a 4.0
The main principle of the Industry 3.0 system is a hierarchical
control structure. In this approach, MES is the central control
system which directly manages all subsystems and components at
lower levels. It is the master giving orders to the target PLC and
other systems.
In the Industry 4.0 definition, MES is only a datasource,
ideally distributed over all subsystems of the target production
process including the processed material and workpieces.
But the user function of this system must be the same. MES
has to provide us especially with:
•
Process control system (information about resources,
storages, material etc.)
•
On- line process control by lower control levels
•
Order management
•
Process and order history
•
Production tracking and history monitoring
•
Quality parameters reporting
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Factory system, a number of development tools are provided.
FESTO provides the RobotinoVIEW development tool, which
offers graphical programming such as LabVIEW (a tool from
National Instruments). However, there are many others
programming interfaces provided, e.g. libraries for C, MATLAB or
LabVIEW. Not all of these development platforms are provided for
the latest version Robotino 3, though. For example, libraries for
MATLAB are provided only for the 2011b version or later. To
develop in the current MATLAB version, HTTP communication
protocol and REST-API have to be used. A library for direct
MATLAB control of Robotino is the aim of our current research in
the Department of Technical Studies at the College of Polytechnics
in Jihlava.

3.Virtual part of the system
CIROS
CIROS is a 3D development studio that provides not only the
3D model drawing but also programming and simulation of its
behavior. The created model can be connected to a virtual or
physical PLC. Hundreds of models of industry robots from many
global producers are integrated in the studio (Kuka, ABB,
Mitsubishi etc.). In CIROS it is possible to develop a robot’s
software in native programming languages and run the program not
only in simulation, but also upload it to the real robot.

The line and robotino model
The picture shows a model of our actual CP Factory line. On
the MES level, this model is a digital twin of the real system. It is
not a full-blown virtual twin, however, if we focus on deep detail.
This model is not able to simulate, for example, physical properties
of the components or the environment, such as inertia, thermal
expansion or gravity. It is therefore clear that the term “digital twin”
cannot be considered absolute. It is necessary to relate it to the
context and level of detail of the model.

Robotino in CP Factory system
Two different communication protocols used for the interaction
between Robotino and the CP Factory system must be
distinguished. Firstly, there is the MES protocol, and secondly, the
protocol for Robotino. Both protocols are independent and have
their own unique commands and attributes. FleetManager is a
special software tool serving as a bridge between these two
protocols.
A typical command of the MES protocol is
GetOperationForResource. This is a general query which gets an
ID of the planned operation for the target resource. An example of
Robotino protocol command can be LoadBox, a specific order for
loading a box with material, applicable only for Robotino.
However, both of these protocols are based on standard TPC/IP.
Due to the absolute openness of the whole system, it is possible to
communicate via Robotino protocol manually and therefore
simulate not only the MES system, but also the FleetManager
bridge, but only in case that Robotino is switched to the CP Factory
compatible mode. We can order Robotino to go to a target position
in the CP Factory map system, but we cannot control single sensors,
motor drivers or the camera. This is possible only in the mode
independent on CP Factory via RobotinoVIEW or other
programming tools.

Box making machine model
The picture shows a basic proposal of a robotic machine
for paper box completion. This is an example of a machine that is
currently being designed in the Department of Technical Studies at
the College of Polytechnics in Jihlava. It is convenient to create it in
CIROS and show its function to a customer.

RobotinoSim
RobotinoSim is a virtual tool for the simulation of Robotino’s
behavior and its interaction with its environment. The tool
implements basic kinematics principles and the behavior of all
designed objects is consequently really close to reality.

5. Conclusion
Virtualization and simulation is an integral part of
industry production in this time and their importance will be
increasing in the future. It is because of requests of maximal
efficiency of production and production processes. The basic goal is
an integration of many different subsystems and solutions over all
production process. In this case, CP Factory system, based on
maximal openness is a good solution offered easy integration of
other components from third part producers. Our next research in
the Department of Technical Studies will be focused on integration
of an industry communication standard OPC UA.

4.Robotino
Autonomous robots called Robotino are an independent part of
the CP Factory system. They are mobile robots equipped with
multiple sensors and cameras that are able to move independently
and that provide material transport. They can be included in the CP
Factory system, but they can also work quite independently.
Robotino is Linux-based and every mode of behavior is started as a
regular UNIX application. For the mode independent of the CP
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Abstract: This paper discusses a case of implementing Industry 4.0 solutions with existing legacy informational system in cement-producing
factory. One of the main reasons the company wants to keep its existing ERP solution is because is too complex and cannot be ported to a
contemporary computer architecture. The plant also needs to automate and modernize the process of loading their products, but the
company management does not want to invest in modern computer servers and a new ERP system. That’s why they decided to implement a
hybrid solution – a modern Industry 4.0 IoT devices with .NET client application using the existing legacy DEC Alpha as a server. Here, the
required technologies used for developing that software solution are overviewed and all parts of the software solution are described. Finally,
the benefits and effectiveness of such a hybrid software solution are shown.
Keywords: Industry 4.0, IoT, RDB, ODBC, VAX, Alpha, ERP, OpenVMS, .NET
We can conclude that legacy computer systems are essentially
designed for the purposes and needs of organizations that operate
for a longer period of time. These include systems designed many
years ago but due to their age are not able to implement and use
new technologies. But these systems are very important because
they are still crucial for the functioning of many business
organizations [3].

1. Introduction
When computers started to be used in Industry 3.0, it was a big
and hard change thanks to the addition of an entirely new
technology. Now, when Industry 4.0 is implemented, computers are
networked and ultimately make decisions without human
involvement. A combination of cyber-physical systems, the Internet
of Things and the Internet of Systems make smart factory a reality.
As a result - smart machines that are getting smarter as they get
access to more data, our factories will become more efficient and
productive. At the end, the network of these machines creates and
share information that results in the true power of Industry 4.0.
Legacy computer systems are socio-technical computer systems.
The arrangement of their components – hardware, software, data
and business processes – directly affect the established policies and
functioning of the organization. Any change to any part of the
system affects the overall functioning of the system. The costs of
change and the danger of losing crucial data are often reasons why
organizations decide that the only remaining option is upgrading
and partial modernization. In this article we will show how Industry
4.0 solution was implemented in a cement-producing factory that
wants to perform an automation and modernization process of
loading their products and does not want to replace existing legacy
systems. The reason for this is because of its performance in the
daily operation of the plant. The system cannot be easily replaced
because of the application which allows for the operation of the
plant – it is an ERP system made for a DEC Alpha system. Also,
financial terms or costs associated with the introduction of a new
modern computer system with a new ERP system should also be
taken into account. That is why the company opted for a hybrid
solution: using the existing legacy system's DEC Alpha as server
and implementing IoT devices and with modern .NET client
applications running on PCs with integrated touch screens [1]. The
application is built according to strict company requirements
considering tools and technologies, where .NET is the only allowed
programming technology. Cloud SaaS (software as a service) is also
excluded because this application should work without an Internet
connection. Also, there is a limitation to which Oracle instruments
can be used because they are not supported on a legacy RDB
database.

Even small changes to any part of the system can lead to a range
of changes in the other components. Therefore, decisions relating to
it are not always governed by objective criteria, but engineering is
in direct correlation with organizational strategies and policies.
Here we will present the specifics of each component separately as
follows:
• System hardware - in many cases the systems are designed for
hardware that is not in use, and therefore they are expensive to
maintain which in turn may not be appropriate in terms of
organizational IT plans and cost estimates.
• Software support - legacy systems can rely on a variety of
software support of the operating system and tools offered by
manufacturers of hardware compilers used for system development.
• Application software - an application system that provides
business services and usually consists of several separate programs
that have been developed at different times. Sometimes the term
refers to the legacy application software system instead of the
system as a whole.
• Application data - are actually the data processed by the
application system. Some systems over time accumulated vast
amounts of data that are often going to be replicated in different
folders.
• Business processes - the processes that are used within the
operation to reach business goals. An example of such a business is
with insurance policies in an insurance company, or the policies of
receiving and processing orders in a factory.
• Business policies - rules with which a business should be
accomplished and done. Such rules are very important factors in the
functioning of the legacy system [4].

2. Definition of a legacy systems

3. Significant role of the legacy systems in the
companies

Before we talk about the specifics of legacy systems in the
context of computer technology, we should primarily define the
idea what the term means. In general, it is about computer systems,
programming languages or software used versus upgraded versions
available. Also, the term could be correlated with processes that are
more applicable in contemporary contexts. In theory there is no
reason why a company or organization would not keep pace with
the latest technological innovations but in practice very often these
same companies have legacy systems. The problem here arises in
compatibility and lack of security support [2].

Despite recent technological innovations that offer great
advantages and benefits for functioning, many companies still use
outdated systems. There are several reasons for this but the most
frequent are the risks and costs of the system to change. There is a
danger that the change might be unsuccessful, which would
indirectly have a negative impact on the credibility of the IT sector
and the careers of responsible managers.
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The transition time and testing of the new system versus a stable
platform which already operates is a dilemma with which
companies are confronted. So, if something is already operational
and performs the necessary functions there is almost no reason for a
change. Stability without turbulent changes acts as a more attractive
option for the management. That is why some companies usually
decide to modernize rather than replace their platforms. Those who
decide to modernize for example take advantage of XML-based
Web services, middleware and portal technologies work
environments that enable them to maximize the operating systems
from the early eighties, such as VMS, AS / 400 and UNIX. At the
same time, integrating the operating systems of different areas is not
as difficult as before. Tools like IBM WebSphereMQ message
broker can serve 50 operating systems, providing a simple way of
conveying messages between applications running incompatible
operating systems. Also, a problem for the change is safety. At the
most basic level, password protocols can lead to a difficult change.
Maintaining the security of a legacy system can be quite difficult
because the user cannot expect automatic protection from new
threats and dangers [5].

Oracle ODBC Driver for RDB
ows
applications that implement Microsoft Open Database Connectivity
(ODBC) API way to read and write data to Oracle RDB databases
and databases available through Oracle DB Integrator family of
gateways. The Oracle ODBC Driver for RDB distribution kit
includes clients necessary to allow access to the Oracle RDB ODBC
enabled applications regardless of the programming language [8].
ADO.NET is a set of software components that developers can
use to access data and data services on the basis of datasets and
XML files. It is a part of the library of base classes that is included
in the Microsoft .NET Framework. It is commonly used by
programmers to access and modify data stored in relational database
systems, but data in non-relational sources can also be accessed.
It provides consistent access to data sources such as SQL Server
and XML, and data sources exposed through OLE DB and ODBC.
User applications use ADO.NET to connect and search, process and
update the content in these data sources. ADO. NET separates data
access from manipulating them into discrete components that can be
used separately or as a group. It enables .NET Framework data
providers to connect to the database, execute commands, and
retrieve results [9].

4. Technologies used for the software solution
Oracle RDB database

5.

Oracle RDB is a relational database management system that is
used in mission-critical applications on OpenVMS platform [6].
Some of its advantages are:
•
Big performance delivery of real-time data;
•
Extreme reliability, enabling security and constant
availability of the database;
•
Extremely high-availability – requirements for planned
maintenance are minimal;
•
Easy sustainability;
•
Low cost.
Oracle SQL/Services for OpenVMS Alpha
A client-server system, in its simplest form, consists of client,
network, and server system. The client is a software program that
uses an application programming interface (API) to access and to
make requests to the server. The client can be on the same platform
as the server. Usually, the client application is running on a
workstation or computer and is accessing the database of large
server platforms using the network that supports multiple transport
protocols. Oracle SQL / Services is a collection of cooperative
processes on a node that includes a process dispatcher and a
container of executive processes acting on behalf of the service.
A dispatch process takes care of network communication
between the client and the server. It reads customer requirements,
arranges them in rows of these requirements for executive
processes, and returns responses from these processes back to the
client. An executive process runs on behalf of the Service, accepts
the customer requirements from among the dispatcher calls the
mechanism of database processing of those requests, and returns the
results back to the dispatcher. The service is a set of attributes that
describes how clients access the database [7].

Architecture of the software solution

The database which the software solution accesses is the
existing Oracle RDB installed on the DEC Alpha Server on
OpenVMS with predefined tables that are already in use by the
legacy application. This will ensure consistency and continuity in
the work. A legacy software solution will be used until new
modules are activated. It will also provide a migration test period
when both the old and the new software operate in parallel. Thus,
with the testing of the application and the correction of errors, the
process of loading will be functioning unhindered. On each
computer that will be installed on the stated positions, an Oracle
RDB ODBC driver will be installed, which will provide the link
between the software solution and the database. The software
solution will be programmed in the ASP.NET 4.5 technology.
Using the ODBC driver allows for the most modern access to the
database and ability to use all the tools and features that Microsoft
Visual Studio provides. Thus, the same functionality is obtained
from Oracle RDB as a legacy database, compared to more modern
databases such as: Microsoft SQL Server, Oracle, PostgreSQL, SAP
HANA and others.

Fig. 2. Schematic representation of the communication between
Oracle RDB and client .NET application

6. Overview and segments of the Industry 4.0
solution
The purpose of the system is to allow entry of trucks, loading and
output with minimal or no impact on human resources. The goal is
to eliminate the human factor and the possibility of making
mistakes and mismanagement. The entire implementation is divided
into several segments, in order to identify the necessary resources,
the system needs for a location, to allow for greater independence of

Fig. 1. Oracle SQL / Services - Client / Server Architecture [8]
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Position 2: Measurement of empty weight, printing an entry receipt

the system from one location to another, and to enable parallel
implementation of all locations in the facility that are components
of this system. All positions use Windows 10 touch PC’s.

After the truck is stopped, the driver is identified with an RFID tag.
Before taking the measurement, several series of programming
inspections (such as types of items etc.) must be performed.
Once the weight is measured, a series of program checks are
performed. If all checks pass, the entry receipt is printed and the
truck can continue towards position 3. If one of the tests does not
pass then the display shows the relevant message.

Fig. 3. Segments and flow of the software solution

Position 1: Identification of entry, selecting order, object entry

Fig. 5. Zebra thermal receipt printers [10]

With the implementation of the system, each company will be
awarded a certain number of RFID tags for identification of orders.
In issuing the order, the tag will bind with the order number and
represent the identification order. Tags generally will be provided to
companies and/or a tag is associated with a driver.
When registering, the driver may be shown more than one option.
Namely, if the tag is associated with several orders, the driver sees
all of them and he selects one of the orders and confirms.

Position 3: Loading of materials
Loading of materials will be performed in the facilities that are
designed for the specified material.
For bulk material
After positioning the truck on a scale, the driver gets identified with
the RFID tag and checks that the truck is positioned in the right
place. After successful identification, communication is established
with a PLC computer via a web service (application). The PLC
computer and the software solution exchange messages to control
the loading process. If the checks are successful, then the PLC
computer will start the loading process. After the completion of the
loading, the truck can head for position 4.

Fig. 4. Cabinet and touch pc / driver operation
In case that a need arises for a confirmed order to be deregistered
and changed to a new order, the process can only be done in the
sales department and as long as the truck is not on a measurement
platform. If the truck is already measured, then the order can be
reversed or loading can be continued with.
If the first confirmed order is for а packed article, then the driver
can select other orders as well, but only if it is for a packaged
article, the same driver, the same registration, and as long as the
sum of the average truck weight and confirmed orders is less than
40 tons. The average truck weight is based on the history of
previous entry weights for the truck, but if the truck enters the plant
for the first time, then the average weight is determined as its
carrying capacity taken from the driving license. Data from the
driving license for a truck are entered when the process of
registration of the driver and truck by the Sales Department. It will
also allow the average weight to register at entry scales as a
combination of a tractor and trailer. If the truck is out of the factory
for less than 30 minutes, then there is no possibility to apply for a
new order. At the end of a successful pro-cess, the driver drives to
position 2.

Fig. 6. Unistream PLC [11]
For packed material
Once the truck arrives at the warehouse, the driver is identified
with an RFID tag. An RFID tag is attached to a suitable place where
the truck can easily be identified. After identification and
verification, the operator can see on the screen how many pallets
have to be loaded and what kind of material. After the completion
of the loading process, the truck can head for position 4.
Position 4. Measurement of a loaded truck, invoice printing
After the truck stops on the output scale, the driver gets
identified (using the RFID tag) and takes a measurement. If all
checks are successfully completed, then the printer automatically
prints three invoices – two invoices remain for the plant, one
invoice goes to the driver.
After the invoices are taken at the truck exit stop, a series of
program checks are made and, if all the checks pass successfully,
then the ramp is raised and the truck can leave the facility.
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Fig. 7. A driver takes an invoice

Conclusion
The implementation of this software solution improves the
efficiency of repetitive processes and reduces the need for manual
data entry. An additional benefit is the reduction of the cost of the
whole process - eliminating the labour required to manually
perform all stages of loading the goods. The implementation of this
software solution speeds up the process of entry, exit and loading
trucks. From this we can conclude that the automation of manual
processes with modern soft-ware and technical systems all linked
together in the ERP system have substantial benefits for the
company.
It can be concluded that the use of legacy systems is still possible
and efficient. They are fully able to perform all duties associated
with the functioning of companies and thereby can be effectively
used as a server allowing an operation of new and advanced client
applications. Old and new can work in a functional symbiosis.
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Industry 4.0 in a country with modest adaptation potential, where technologies adapt to the country's current needs. The study is based in an
analysis of the most important indexes to understand the overall approach of adaptation. All the concepts and analysis are finalized with the
Industry 4.0 principle and implementation in the Sideral company. The methods presented offer some good proposals for further
implementation policies in industrial companies.
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1. Introduction
Industry 4.0 or the Fourth Industrial Revolution can be defined
as the concept of an integration between Information and the Digital
Revolution [1]. The term is the generation of three previous
revolutions, with a particular focus on increased productivity and
efficiency. The primary idea has been presented in Hanover's 2011
Congress, treated as a strategic program to develop advanced
production systems [2]. Among other things, this new phase of the
industry requires a socio-technical evolution of human role in all
business ecosystem modules. The Industry 4.0 brings the concept of
automation far ahead. It creates a full digitalization and a
transformed automation process, in all its constituent stages,
concluding in an “intelligent factor”. Exploring Industry 4.0, may
help to resolve high uncertainties and gain more competitive
advantages. Technology architecture [3] of the Industry 4.0 has a
huge potential to reshape the way companies operate. Based on
their main objective, we have two technological divisions:

3.

The third methodological phase is based on deductive
research for building an implementation model, which
highlights the role of the Industry 4.0 throughout the
business area.

3.

Industry 4.0 adaptation

Analyzing Industry 4.0 adaption using index techniques, would be a
necessity for decision support. These indexes are easily found.
Index analysis best covers strategic framework of technologies.
Consistent with the rich research around general development,
efforts to improve, and valuable detective data, Albania can be
classified as one of the least industrialized countries. The power of
analyze, refers to the performance of Albania, in accordance with
Industry 4.0. In studying the nine indexes that best identify Industry
4.0, last results obtained by “International Research Institutions”
will helps us in this work. In this purview, the treatment of indices
is presented as follows:

2.
Basic technology, which supports the other intelligent
dimensions discussed above. Such technology includes: Internet of
Things (IoT), Big Data, Cloud Services, Robotics, Artificial
Intelligence (AI), Analytics, Additive Production, Digital Twins,
Added Reality, 3D Printers. These technologies are considered
basic, as influential integration dimensions are present in them.

The global Innovation Index (GII) [4]. Allows us to analyze the
potential, based on two main components: innovation and
production of innovation. Referring to the total assessment (1-100),
the GII annual total value for Albania is 27.12. In Albania braiding
elements such as: institutions, human capital and research,
infrastructure, market sophistication and business presents a modest
increase in reference to total assessment. Although the global
science and innovation landscape has undergone significant
changes, Albania is involved in an innovative dynamic of national
influence.

In order to evaluate the potential of Albania in adapting Industry
4.0, there are used nine indexes round up analytical treatment. Index
analysis is widely acknowledged to play a vital role in the
opportunities of the countries to adapt Industry 4.0. The process of
technological standardization within the business ecosystem is
identified as the backbone of Industry 4.0. Index results unfold
value benefits in further implementation directions.
The main purpose of this study is to conduct a systematic literature
review, to explore the breadth and depth of existing industry
readiness for Albania and then to present a real implementation
model based in Industry 4.0.

The Logistics Performance Index (LPI) [5]. Logistic operation is
included in the framework of regulatory services, securing transport
infrastructure, enforcement of audits (particularly for international
goods) and boosting the quality of Public-Private Partnership. In its
assessment of 1-5 Albania receives its annual rating of 2.62. Hence,
weighing elements such as: customs, infrastructure, international
shipments, logistical quality, tracking and deadlines guarantee
Albania a more generalized view. Improving infrastructure to
promote trade among the countries has narrowed the gap in terms of
institutional governance problems, or other logistical-type threats.

Methodology

The article follows an empirical course of treatment. Methodology
is based on research questions, literature review, and also on
available data to analyze. To successfully master the research work,
the concentration on the following steps help us:
1.

Phase two, analyses the indices that best identify the
Industry 4.0 potential. The data is collected by open
sources, while the results released are presented in
practical form, as applicable solutions to Albanian
companies’ case.

This study empirically tests the relationship of new technologies
and business modules through the use of Industry 4.0, based on
index analysis. Business executives will find this article informative
as they contemplate whether to invest in and outsource to other
countries. In addition, policymakers will learn about the challenges
and opportunities of Industry 4.0 adaption in Albania.

1.
Front technology, which considers four dimensions
(intelligent production, intelligent product, intelligent supply chain
and intelligent work). The central dimension considered intelligent
production, while other dimensions are related to it. Each dimension
adapts to other sub technologies creates added value.

2.

2.

The first phase is the selection of the field of research and
the assessment of contextual knowledge through scientific
research, articles, books, etc.

The Global Enterprise Index (GEI) [6]. The focus of Industry 4.0
on production alone does not generate the total view. The Enterprise
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Index, help our treatment approach for a deeper focus.
Entrepreneurship in our country can be measured at levels such as:
entrepreneurial attitudes, entrepreneurial skills and entrepreneurial
aspirations. Integration of such levels concludes at a low level of
entrepreneurship (based on the latest annual assessment 22.5),
though recent years the health of the entrepreneur's ecosystem is on
a steady rise.

4.

Industry 4.0 adaptation in Sideral Company

Implementation of Industry 4.0 is designed based on strategic and
important steps. In that context, supply chain and physical logistics,
are aspects that undergo greater metamorphization in the entire
implementation framework.
Step 1: Readiness factor calculation

Human Development Index (HDI) [7]. Demonstrates the country's
human development status through components such as: life
expectancy at birth, expected years of schooling, average years of
schooling and gross national income per capital. Our country,
relating to the statement on the overall score of 0.791 at the range of
0-1, is represented by governance at acceptable stability rates,
average health access, development not in emphasized dimensions
of unification and education on average levels. The index represents
strategic importance in adapting Industry 4.0, because human
capital can assist massively, or completely prevent implementation
of Industry 4.0.

Readiness factor is in most cases defined as a stage between four
industrial revolutions [14]. This can be understood even as the
decision-making process because management has to decide
whether their company is ready for the complete automatization or
not. In general, are known two calculating methods:
External method
Internal method
External method [15] allows us to calculate the readiness factor
according to a national adaption. Analysis in Albania has been
made regarding in the criteria of communication level and
automation in sector of product development, technology, logistics,
quality control, PLM and others. In most cases readiness factor
according this method, consists of two elements: structure of
production and drivers of production. On the other hand, structure
of production consists of two other dimensions: complexity (is used
to analyse how country’s different types of knowledge and
technology are combined with each other in the manufacturing
sector) and scale (Manufacturing Value Added). According to
“World Economic Forum”, Albania presents following results:

Environmental Performance Index (EPI) [8]. Reflects the vitality
of the ecosystem, and serves as an instrument in adopting Industry
4.0. Based on the overall assessment, Albania reflects an average
score (49 from the range 0-100). It relies on environmental policies
with average efficiency. Consolidating this item can significantly
increase total environmental performance. The Industry 4.0 helps
heavily on improving such an element.
Industrial Production Index (IPI) [9]. It identifies common
quantitative and qualitative progress in volume of the Gross
Domestic Production part. Based on its industrial production and
indicators, we study the country's current potential. Progress
towards Industry 4.0, among others, requires a constant and
adequate production environment. In monthly terms Albania
presents a significant decline in industrial production, (-22) justified
by the pandemic situation.

Complexity=3.9
Scale (manufacturing value added) =1
Total structure of production referred to the weight of above
elements results:
Structure of production=complexity (60%×3.9) +scale (40%×1)
=2.74

Industrial Competitiveness Index (CIP) [10]. Reflects the role of
subfactors such as: the capacity to produce and export produced
goods, technological deepening and global impact. At a range of 01, Albania is estimated at 0.008, which means significant
restrictions on industrial management, and policies at modest levels
of adaptability.

Similarly, we act for drivers of production. The result of its six
constituent factors, is provided:
Technology and innovation=3.4×20%=0.68
Human capital=4.6×20%=0.92

Structure and drivers of production [11]. Both factors are part of
“readiness factor”, which represents strategic importance in
implementation. Therefore, to successfully master Industry 4.0
readiness, calculation of upper factors presents strategic importance.
Interestingly, there has been a quick escalation in the number of
Industry 4.0.0 readiness models in the recent few years. However, it
has also been discovered that a large number of academic Industry
4.0.0 readiness models are not known in Albania industry, as they
are less pragmatic in terms of fast-moving objectives of industry.

Global trade and investments=3.7×20% = 0.74
Institutional frame=4.7×20%=0.94
Steady production=6.2×15%=0.93
Request environment=3.2×5%=0.16
Drivers of production=0.68+0.92+0.74+0.94+0.93+0.16=4.07.
As we see the drivers of production score is higher than the
structure of production score [16]. That let us understand that
technological aspect (and its components) affects mostly the total
readiness. The country's readiness in this approach does not reflect
optimism of implementation.

Analytical results
The proposed analysis describes the capability of Albania in
adapting Industry 4.0. The adaption was affected by external and
internal factors. The acquired results unfold how governments can
address issues related to Industry 4.0. In addition, international
trade, partnership with high-tech companies, and advancement in
technical schools would represent adequate intensification for a
digitalised ecosystem approach. Dealing with Industry 4.0 as a
socio-technological challenge attaches particular importance to the
holistic integration of production and society. In that context, the
needs for change in Albania consists on: the propriate basis of
knowledge on the operating market-operation between researchdevelopment institutions and focus on obstacles. While further
adaptation opportunities refer to: capacity in internal dimensions,
influence of political instruments, obtaining a resilient environment
towards changes and awareness at a trade level.

On the other hand, internal method [17] calculate readiness factor,
using another scenario. The high importance in this method has the
integration of hardware, software, human and organisational capital
within the company. This method, helps us determine the
digitalisation level within the company. In this point of view,
internal audits and the use of the DSS could increase value. Based
on Sideral company, general and technical questions help determine
the level of technological development. The company has
successfully adopted basic technology’s in order to provide highquality products, service in contemporary standards, proper
conditions for the employee, and provide a more protected
ecosystem. Partial lack of digitalisation does not create
insurmountable barriers. Through evaluative alternatives:
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ready with minor modifications

model under the prototype is to help warehouse operations in
redefining and modernization of the ordering processes and
significantly lower operational costs. For the very nature of
products traded voice-picking is thought to be optimal choice,
which is well integrated into further implementation software.

ready with medium modifications
ready with major modifications
not ready – drastic modification required

2.
Sensors presence on product lines. The contribution of
sensors in obtaining the IoT within the company is really huge.
They also help identify overall physical logistics, in the added chain
of value, etc.

not ready – no benefits of Industry 4.0 in the future
and based on modelling reasons, we can operate with “ready with
major modifications” [18] alternative.

At such an experimental phase, human capital training receives
strategic importance. The prototype can result successfully and
achieve positive results, if employees are better skilled and integrate
with all dimensions. This way increases significantly the role of
human capital and its adaptation to the environment or work within
the business ecosystem.

Step 2: Business field planning
Major changes are required for Sideral company so it could adjust
to the concepts of Industry 4.0. Based on the final purposedigitalization of business modules, below we present the
implementation objectives:
High flexibility. It provides for the company rapid
response and operating pace, approving innovative digitalised
distribution.

Step 4: Prototype evaluation
In this step prototypes considered above, are subject to specific
analysis and evaluations. Estimates are examined at the moment
when changes in total ecosystem performance are noticed. This step
is worth showing how much we would benefit from the proposed
models. Hence, following estimates are based on adequate ability
and treatment of human capital.

Precision. Through solid, accurate and real-time data, we
provide the right decision at different indicator levels.
Efficiency. It is provided by the automation of physical
tasks, the process planning, control and exchange of information.
Technology adapts to the product offered in the market.

Voice-picking, present a technology in which each operator
equipped with a voice selection device (earbuds, mobile-equipment,
barcode scenario), takes the order and tasks it must perform. Such
equipment also includes multi-model reactions, so the operator's
voice returns the information again. The coordination and
performance obtained is quite high. Among other benefits mention:

Focused on segment techniques, mass personalisation, specific
advancement practices, will help Sideral company provide solution
packages in all modules. However, meeting such goals faces
challenges as follows:
Lack of management support

1.
Increased accuracy. Using voice-picking actions such as:
scanning barcode, filling paper documentation or oppression in a
computer system are eliminated. The coordination within the
warehouse increases by 85% accuracy.

Financial constraints
Unwanted changes
Lack of proper expertise

2.

Legal restrictions

Increased productivity by 35%.

3.
Faster training. Through this simple and practical
solution, store operators not have to learn complicated
documentation, active data or procedures, but sufficient focus on an
innovative technology

Lack of policies and government supporters
Based on objectives and challenges mentioned, lets address more
detailed steps.

4.
Step 3: Prototype development

Secure storage.

On the other hand, sensors help control the conditions and
functioning of trading materials. This helps increased productivity
managers and minimize repair costs. They provide:

The benefits of basic technologies [19] integration can appear
within a considerable time range. Our implementation effects three
main directions as follows:

a.

Free information and high powers of processing data.

b.

Transformation of traditional inventory management.

c.

Comprehensive maximization of quality in work.

d.
High efficiency in helping reduce the job, and quality
control costs.
The success of this step creates real opportunities for integration
between prototype and other technologies of Industry 4.0.

Fig. 1: Influential directions of Industry 4.0

Step 5: Prototype replication

This step consists of modelling a basic prototype to gradually
assess needs, changes and benefits. The Sideral company deals with
trading construction materials, and referring to the upper plan of
implementation, intervention in warehouse would be ideal to
present modest changes. In addition, other modules such as:
finance, the sale, etc. are presented in a simpler framework than the
warehouse directly related to work, persons and the work
environment. The prototype is presented modest both in financial
and operative terms. To reduce the most emphasized problems in
the top three dimensions, our prototype affects two directions:

Human capital training it's realized in both upper steps. Hence,
in the following steps, the adaptation of technologies is facilitated.
The changes that follow this phase have a substantial effect on
traditional roles within the organization and better integrate existing
technologies.
Constant pressure on the increasing number of orders, and fast
processing identifies the need for a successful form of management.
Warehouse Execution System (WES) [21], aims to address and
improve such aspects of the company:

1.
Voice-picking [20] technology. The voice-led warehouse
uses recognition of the word to direct employees where to go and
how to find stored materials. The primary goal of selecting this
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1.

Improvement in human decision.

2.

Real-time execution of customer orders.
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3.

High productivity by 15-30%.

4.

Access to transportation difficulties.

development. Implementation method used, has been integrated and
the influence dimensions of Industry 4.0. After sometimes it will
replace and substitute the way of the traditional practices of
manufacturing and trading. Basic technologies in each
implementation step integrate with elements of the business for a
comprehensive digitalization.

WES transformed into an essential part for IoT operation and
creates major facilities in adopting other automatic technologies.
Construction materials traded in Sideral companies are problematic
for employees who have direct contacts with them (form, size,
weightiness). To avoid such problems, it comes to us Automated
Guided Vehicle (AGV) [22] technology. Such technology provides
important benefits:
1.

High security of employees and structures.

2.

Modest work costs.

3.

Increased accuracy and productivity.

4.

Simplification of inventory and ordering processes.
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Conclusions

This study enabled us to recognize Industry 4.0 in another
dimension. The immediate possibility of adaptation of industrialized
countries has always reflected images, which create numerous
adaptation barriers for other countries. Started from the generic
meaning of Industry 4.0, we have tried to adapt Industry 4.0 to a
less industrialized country like Albania. Through analyzing the
potential and country adaptation, we devise improvement
opportunities and concrete plans, which are valid for different
operating areas. Trade is one of the activities that better identifies
business in Albania, therefore the presenting of Industry 4.0 in such
direction would more clearly express its basic meaning and purpose.
The adaptation of basic technologies according to the real needs of
the company enables growth and gradual implementation
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Abstract: In the presented paper is examined the need for digitalization of cultural and historical sites. Approaches for 3D digitalization by
using 3D scanners and photogrammetry are presented. A 3D printing of digitalized objects is accomplished. The photogrammetry method is
examined and used as a possible solution for the digitalization and creation of 3D models. The models can be explored by visually impaired
people. A monument from the Cultural and Historical site of Bulgaria is 3D digitalized and 3D printed by using a drone, photogrammetry
software, and 3D printer.
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1. Introduction
The preservation of cultural and historical monuments,
buildings, objects, sites, etc. nowadays is an actual and interesting
topic. By using different approaches, preservation and
digitalization is affordable and can be used for different purposes.
The most important is that nowadays the world loses the culturalhistorical monuments faster than they can be digitalized [1].
Another one of the purposes is presenting the content of culturalhistorical sites to visually impaired or blind people, which will
allow them to explore the monuments, to increase their quality of
life. Thus it allows exploring sites all over the world without
leaving your home.
Photogrammetry is an affordable way to digitalize monuments,
buildings, etc. The main feature of photogrammetry is that it starts
from 2D image analysis to find 3D shape information even if the
approach used is sometimes different. Initially, the goal of
photogrammetry is to measure the position of a set of 3D points.
The main purpose of photogrammetry was for cartographic
purposes. Therefore the technique is related to achieving the best
access to metric accuracy. More precise and expensive methods are
3D laser scanning technologies [2, 3, 4, 5].

Fig. 1. Tactile tile of Pavia tapestry

Applications: reverse engineering, quality control, and preservation
of cultural and historical heritage. An example of the preservation
of cultural heritage is shown in fig. 4. By using the 3D scanner, the
object is scanned, processed, and after that3D printed. This method
is great for small objects, but it is not convenient for using it for
large objects.

The paper presents a 3D digitalization method and 3D printing
of Vasil Levski monument, a national hero, and a fighter for
Bulgarian freedom.

The 3D modeled and 3D scanned objects were 3D printed with
ProJet 460Plus full-color 3D printer (Fig. 5) is one of the most
affordable color 3D printers in its class concerning the ease-of-use
it provides. It incorporates 3 CMY color channels.

2. State of the Art
Nowadays the technologies provide a wide range of types of
digitalization such as 3D scanning, 3D modeling, photogrammetry,
etc.
By using 3D modeling techniques, the team has expertise in
3D digitalization. Part of the authors of Prof. Karastoyanov team –
head of Embedded Intelligent Technologies and SMART LAB,
together with the team of Prof Virginio Cantoni – head of
department Computer Vision & Multimedia Lab from Pavia
University took part in the exhibition “Pavia. The Battle. The
Future – 1525-2015, Nothing was the same again” organized as a
satellite event of EXPO 2015 in Milan. Seven famous medieval
tapestries were shown as tactile plates to visitors including the
visually impaired who could touch them, shown in fig. 1. The
tactile tile has a Braille annotation in the characters, as well as a
legend for the annotation. As well as characters from the tapestries
were extracted as 3D models, which were again introduced to
visually impaired and blind people, shown in fig. 2 [6].

a) 2D original source

b) 3D modelled object

3. Methods and Means
Another approach for 3D digitalization of cultural-historical
sites is by using 3D scanners. The SMART LAB team uses a 3D
scanner Creaform VIU Scan, shown in fig. 3 for the digitalization
of small objects of cultural and historical sites. The scanner has the
following parameters: 18 000 measures per second, geometry
resolution of 0,1 mm, accuracy up to 50 μm, graphic resolution
from 50 to 250 DPI, 24 bit sRGB, depth of scanning – 30 cm,
output formats .ma, .dae, .obj, .x3dz, .x3d, .zpr, .wrl, etc.

c) 3Dprinted object
Fig. 2. 3D digitalization and 3D printing of 2D object
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Technical specifications include 300 x 450 dpi resolution, 0.1
mm layer thickness, and 203 x 254 x 203 mm (X, Y, Z)
dimensions of the maximum printed object. The input data file
formats supported are STL, VRML, PLY, 3DS, FBX, ZPR. [6].

4. 3D Digitalization by Using Photogrammetry
Using photogrammetry for generating accurate and detailed 3D
imaging models is a great and relatively affordable option, also are
provided tools for this method, aiming to be used by a wide
community of users at a limited cost. Different types of processing
tools or acquisition procedures based on the type of object to be
investigated (assessment of geometry, texture, spacing, shape
complexity, etc.) need to be considered. The Photogrammetry
definition states that: Photogrammetry is an art and science to
determine the position and shape of objects in the photographs [2,
3, 5, 7, 8, 9].
For digitization to preserve monuments and sites of cultural
and historical heritage, as well as to create 3D models, it is
necessary to carry out a methodology.
• Selecting a suitable digitization site;
• Use of appropriate imaging techniques;
• Technique setup - using drones - flying speed, shooting
interval, radius, height, etc.;
• Processing of the data obtained from the technique (photos,
videos);
• Selecting the right software to create 3D models from 2D
images;
• Image processing in software for photogrammetry;
• Processing the obtained 3D model;
• Preparation for 3D printing;
• 3D printing.

Fig. 3. Portable 3D scanner

The last two steps of the methodology are to create 3D models
that can be provided for example to disadvantaged people (visually
impaired or blind) who cannot enjoy the rich cultural and historical
heritage, except by "seeing" the object by tactile perception.

5. Experimental Results

a) Object of cultural heritage

Following the established methodology and using a drone in
synergy with software for photogrammetry is 3D digitized a
monument of cultural and historical heritage in the town of
Lovech, Bulgaria. On the monument is the fighter for freedom of
Bulgaria - Vasil Levski, shown in fig. 6. The monument was
opened on 27 May 1964 and it is the largest and most impressive
monument of Vasil Levski. On a 5-meter granite, pedestal stands a
height of 9 meters high and a mass of 10 tons, a sculptural and
architectural monumental figurine of Vasil Levski. The total height
of the monument is 14 meters. Under the figure with brass, letters
are written "Vasil Levski (1837 - 1873). If I win, I win for the
whole nation, if I lose - I lose only myself". The monument is part
of the coat of arms for 40 years, and a symbol of the city. It is
located in the Varosha Architectural and Historical Reserve. The
construction of the monument was accomplished thanks to the
head of the Education and Culture Department of the People's
Council of the People's Republic (Lovech) Genoveva Sirkova,
which in 1959 submitted a proposal for its construction with the
motivation that the city is the capital of the great Apostle and the
most of his time he spent in Lovech [10].

b) 3D printed object

Fig. 4. 3D digitalized object of cultural-historical heritage object

The dimensions of the monument are impressive, the use of
stairs and specialized techniques for reaching and digitizing with a
3D scanner makes the task labor-intensive, expensive, and risky.
For this reason, a drone and photogrammetry were used.
More than 200 photographs from different angles, heights, and
positions of the monument were made to achieve the goal. An
exemplary position of the pictures is shown in Fig. 7. Also,
additional photos are taken from the top.
In fig. 8 is the 3D reconstructed object model. The
reconstructed model is prepared for processing. After the editing
and additional modeling, the monument is cleared of unnecessary
details such as trees, shrubs, and others. The next step is preparing
for 3D printing shown in fig. 9.

Fig. 5. 3D Printer ProJet 460Plus
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By using the methodology, digitizing, 3D printing the model is
an incredible way offered by modern technology. This way of
presenting monuments of cultural and historical heritage enables
these objects to be scaled and given to the hands of blind users. On
the other hand, these models can be implemented in the teaching
process, to be used in schools for teaching. The printed model is
shown in fig. 10.
This innovative method for 3D presentation of cultural and
historical sites by 3D models for the disadvantaged (low-sighted or
visually impaired) targets a societal challenge: "health and quality
of life, cultural and historical heritage, ICT". By using this method
and scaling the large monuments will allow the visually impaired
people to explore them.

Fig. 6. Monument of Vasil Levski

Fig. 9. 3D Edited model

Fig. 10. 3D printed object from
cultural-historical site of Bulgaria

6. Conclusion
In conclusion, it can be said that with advancing and developing
the technology of the drones, their cameras, on the other hand,
imaging and photogrammetry software, their use in synergy is a
relatively easy, affordable, and inexpensive way to digitize
monuments, buildings, and objects of cultural and historical
heritage. The methodology allows the use of these objects by
disadvantaged users (visually impaired or blind). In this way, this
group of people is allowed to learn about the cultural and historical
heritage, to improve their quality of life, and to continue exploring
the wonders of the world.

Fig. 7. Example distribution of images, taken with drone

Acknowledgment
The paper is partly supported by the BG NSF Grant No KP-06OPR01/3-2018, and by the Bulgarian Ministry of Education and
Science under the National Research Program “Young scientists
and postdoctoral students” approved by DCM # 577 /17.08.2018.
and by National Scientific Program "Information and
Communication Technologies for a Single Digital Market in
Science, Education, and Security (ICTinSES)", financed by the
Ministry of Education and Science

References
[1] M. Calin, G. Damian, T. Popescu, R. Manea, B. Erghelegiu,
T. Salagean, 3D modeling for digital preservation of
Romanian heritage monuments, “ST26733”, International
Conference "Agriculture for Life, Life for Agriculture",

Fig. 8. 3D digitalized site of Vasil Levski

245

"INDUSTRY 4.0" ISSUE 5/2020

[2]
[3]

[4]

[5]

[6]

Agriculture and Agricultural Science Procedia 6421 – 428,
2015
K. Kraus, Photogrammetry, 1, Dümmler, 1994
I. Aicardia, F. Chiabrandob, A. Linguaa, F. Noardoa, Recent
trends in cultural heritage 3D survey: The photogrammetric
computer vision approach, Journal of Cultural Heritage, 32,
257–266, 2018
A. Laussedat, Mémoire sur l’emploi de la chamber Claire
dans les reconnaissances topographiques. Mémorial de
l’Officier du Génie. 16. Mallet-Bachelier, Paris, 1854
A. Laussedat, Mémoire sur l’emploi de la photographie dans
la levée des plans; par M. Laussedat (Extrait par l’auteur).
Comptes rendus séances l’Acad. Sci. 49, 732-734, 1859
V. Cantoni, D. Karastoyanov, M. Mosconi, A. Setti, CVML
and SMART LAB at the Exhibition (Pavia. The Battle. The
Future – 1525-2015 Nothing was the same again),
Monography in English and Italian, 2016

[7] J. López, G. Jiménez, M. Romero, E. García, S. Martín, A.
Medina, J. Guerrero, 3D modelling in archaeology: The
application of Structure from Motion methods to the study of
the megalithic necropolis of Panoria (Granada, Spain), Journal
of Archaeological Science: Reports,10, 495–506, 2016
[8] L. Inzerillo, G. Di Mino, R. Roberts, Image-based 3D
reconstruction using traditional and UAV datasets for analysis
of road pavement distress, Automation in Construction, 96,
457–469, 2018
[9] G. Barbieri, F. Pinto da Silva, Acquisition of 3D models with
submillimeter-sized features from SEM images by use of
photogrammetry:
A
dimensional
comparison
to
microtomography, Micron, 121, 26–32, 2019
[10] T. Tonchev, Notices of Historical Museum-Lovech, 14, How
did the NAC and GC ICs realize the idea of building a
monument of Vasil Levski in Lovech (25 April 1959 - 27
May 1964) pp. 162-188, 2006

246

