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FULL-SCOPE SIMULATOR FOR ERGONOMICS STUDIES
IN HUMAN-ROBOT COLLABORATION
Hans Buxbaum, Sumona Sen
Robotics Laboratory – Niederrhein University of Applied Sciences
Faculty of Industrial Engineering, Reinarzstr. 49, 47805 Krefeld, Germany
sumona.sen@hs-niederrhein.de
Abstract: Robot-based assistance systems are taking on a large number of tasks in the manufacturing industry. Thereby, they are acting
more and more autonomously and are also able to work directly with humans in applications of human-robot collaboration. This creates a
hazard potential for humans, which is influenced by human factors. In this regard, Situation Awareness (SA) will play an important role. SA
is a construct to map the ongoing mental processes of a person interacting with a complex situation. This paper describes the conception of a
full-scope simulator as a model of such a system in an experimental environment. Different environmental influences can be created and
reproduced in the simulator. With this simulation, disorders and possibilities of attentional control, conclusions about the situational
awareness of the probands are expected to be considered. The simulation is completely autonomous and allows an experimental design with
several probands. The simulator will also allow comprehensible and repeatable scientific experiments based on the SAGAT method.
Keywords: HUMAN-ROBOT COLLABORATION, FULL-SCOPE SIMULATION, SITUATION AWARENESS, SAGAT

1. Introduction

3. Modes of HRI

Human-Robot Interaction (HRI) aims to keep people and their
cognitive abilities an active link in the manufacturing chain. On the
one hand, the quality and productivity increase with high flexibility,
on the other hand, the skilled staff at the same time getting older
and less available. This requires new conditions for direct humanrobot collaboration.

The actual cancellation of the previous principle of the
separation of robot and human in industrial robotic applications by
HRI systems requires a more detailed consideration of the
respective operating mode to the safety requirements. For a safe
HRI, 4 operating modes are differentiated depending on the
collaboration space [2].

HRI systems have different security requirements, in
comparison with industrial robots. The main principle of industrial
robotics, the separation of humans and robots, is abandoned. The
safety-oriented implementation of HRI systems must therefore be
fundamentally re-evaluated. The security fences, which were very
common in the past, can not be used in HRI systems for reasons of
collaboration.

3.1. Safety Rated Monitored Stop
The robot stops if a person enters the collaboration area. As
soon as the person leaves the collaboration area, the robot is
restarted. Humans and robots share the collaboration area but do not
work there at the same time. A protective fence is not required, but
a sensor system must automatically detect the approach of humans.
The safety-rated monitored stop is suitable for the interaction type
Coexistence.

In this paper the idea of an experimental platform is presented,
which, in the context of the HRI, is intended to enable ergonomic
investigations in the collaboration between human and robot.
Experiments with probands under constant environmental
conditions can be carried out, to gain insights into situation
awareness and to enable investigations with different safety
technology. For this purpose, the proven concept of full-scope
simulation in power plant technology will be transferred to the HRI.
The concept and structure of an HRI full-scope simulator is
described.

3.2. Hand guidance with reduced speed
The robot is guided by the operator, e.g. by means of a handle,
which is mounted directly on the robot. The movements and forces
that humans transfer to the robot are detected by sensors and
converted into an immediate movement of the robot. To increase
safety, the speed of the robot is limited. The hand guidance is
suitable for the interaction type Cooperation.

3.3. Speed and distance monitoring

2. Taxonomies of HRI

The robot does not stop when a human enters the collaboration
area. Safety is ensured by the distance between human and robot.
Human and robot work in the collaboration space in the same time.
A sensor system monitors the distance between human and robot,
the speed of the robot is slowed down when approaching. Contact is
not permitted, if a minimum distance is undershot, a Safety Rated
Monitored Stop is triggered. A collision is avoided. The speed and
distance monitoring is suitable for the interaction type Cooperation.

There are three different forms of human-robot interactions [1].
•

Coexistence
in this context means an episodic encounter of robot and
human. The interaction partners do not necessarily have the
same goal. The interaction is limited in time and space.

•

Cooperation
means working towards a higher common goal. The actions
are not indirectly linked and do not follow a clearly defined
and programmed division of tasks.

•

3.4. Power and force limitation
Here is also a sensor based monitoring involved, and slowing
down of the robot in case of human approaching. However, contact
between humans and robots is allowed here. The risk potential is
reduced to an acceptable level by limiting the robots dynamic
parameters. For this purpose, a limitation of the maximum force of
the robot and the dynamic performance, in order to guarantee
freedom from human injury even in the case of a contact. The
difficulty lies in the definition of verified power and force limits for
pain and injury thresholds [3].

Collaboration
means interaction and direct collaboration between human and
robot with common goals and sub-goals. The coordination of
subtasks is ongoing and situational. Synergies should be used.
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Due to the increasing degree of automation, human skills in the
system have a different role, for example in the form of control
activities. The question arises as to which human characteristics, for
example in cooperation with robots, can and should be taken into
account. Among other things, the topics of environment design, task
assignment and responsibilities play an important role.

4. Method of HRI Simulation
The method of HRI requires a special procedure in the planning
of applications. For this purpose, a combination of real test
environment and simulator is used and referred to as a full-scope
simulator. Of course, a large number of simulation methods already
exist in the field of robotics. However, these are limited to the
questions of kinematics (for example accessibility of gripping
positions) or cycle times, depending on the type of simulation and
the application. At best, humans are included in these simulations as
a kinematic model of an ergonomics simulation.

Perception is a conscious sensory experience (proximal stimulus
with subsequent information processing) caused by a physical,
distal stimulus, e.g. seeing, hearing, tasting and smelling, touch and
pain senses. The perception may then be, for example, an auditory
or visual process, whereby further channels of perception may also
be considered. For the perception of environmental stimuli, they
must influence a sensory organ. The receptors of the sensory organ
convert the stimuli into electrical signals that are sent to the brain
via nerves. The signals generated by the receptors are analyzed and
processed on the way to the brain and in the brain itself, until finally
a conscious perception experience occurs. Perception-influencing
environmental factors that could play a role in a full-scope
simulation include i.a. lighting, noise exposure and vibration.

In HRI in particular, however, there are also a large number of
aspects of industrial psychology that should be the subject of
planning for the HRI facility. How is the operator's attention
focused on a particular situation? Is there a connection between
perception and hazard potential that is relevant in the safety
analysis? Such and similar questions can not or not fully be
answered with today's simulators. Therefore, in the full-scope
simulator, processes of HRI systems including all operator
functions are to be completely simulated. These can then be
experimented with any number of probands.

A look at the human perception process shows that, at the end
of information processing, comprehensive mental models emerge
that enable situational perceptions. From the bundle of incoming
stimuli only those are relevant to action, to which attention is paid.
This selection process is based on experience, expectation or
attitudes [8]. The process of how individuals perceive and mentally
represent a great amount of information in order to be able to act
effectively in a given situation is referred to by Endsley as Situation
Awareness [9 ,10]. Situation Awareness is defined as follows:

So far, full-scope simulators have been used exclusively in
power plant technology, especially in nuclear technology. A typical
definition from the literature is as follows:
”A full scope simulator is a simulator incorporating detailed
modeling of systems of Unit One with which the operator interfaces
with the control room environment. The control room operating
consoles are included. Such a simulator demonstrates expected
plant response to normal and abnormal conditions.” [4]

The perception of the elements in the environment within a
volume of time and space, the comprehension of their meaning and
the projection of their status in the near future [11].

Accordingly, a full-scope simulator is understood to be a
simulator that simulates the behavior of the modeled reference
system (here in the jargon of power plant technology: Unit One) in
order to investigate the operator's interactions with the system. The
control elements of the reference system are part of the full-scope
simulation. Such a simulator is used to train operators in dealing
with the regular and irregular operating conditions of the reference
system.

Endsley defines situation awareness as a construct that consists
of three levels. Level 1 describes the perception of the elements of
the environment. Due to inadequate presentation and cognitive
shortcuts, this can lead to misperceptions and wrong understanding
of the situation. Level 2 describes the understanding of the situation
and deals with errors in the correct integration of the information
recording. A lack of mental models or blind trust can lead to wrong
predictions and thus a wrong decision. Level 3 refers to the
prediction of future events. This depends on the expert status of the
person.

In power plant operation, a constant and effective training of the
operators is required. The goal is to drive the power plants safely
and efficiently. Full-scope simulators carry out many important
parts of the training programs. These training programs are
designed to increase the decision-making and analysis skills of
operators and prepare them for problems that may arise during
operation of the actual equipment [5]. Full-scope simulators are
recognized as an effective tool for operator training and are used in
particular for nuclear power plants.

There are various methods for recording the situation
awareness. A distinction is made between direct and indirect
procedures. Direct procedures provide direct access to situation
awareness, while indirect procedures relate to the process of
situational awareness or the outcome of awareness of the situation.
To investigate situation awareness, various process measures can be
used according to Endsley. These include verbal protocols (thinking
aloud), psychophysiological measures (ECG, pulse) or
communication analysis. However, such measures are rarely used
because they allow subjective interpretations or require very
elaborate measurement techniques in detecting psychophysiological
measures. In objective procedures, the knowledge of the person
about the current situation is queried and thus the situation
awareness is measured.

By using a variety of different human-machine interfaces, the
human is directly involved in the simulation processes. There is a
causal relationship between human actions and the resulting system
states. In addition to improving operator performance through
training programs, full-scope simulators are also used to improve
plant and personnel safety, reliability, and reduce operating costs. In
addition, industrial and psychological aspects (human factors) are
also part of full-scope simulations. These include e.g. attention
control and situation awareness.

The Situation Awareness Global Assessment Technique
(SAGAT) method is used to assess and measure Situation
Awareness. Prerequisite for such an investigation is a realistic
simulation environment. The progress in this simulation is frozen at
random times. Then the proband in the system is questioned by an
interviewer about his perception of the situation at those times. For
this purpose, next to the frozen simulation all information sources
are turned off. This process is called Freezing [12].

5. Human Factors and Situation Awareness
The scientific discipline of Human Factors is defined as the
understanding of interactions between humans and other system
elements. These include, in particular, methods, theories and
principles that contribute to the optimization of human well-being
and overall system performance [6]. The term Human Factors
results from the psychic, cognitive and social factors influencing
socio-technical systems. One focus is on the design of humanmachine interfaces, especially on security issues and psychological
aspects [7].
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always be adapted to the respective simulation task. The setup
of the experiment is complex and must be well prepared.

6. HRI Full-Scope Simulator
The idea of full-scope simulation is transferred to HRI
applications. Here, too, the different human-machine interfaces are
to be operated and the human being directly involved in the
simulation processes. As a closed simulation room, a modular,
expandable small room system is available. The dimensions of the
small space must vary depending on the simulation task. On the one
hand, the full-scope simulator is supposed to simulate spatially
close cooperation between humans and robots. On the other hand, it
is important to be able to adapt the available interior space in the
simulator to the respective HRI situation. The requirement for setup
flexibility is therefore essential in order to be prepared for changing
configurations.

•

Simulation experiments: After the preparation phase the
experiments with probands can be performed and documented.

Fig. 1 shows a sketch of this small room system. Controllable
environmental conditions prevail within the room, in order to study
influences of lighting, noise and temperature or to exclude their
influence. The Full-Scope Simulator is used to set up the HRC
system to be tested in order to carry out proband experiments under
specified conditions. The aim is to obtain statistically relevant
statements on situation awareness, perceived safety and focused
attention. Also the probands distraction and error susceptibility can
be investigated.

Fig. 2 HRI Full-Scope Simulator, Sketch from top

6.1. Simulation Preparation
At the beginning of a simulation project in the full-scope
simulator, the task is first of all to define the simulation itself,
design it, and put it into safe and verified operation. There are 9
individual steps to be carried out for this purpose:

Fig. 1 Modular Small Room System, View from outside with door open

The modular room offers the possibility to lead connections to
the devices installed inside of room via a cable opening to the
outside. This option is used to place control units, control cabinets
and other devices outside. In the simulation room itself, devices
such as displays, loudspeakers or lighting installations are installed
as sketched in Fig. 2. For Lighting two LED ceiling lights are
installed (yellow). On the wall, left side of the door, a large display
is mounted (blue). The display is used to inform the proband during
simulation and may also be used for visual distraction scenarios and
industrial background videos. For sound reinforcement, four nearfield monitor loudspeakers plus a subwoofer are installed (red).
The audio installation supplies the entire audible audio frequency
range and can be utilized for any audible signals such as
background noise, noise contamination or communication with the
proband.
On the front wall outside the room is a control cabinet mounted.
The electrical supply cables from the described devices are
connected there, according to the specifications of the test planning,
to the system PLC. Task of the PLC is the timewise correct
switching of the light and sound sources in the box and the
monitoring of the protective devices such as emergency stop switch,
other switches, light barriers or curtains and distance sensors.

Specification: Description of the task with consideration of
the aspects of modeling

2.

Formulation of the question: Defining the desired result by
determining the question and evaluation methods

3.

Configuration: Adaptation of the simulation room according
to the specification

4.

Construction: Installation of the robot in the simulation room
and building of the workplace including fixture and logistic
constructions

5.

Programming: Programming of robot and PLC according to
the specification

6.

Test Run: Check for functionality and feasibility of the
simulation

7.

Verification: Examination of the suitability of the model with
regard to the question from step 2

8.

Risk Assessment: determination of personal protective
equipment (PPE) and briefing of the experimenter

9.

Activation: Release for the experiment series with probands

At any step, deviations from the specification, technical or
ergonomic problems in the implementation, feasibility problems or
hazards can lead to a return to a previous step in the sequence, e.g.
to adapt to critical requirements.

6.2. Simulation Experiments
In this phase the simulation experiments can be carried out. The
simulation procedure in a single proband experiment is done as
follows in 7 steps. This procedure is to be carried out once for each
individual proband:

In a typical simulation experiment in the full-scope simulator,
two phases are used:
•

1.

Simulation preparation: Every simulation must always be
properly set up and prepared. The simulation room must
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1.

Briefing: Explanation of the overall context for the
experiments (done personally by the experimenter)

2.

Instruction: Explanation of the procedures in the simulation
experiment (depending on specification in person by the
experimenter or by media)

3.

Test Run: Carrying out a HRI task in the simulator under the
supervision of the experimenter, if necessary intervening in
the process and explanations by the experimenter

4.

Beginning of Experiment: Start of the HRI procedure in the
simulator under observation by the experimenter

5.

Freeze: Planned stop of the procedure in the simulator and
questioning of the proband in accordance with the SAGAT
method

6.

Continuation of the Experiment: Restart simulation

7.

Interview: Survey of the proband after completion of the
experiment

do it? How can work psychological investigations be meaningfully
designed in this context? There are only few experiences and
insights, the situations in existing HRI applications are extremely
diverse and therefore hardly comparable. Experiments with
probands are difficult to realize, because there is no suitable
experimental research platform for HRI.
In this paper, the idea is taken up and pursued to define a
prototype of such an experimental platform, to develop a conception
and to carry out the construction. In the future, this platform will
allow experiments with probands under freely definable
environmental conditions (such as noise or light) in a real situation,
which can be determined by several follow-up experiments. It is
referred to here as a full-scope simulator based on comparable
applications from power plant technology. Such simulators are used
in power plant engineering e.g. used to train operators in handling
the equipment.
The scientific background is the idea that in experiments with
probands, comparable results can only be achieved, if uniform
conditions prevail and the experimental procedures do not differ
between the probands. Therefore, as a basic principle, the wellknown concept of full-scope simulation is transferred to the HRI.
This concept is the basis for planning the simulator with some
essential configurations. The simulator is then set up, programmed
and commissioned in the laboratory using a modular small room
system. The basic procedure for performing a simulation in the fullscope simulator is defined and a pilot installation is described.

The PLC performs a freeze according to the SAGAT method in
Step 5 automatically. For this purpose, the process stops, although
planned, but unexpectedly for the proband. The lighting is changed
to darken the workplace, so that the proband loses the workplace
out of focus. Rehearsed noise from the audio system is also stopped.
Instead, the proband is asked questions to query psychological
aspects to Situation Awareness. After the questions are answered,
the light switches back, the sound/noise comes back on and the
frozen process continues automatically. The experiment is
continued according to step 6. The freeze, according to step 5, can
be carried out several times automatically by the PLC, depending
on the specification and planning of the experiment.
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TECHNOLOGY FOR IMPLEMENTATION OF OPERATING STATION WITH
TCL-TK BASED STRUCTURES. APPLICATIONS
ТЕХНОЛОГИЯ ЗА ИМПЛЕМЕНТИРАНЕ НА ОПЕРАТОРСКА СТАНЦИЯ
С TCL-TK БАЗИРАНИ СТРУКТУРИ. ПРИЛОЖЕНИЯ.
Mag. Math. Bachvarov D.1, Assist. Prof. PhD Student Eng. Ivanova V.2, Assoc. Prof. PhD Eng. Ilcheva Z.1,
Assist. Eng. Boneva A.1, Eng. Baruh N.3
Institute of Information and Communication Technologies – Bulgarian Academy of Sciences,Sofia, Bulgaria1
dichko1952@abv.bg, zlat@isdip.bas.bg, a_boneva1964@abv.bg,
Institute of Robotics - Bulgarian Academy of Sciences, Sofia, Bulgaria2
iwanowa.w@abv.bg
SD "ЕLL – Danev, Bozhilov &", Sliven, Bulgaria3
n_baruh@abv.bg

Abstract: In this publication is presented a method for design of an operating station based on a TCL / TK - portable open source
programmed platform, implemented for different operating systems (Windows, Unix, Linux, Solaris, Android).
In the article three possible approaches to building an operator station are considered:
(1) Classical approach which is realized by using of “event processing”, “call back” and “graphical tools” features of TCL/TK;
(2) The "Multi- interpreters" realisation using a number of interpreters of TCL;
(3) “Multi- threads" mode, including cooperative working of one or more program threads.
The described approaches are illustrated by presented implementation of an operating station to wireless control system for a group
of intelligent instruments which are designed for laparoscopic surgery.
Keywords: OPERATING STATION, PROCESS CONTROL, TCL/TK, INTERPRETERS, MULTITHREADS, WIRELESS
NETWORKS, LAPAROSCOPY

multilevel hierarchy space about data into the TCL procedures,
assigning an access- number of each used variable. Global type
variables having access- number 0 are accessed into all
application procedures. The local variables having given them
access- number are isolated from the variables with other accessnumbers.
The operators in the TCL/TK applications could be internal
(embedded into the language kernel libraries) or external names
of procedures, defined and located anywhere into the application.
TCL procedures have a number of formal parameters, presented
as names of string variables and interpreted into the procedure
body. Calling of the procedures is doing by their names, followed
by a list of actual parameters. TK operators are of type “internal”
only and have fixed number of named parameters with “default”
pre-defined values. As the parameters are named, to each of the
parameters could be assigned “actual” parameter value. If it
hasn’t done from developer the operator uses its “default” value.
TCL/TK[2] has embedded mechanism for processing of realtime applications. It is realized on the base of registering into the
procedures of program events and binding to them TCL
executing procedures. After registration, these events, at the
moments of their occurrences, could be to start the corresponded
processing procedures. The processing procedures can be
programmed to be working in blocked or unblocked modes – in
the first case the application is blocked until current event has
occurred and corresponded procedure was executed, in the
second the application and the processing procedures (to
registered events) are allowed for executing at every moment .
Registered events may be ones of the Windows program events,
time events, TK events, communication events, global TCL/TK
variables settings and etc.
Using the basic TCL/TK features is possible to create a
number of program tools, useful for Operating station built, as
Automata scheduler (State machine), Graphical user interface,
Serial interface drivers, Embedded data base drivers, Server and
Client TCP interfaces, Embedded HTTP servers and etc. Other
important application of this approach is the mixing of TCL/TK
and other external programs to be used the TCL/TK
infrastructure and interfaces. For the purpose is necessary the
external programs to be presented with their C code and linked

1. Introduction
The operating station is a basic tool for the building of a user
interface to controlling systems. According to the requirements
of the controlled processes the operating station software must
possess capabilities for real-time processing, to work in
multitasking mode and to have tools for graphical visualization.
There exist a number of software platforms useful for built of the
operating station structures and functions. Some of them, as
UNIX, Linux and Windows are designed as operating systems
with embedded features needed for different applications.
Other approach is using of the open source program products,
realized by the script languages, such as TCL/TK, Pearl and
Piton. They allow executable code and resource requests for the
operating system to be mixed in the procedure bodies. The
procedures, written in concrete scripting language give to the
developer free access to the system resources and shorten
development time.
In this article is shown the developed process of Operating
station, based on the use of TCL/TK under Windows.

2. Basic features of TCL/TK[1]
TCL/TK is a scripting language allowing the developers with
abilities for accessing to the resources of the operating system. It
is designed with “open source” GNU license and consists of two
components: (1) TCL is C-like procedure oriented language, used
for standard algorithms programming; (2) TK consists of
language operators for making of requests to the operating
system resources setting the resource parameters. Both TCL and
TK operators included into TCL procedures are processing
following common language rules. TCL/TK is a string oriented
language. It has only a few fundamental constructs and relatively
little syntax, which make it easy to use.
In the TCL/TK application could be used a number of
program variables, global or local, and constants, each of them
contenting string data. The basic language types of data are
related to the string interpretations of the strings from the
TCL/TK operators: text strings, numerical values, objects, lists of
objects, indexed array of objects and etc. TCL/TK supports
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Simulation (training) block.[5] It contains program
model of the controlled processes. The operator could train on
this model before to send, by GUI and Interface block, his
commands to the real external process devices.

Custom processing block. It is used as internal control
mechanism of the program processes and is based on the use of
embedded software state machines (finite automata structures).
All functional blocks can be designed based on TCL/TK
program structures and tools. As their functionalities are relative
autonomous could be use multi-threads for their software
or
other
types
of
realizations. When are hierarchical
dependencies between the different block functions is existing
the last can be realized using corresponded interpreter hierarchies
structures.
Such solutions are useful as they allow one host machine
program process to be decomposed to set of concurrent logical
program processes, each of them designed as TCL/TK procedure.
Other benefits of this approach are the abilities of data protection
and restricted access to different block resources. On Fig.1 is
shown typical architecture of Operating station.

with TCL/TK libraries together. It is possible to embed into
TCL/TK application external C-coded functions by a modifying
of their headers and converting them to TCL commands. This
approach allows the developer to mount new interfaces to the
applications.

3. Advanced features of TCL/TK.
3.1. Interpreters [2]
Typically, TCL/TK application uses one interpreter of all
TCL and TK operators. The language model supposes the use of
hierarchical structures including more than one interpreter, each
of which having own set of operators and addressing space. On
the top of the hierarchy is one full functionally interpreter of
TCL/TK code – Master interpreter. It could create a number of
Slave interpreters, restricting any of their standard commands or
creating new commands. This process could be continued and the
Slaves can create Sub- slaves ones, forming hierarchical
structures. Each interpreter of the hierarchy structure has own
name space, isolated from others. It can communicate with his
creator only. The Master and each of the creators have abilities
for accessing to its Slaves resources using alliances mechanism.

Graphical User Interface

3.2. Threads [2]
Tcl/Tk is supporting multi- threads mechanism, allowing to
the developer to create applications including a number of
parallel processed tasks. Threads are multiple flows of execution
within the same process. All threads within a process share the
same memory and other resources. As a result, creating a thread
requires far fewer resources than creating a separate process.
Furthermore, sharing information between threads is much faster
and easier than sharing information between processes.
The operating system handles the details of thread creation
and coordination. On a single-processor system, the operating
system allocates processor time to each of an application’s
threads, so a single thread doesn’t block the rest of the
application. On multi-processor systems, the operating system
can even run threads on separate processors, so that threads truly
can run simultaneously.
After starting, there is only one thread executing, often
referred to as the main thread, which contains a single Tcl
interpreter. Any thread can create another thread at will; it isn’t
limited to starting threads from only the main thread. There exist
messages exchanging mechanism between different threads
allowing task synchronizations. Other useful tools used for
between tasks synchronizations are the shared variables and the
muttexes. Each tread in TCL/TK has own Main interpreter,
unassessed from other threads.

Video
control

Data
Base block

Expert System block

Simulation (training) block
Custom processing block
Interface
block

Comunication block

Fig.1. Operating Station typical architecture.

5. Example of design process of working station
application using TCL/TK under Windows [6].
On Fig. 2 is shown Operating station to wireless control
system for a group of intelligent instruments which are designed
for laparoscopic surgery designed using basic features of
TCL/TK. It is hosted on Laptop PC under Windows 7. The each
of intelligent laparoscopy instruments is sophisticated electromechanical device, executing specific laparoscopic surgery
functions and having embedded wireless controller. The
controllers of intelligent instruments and the operating station are
forming LAN, used for between nodes communication of
messages and commands and using custom designed protocol
and network stack (uMac).
The example demonstrates the operation of the tool by
searching for contact point, detecting the presence or absence of
contact at the top of the tool with a surface, measuring the
interaction force of the tool with a given surface. The obtained
results are visualized in a graphical form and save in a database.
The results are compared with other such results of the program
results.
The range of the commands allows the user or doctor to
control the device and motors, actuators, sensor –force and
position, which are connected to the microcontroller.

4. Operating Station Architecture [3],[4]
The typical architecture of an operating station includes a
number of functional blocks as:

Interface block, providing the connection of the
operating station to external devices by wire or wireless means.

Communication block, providing communication with
a remote client or server over the Internet;

Graphical User Interface (GUI), providing operator
interface to controlled technological processes using program or
graphical tools;

Video control, including image processing program
tools used in real time visualization;

Data Base block, supporting the work with a number of
embedded Data Base packages;

Expert System block, a piece of software programmed
using artificial intelligence techniques. Such systems use
databases of expert knowledge to offer advice or make decisions
in such areas as medical diagnosis;
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Simulation block consists of the controlled processes
model and State machine (finite automata controlling) and is in
dependence of GUI. Some functions of GUI are binded to the
program events generated from Simulation block software;

Some of basic program functions are Commands for Motion Start and Stop machine, command for insertion and retraction
linear of the tools, Mode-Automatic and manual, current step
positions of the motor, save in samples or save in results,
visualization and comparison of the measuring and etc.
The program is designed for four instruments, but is only
realized for one. The first point is to be selected which
instrument has to work. The Fast Positioning button introduces a
special mode to quickly search the working area.
Motion is a control program button with two alternative
states: Start and Stop Motion of the instrument. It allows and
prohibits the movements (insertion and retraction linear) of the
laparoscopic instrument. Also the movements are forward and
backward. According to the dimension of the step, the stepper
motor respectively the instrument can work in four modes:
 a complete step;
 ½ step;
 ¼ step;
 1/8 step.
The choice of the mode of the motion is via micro-switches
Automatic Control is associated with a program for fast
searching of the force range where are starting the experiment
measurements.
The search is making by doing of micro- step movements to
forward direction, coupled with force measurements by the
embedded sensors, while the force value is less then set by the
operator. When the measurement force value is bigger or equal to
set, a sequence of 300 consecutive micro step movements is
staring. After each of the step movement is measuring, averaging
and sending the result force value on the wireless network to the
operating station.
History includes all commands and rapports during the
communication sessions. They are also duplicated in a file
(archive.txt from Folder Laparoscopy) by selecting the Save
button, located in the top row of the initial screen.
DTBS Samples и DTBS Results are Graphical tools that
provide the operator access to the files stored in the two
databases for eventual visualization and benchmarking. They
have the same organization and ways of working. Each one
includes a list of filenames supported by the appropriate base at
the current time, a sheet for locating a visible part of the list, and
methods for selecting and positioning them in the lists, using
several embedded program buttons.
Operation station of the example includes next functional
blocks:

On the left half of Fig.2 is shown GUI, consists
different TK tools-Canvas, Buttons, Entries, Radio buttons, Text
Boxes and etc. All elements are set by TCL procedures. They are
using “binding” mechanism for detecting and processing preregistered program events, connected to the operator controlling.
GUI sets common variables for activating of other procedures,
waiting on “VWAIT” loops. It is in dependence of other
functional blocks and some of them are in dependence of
execution of GUI actions;

Interface block includes driver procedures for data
stream supporting on the wireless network. It is based on the
serial data processing of messages from wireless gateway device,
connected to Operating station by wires USB. The receive byte
event is “binded” to the driver. The send of byte is doing by
“non- binded” driver. Interface block is in dependence to GUI;

Communication block consists of server and client
procedures built using the TCL/TK infrastructure for TCP
processing. It is in dependence to GUI;

Data Base block consists of a number of different data
bases and is in dependence to GUI, Interface and Communication
blocks;

Video- control consists of the special image processing
library BLT 2.0 and is in dependence to GUI;

Expert system block consist of Rule Base and
interpreter of making decision software. It is in dependence of
GUI;

Fig.2. Operating station to wireless control system for a group of
intelligent instruments (GUI).

Fig.3. TCL/TK tools used by Working Station.


Some TCL/TK tools are using to give of the operator
abilities for evaluation of the inteligent instruments functioning.
They are built on Canvas mechanism infrastructure embedded in
TK. Other tools are working with graphical data and are included
in the library Graph. On Fig. 3. are shown applications realized
by these tools. They allow draw in real time of graphs of
incomming data from the network, saving data curves into
special Data Bases, matching experimental data with prototypes
data, controlling of the measurement process.
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6. Conclusion.
The developping of Operating Station is big challenge in the
designing of Control systems. It, being the main operator tool for
monitoring and controlling of the technological processes, is
sofisticated system integrating a lot of subsistems. The use of
generic technology, common language (TCL/TK) with its
features ( virtual paralel processes and embedded librarries )
significantly simplifies the developer's work. The language
abilities for mixing C with TCL codes, adding and working with
precompiled TCL extension packages, the protection of the
application data
(Safe TCL), multi interpreters and
multithreading mechanisms, built-in network connectivity of the
applications and multi-platform supporting makes the TCL/TK a
powerful tool suitable for designing complex dynamic objects of
the type of Operating Station.
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Abstract: In this research, with the installation of Sigfox's antenna in our university, we installed IoT equipment that makes use of the
Sigfox network. As an example of an IoT device, we tried installing it on a water meter to acquire data, such as water usage fee, via internet.
Also, using the system outline, we constructed it as an educational system.
Keywords: IoT, NETWORK TECHNOLOGY, LOW COST, LOW POWER CONSUMPTION, LONG DISTANCE TRANSMISSION,
EDUCATIONAL SYSTEM

A small amount of data is effective for sensors and the like, and
since it does not consume much power it can operate with a battery
for a long time. Founded in 2009, Sigfox is headquartered in France.
It has the following characteristics.

1. Introduction
I will introduce Kyocera Communication Systems’ “Sigfox”
network. In the IoT market, it is predicted that more than 50 billion
IoT devices will be in use in the world in 2020 (Fig. 1).

(1) A global telecommunications carrier specializing in LPWA.
(2) Contract with one business operator per country and that
business operator constructs and operates a network.
(3) UNB (Ultra Narrow Band) communication, which sends data of
only 12 bytes.
Outline of Sigfox network service (Fig. 4).

Fig. 1 IoT device market.

Show issues and communication needs of IoT (Fig. 2).

Fig. 4 Sigfox network service.
(1) Ultra low power consumption (operation with batteries and dry
batteries for several years).
(2) Low cost (1 line (device) annual price 100 yen ~).
(3) Simplification (quick start).
・Providing Sigfox cloud.
・No SIM / pairing setup required.
(4) Global expansion (The same global network, under development
in 36 countries worldwide).

Fig. 2 Issues and communication needs of IoT.

Sigfox (Fig. 3) is one of the LPWA (Low Power Wide Area)
communication networks.

In this research, we installed Sigfox's antenna in our university
and attempted to acquire water meter data with IoT equipment
added via the Internet using the Sigfox network. We also tried to
construct an educational system using that system.

2. About installation of the Sigfox antenna
A university map is shown here in order to examine the location
for installation of the Sigfox antenna at the Hiroshima Institute of
Technology (Fig. 5).

Fig. 3 Introduction of various networks.
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Fig. 8 Sigfox antenna position seen on Google Maps.

The location of the Sigfox antenna is shown on Google Maps
(Fig. 8). Currently, we are able to capture Sigfox antenna signals in
the northeastern part of Itsukushima and near Ujina port in
Hiroshima.

3. Sigfox Area
Fig. 5 University map.

Since it is a downward sloping hill between the Tower Denebu
at the top of the university map and forest of Miyake, Nexus 21, the
Sigfox antenna was installed at the highest position, which is the
first parking lot’s water tower.

Fig. 6 The water tower seen using Google Maps.

The white part ◇ in the center of Fig. 6 is a water tower, and
we installed Sigfox's antenna in the place marked. Also, the Sigfox
antenna can be seen at the right end of the water tower (Fig. 7).

Fig. 9 Sigfox Areas in Japan

Sigfox Areas in Japan are shown (Fig. 9). The Hokkaido,
Kanto, Chukyo, Keihanshin and Fukuoka districts are covered, and
we installed the first Sigfox antenna in the Hiroshima area.

Fig. 7 Water tower photos (The Sigfox antenna can be seen at the right end
of the water tower).
Fig. 10 Areas of Sigfox (Hiroshima area).

12

changes to 01530000000000000000006, and the decimal value of
this value becomes the use flow rate m3. “avgSnr” is 27.52. “lat” is
latitude, 34.0 degrees, “lng” is 132.0 degrees in longitude. “rssi” is
the receiving strength of -124.00 dBm. “seqNumber” is the
receiving number.

4. IoT equipment added to a water meter
Since we installed the Sigfox antenna in Hiroshima Institute of
Technology, we installed a water meter with IoT equipment and
attempted to acquire the data via the Internet.

As a result, it became possible to communicate with the IoTequipment-added water meter, as well as to acquire the amount of
water used via the internet.

5. Education system materials

Fig. 11 Photo of water meter used.
Fig. 14 Sigfox uplink.

A picture of the water meter used is shown (Fig. 11). By using
an electronic water meter, we can measure the water service usage
fee by receiving this meter’s signal.

Fig. 15 Sigfox data description.

Fig. 12 Electronic counter (left) and Sigfox antenna (right).

We receive the electrical signal from the water meter with the
(left) electronic counter and transmitted radio waves from the
(right) Sigfox antenna (Fig. 12).

Fig. 16 Sigfox signal modulation.

Fig. 13 An example of the receive log.

The device is 4CE4FC. “time” is 1510378532. Unix time
displays the elapsed time from 0:00:00 on January 1, 1970 in
seconds and μ seconds (six bits of 32 bits). Converting 1510378532
results in 2017/11 / 11-14: 35: 39. Snr ratio is 27.52 dB. For
“station”, the base station number is 5861. “data” is
01530000000000000000000004. The value of the meter is 2012m3.
When water is flowing the setting changes to 2014 m3, then “data”

Fig. 17 Band capacity.
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Fig. 18 Ultra narrow band enables long distance communication.
Fig. 23 Sigfox Relay.

6. Conclusion
As mentioned above, it is a problem that Sigfox is only being
used in a limited number of areas. As a study to further promote its
popularization going forward, we installed the Sigfox antenna in
Hiroshima Institute of Technology and acquired data from an IoT
equipment-added water meter via the Internet using the Sigfox
network. Through this, we were able to use that system to explain
the mechanism of Sigfox, and we could also put together a basic
education system.
To progress to the next step in the future, we will prepare texts
and the like that can be used for actual lectures and practical
training. These materials will be used to construct an educational
system to let people know what the Sigfox network is, through open
campus events and lectures. To that end, we are conducting new
research specific to Sigfox which includes not only the
measurement of water usage through the Sigfox network, but also
research into social infrastructure fields like electricity and gas
consumption, as well as into environmental fields like weather
observation and others. We aim to promote the further spread of
Sigfox through these efforts.

Fig. 19 Sigfox's core service.
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Fig. 20 Sigfox's small message protocol.
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Abstract: The research part of the survey includes defining and determination the transport capacity in transportation graph where the
potential of railway and bus transport in Bulgaria is rated.
Keywords: NETWORK DESIGN, FLOW CAPACITY

In this paper is considered that for user criteria of
travelling is used “minimum time for travelling” related to the bus
and train transport. The criteria “minimum time for travelling” is
accounted the distance for travelling and the velocity. The
quantitative measurement for evaluation of the journey is accepted
the following rule: the longer journey is equivalent of the smaller
throughput capacity of the transport in this direction.
It is used the following rule:

1. Introduction
The paper concerns a practical problem for the estimation of
needed data for the definition of an optimization problem, which is
intended to be incorporated in the functionality of a web service [8].
The optimization problem is intended to be in a form of bi-0level
one. This form allows to be achieved optimal solutions under more
than one goal function and to respect increased number of
constraint.[1,2]

Evaluation measurement: longer journey  smaller
throughput capacity of the transport in this direction. The
quantitative, analytical evaluation for this assessment is introduce
the equation:
Throughput capacity (conditional) = 1/unit time.

The definition of the bi-level lacks of real data, which have to
be defined by indirect assessments and calculations [4] . this paper
makes an illustration for the indirect evaluation of data, needed for
the definition of a bi-level optimization problem. Such an approach
can be applied for wide real cases, especially for information
services, where the estimation real data is not always available.
The paper applies its approach on transportation network for the
estimation of the throughput of links. It has been given examples
how to perform computational estimations for the throughput and
links capacities, in a transportation graph. The transportation graph
was established by taking into consideration two types of
transportation: buses and railways. These throughputs will be used
in bi-level hierarchical task for intensification of the railway
transportation system. The approach is intended for implementation
in information services, which support network of information
flows.

3. Evaluation of the throughput links capacity of
transportation graph presented by
railway
transportation
Evaluation of the throughput link capacity for the railway
is done using the example of the link presented by transportation
graph in Sofia-Mezdra direction. There are used data from SofiaVarna schedule.
The values for transport capacities on each link must be
estimated and allocated on the graph. It will be beneficial if these
capacities are related with the real public transport flows.
Unfortunately such data are not available nighters to rail no to bus
carriers. An alternative way for evaluation of the flow capacities on
the links is suggested for this research. It has been taking into
consideration the duration of the transportation per different links of
the network. The customers of transportation services like the small
duration of their travels. Thus the smaller time for traveling
between couple of nodes gives more preference for traveling on this
direction by the customers. Additionally the long travel time is a
metric for low capacity for transportation per corresponding link.
Thus the transport capacities per link in the network were strongly
related with travel time per this link. For the current case it has been
chosen simple relation between the travel time tij per link and the
flow capacity vij:

2. Quantitative evaluation of the passenger
throughput for transportation of the links in graph
The capacity of the throughput for separated links at the
graph has to be evaluated and defined. One realistic approach for
throughput links in the network is to be used data for the passenger
flows which are defined using selling tickets for given direction.
Unfortunately, the data are not available because there is no
information system for selling tickets of the railway transport for
entire country. Another limitation is missing data for a passenger
flow form the private bus companies (coaches).
Because of limitation of the size and type of the output
data for working regime using integrated transportation system,
there are evaluated the throughput capacity for each link of the
graph.
These throughputs capacities are defined by the link
capability and link potential of the graph for maximum passenger
flow of the particular link.
The values of the “throughput capacity “ for different
type systems are defined as:
[volume liter/per unit time ]- for the systems of fluid
transfer;
[number messages/per unit time] – by the communication
systems;
[number vehicles /per unit time] – for control of public
transport.
The presented examples define that, the value [1/unit time]
evaluates the value of conditional flow without measurement
physical content of the flow. [3, 6]

vij = 1/ tij

i,jε N

(1)

Relation (1) can be complicated, tacking additional
consideration, for example cost of travel, but to simplify the
numerical evaluations, this research applied simple form of (1).The
numerical
evaluations
use
the
schedules
of
the
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train,fig.1.

Fig.3. Example for bus schedule
The evaluation of the links capacity of transportation
graph presented by bus transportation are used the following data,
see the Figure 3.
For the example of Fig. 3 the bus schedule starts from
Sofia and its destination is different from Varna. But this bus line
from Sofia to Popovo carries passenger’s transport, which is also
performed by rail transport in the same direction from Sofia to
Popovo. Therefore, the bus services are reported only in the part to
which they cross the railway line of Sofia - Varna in one of the
nodes. Consequently, the crossing capacities of the transport graph
supported by bus transport are reported only to the parts of the
network where the bus connections cross the train connections. For
the case of Fig. 3 This intersection is the town of Popovo (line 3 in
Figure 3). This means that from Sofia to Popovo there are two
modes of transport: by train and by bus. Therefore, a connection
from Sofia to Popovo, which is supported by bus transport, is added
to the transport network topology. The transport capacity of this
link is 5 hours and 18 minutes or 318 minutes (from 13:30 to 18:48)
or the transport link capacity is 1/318 relative units. By integrating
all capacities on the bus lines running on the same link of the
transport graph, the total capacity of each link in the log is obtained.
The calculations for the mean transport time of the transport link
supported
by
bus
transport,
Similarly, schedules of three bus lines that cover the entire SofiaVarna route are added. [5]
It has been added the schedule analogically for three bus
lines covering the whole route between Sofia-Varna (GO).

Fig.1. Schedule of trains Sofia – Varna
The travel duration for the first two nodes on fig 1, link
Sofia- Mezdra , is 1 hour and 26 minutes (86 minutes, from 7:00 till
8:26). Using (1) the link capacity for transportation between these
two nodes of the network is: 1/86 = 0.011 relative capacity units.
Taking into account from fig.2 that 5 trains support this destination
the capacity for transportation on daily basis is: 5 trains x 0.011 =
0.055 relative capacity units. This evaluation considers that the total
capacity value is a sum of the individual capacities, performed by
the different travels of the trains, according to their schedule.
Applying this manner of evaluation of the link capacities
for the different trains on daily schedule between Sofia and Varna it
has been identified the values of the link capacities, where the
results are given on fig. 4.

5. Evaluation of throughput links capacities for the
entire graph
The presented task has huge volume and requires
significant calculations. The order of computational steps is the
following:
There are defined all crossing points between the bus lines
with railway nodes, see Sofia – Varna route.
There is calculated the time for all buses lines, which
cross the railway nodes.
There is defined the general throughput link capacity for
particular direction of bus transportation.
There have been analyzed 55 bus lines with their
schedules and there have been defined the nodes with crossing
points between bus and railway transport. In this way there are
derived the mean values and it is evaluated the time travelling of all
55 bus lines over the whole transportation graph.
The results of throughput link capacities are given in
Figure 4. These calculations are made using data from the schedules
of the bus and railway transportation flows between Sofia and
Varna for a year 2017 [5].

Fig. 2. Schedule of 5 trains per day in Sofia-Varna direction
(ГО)
The total capacity of all lines on a given route is defined
as the sum of the individual capacities. Using this way of assessing
the capacity of the links for different trains on the daily schedule
between Sofia and Varna, the values of the links capacity were
determined.

4. The evaluation of the throughput links capacity
for transportation graph presented by bus
transportation
The evaluation link capacities, supported by bus
transportation uses input data, presented in their time schedules,
which are approved by the State Agency for transportation. These
data are described in forms, given on fig.3
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Figure.4. Common graph structure of the railway and bus transport for a year 2017
.
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Abstract: This research is focus on advanced modelling and design of complex interconnected processes. These processes are characterised
by multiple inputs, outputs and state parameters as well as non-linearity, non–stationarity and uncertainty due to environmental
disturbances. There are presented two models for deep learning and knowledge extraction using methods of multivalued logical and
probable functions and networks model. These models can be applied for complex processes in the area of environment, transportation and
complex systems working under uncertainty.
Keywords: COMPLEX PROCESSES, UNCERTAINTY
An example for a LPF of one output y1 of the process is
presented in Table 1.

1. Introduction
Finding a relation between inputs and outputs of complex
processes and building an adequate process model is usually the
main control objective for these processes. However, the presence of
uncertainty as a result of multiple factors, environmental behavior
and immeasurable inputs makes the modelling of such processes
quite difficult. This is the reason why existing data mining methods
have to be supplemented by methods of random functions theory and
multi-valued logic. The main advantage of using knowledge based
systems for complex interconnected processes is their ability to
remove or at least reduce the uncertainty by means of evolvable
knowledge extraction based on experimental data in real time.

<Ly1, p{Ly1}>=F{Lx1, Lx2, Lx3} where Ly1 is the logical
output, Lx1, Lx2, Lx3 are the logical inputs and p{Ly1} is the
probability of occurrence. A five degree multi-valued logical system
k=5; A5 {a1, a2, a3, a4, a5} is used where the degree of the logical
system k is 5. Each grouping sequence set GLNr from the multivalued LPF (MLPF) is a production rule of the knowledge base for
the process where r=1†4.[2].
Table 1

MLPF <Ly1, p{Ly1}>=F{Lx1, Lx2, Lx3}

2. Model of Complex Processes
The complex processes are characterized with two kind of
complexity quantitative and qualitative complexity. Quantitative
complexity includes large number of inputs, large number of state
parameters, large number of outputs. Qualitative complexity
includes
non-linearity,
non-stationary
and
uncertainty,
environmental disturbances and immeasurable of some inputs.

In this case, MLPF is a knowledge base, whose knowledge is a
system of production rules ordered by the columns.
Each column from Table 1 is a production rule or a knowledge
base. For example, from column j=2, for grouping sequence set
GLN2 with probability of occurrence p{GLS2} , the associated rule
is:
If < Lx1= Lx21, Lx2= Lx22, Lx3= Lx23>
Then
< Ly1=a1 with probability p{Ly121}
Ly1=a2 with probability p{Ly122}
Ly1=a3 with probability p{Ly123}
Ly1=a4 with probability p{Ly124}
Ly1=a5 with probability p{Ly125} >,

Fig.1 Structural network model of complex systems
where u1-ur are are the inputs
v1 – v I environmental disturbances
y1 –ys are the outputs
xj –x j+1 are state parameters.

5

p

3. Novel modelling of complex processes using
Logical Probability Functions (LPF) for evolvable
knowledge extraction.

where

i1

ij

(1)

1
for j=2.

4. Models with evolvable knowledge bases

The strength of the proposed approach lies in a new combination
of methods from several different fields such as set theory,
probability theory and multi-valued logic. The combination of these
methods leads to a novel hybrid approach for knowledge extraction
in complex processes - the LPF approach – that handles successfully
the simultaneous presence of non-linearity and non-stationarity [1].

Using new data sets in real time generates packages of numerical
values for inputs and outputs that are updated values of LPFs (B.
Vatchova, Derivation and Assessment of Reliability of Knowledge
for Multifactor Industrial Processes, PhD Thesis, Bulgarian
Academy of Sciences, 2009). [1].
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This evolvable knowledge base is a model that is a combination
of production rules with the structure „If logical values of
measurable inputs, Then logical values of outputs supplemented by
probabilities of occurrence‟, as shown in Figure 1.

between the logical values of the elements of intermediate layer and
output layer; R*GLNrLy is the relation between the frequency of
occurrence of the elements between the intermediate and the output
layer.

In Figure 1, UGPLq is a unified grouped package, q is the
number of UGPLs, GPLp is a grouped package, p is number of
GPLs, PLr is an individual package, r is the number of PLs, KB is a
knowledge base and L is used, MLPF is a multi-valued LPF and L
means „logical‟ as a last letter in any acronyms. In this case, the
knowledge base evolution is applied periodically by replacing old
data with new data [2].

Using the deep model with network structure, logical values and
probability of occurrences of the outputs are calculated for each
combination of logical values of measurable inputs [3].

Ly = RGLNrLy X RLXGLNr X LX
p{Ly}= R*GLNrLy X R

*

LXGLNr X

(2)
p{LX}

(3)

The LPF network models are similar to neural network models.
The difference between these two network models is that the
proposed approach with embedded LPF doesn‟t have to be trained
like neural networks and the elements are with computational and
logical operations.
The research is multidisciplinary as it considers a wide range of
real interconnected complex processes in the areas of transportation
and the environment. These processes often operate under
uncertainty due to environmental disturbances, vague or incomplete
data.
The interdisciplinary aspect of the research is also obvious
because of the application of several scientific areas such as
computing, engineering and mathematics. The method for
knowledge derivation will use concepts from set theory, multivalued logic, probability theory and statistical method

Conclusions
The model with network structure is better for non-stationary
processes than the model with updatable knowledge base because of
its capability to interpolate new data.
The proposed methodology could be used for a wide range of
real interconnected complex processes in the areas of transportation
and the environment. [4],[5]. These processes often operate under
uncertainty due to environmental disturbances, vague or incomplete
data.

Fig.2.Structure and time relations in models with evolvable
knowledge base

This work has been partly supported by project H12/8, 14.07.2017
of the Bulgarian National Science fund: Integrated bi-level
optimization in information service for portfolio optimization
contract DH12/10, 20.12.2017 .

5. Models with network structure
The inputs to the models with network structure are logical
values of the inputs Lxij(Ƭ), which form the first layer of the
network [3].The set of dominant data sequence sets GLNr is the
intermediate layer of the network. The set of the outputs Lyeq
defines the output layer of the network. The connections between the
elements of these layers correspond to the relations between the
elements of the presented sets and the frequency of occurrence (see
Figure 2). [3].
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The following relations are introduced here: RLXGLNr is the
relation between sets of the inputs Lxij(Ƭ) and dominant grouping
sequence sets GLNr; R*LX GLNr is the relation between the frequency
of occurrence of elements of the sets; RG LNrLy is the relation

19

Vatchova B. Derivation and reliability evaluation of
knowledge for multi-factor technological processes,
Bulgarian Academy of Sciences, Sofia, 2009.
Gegov E.A., B.Vatchova, E.D.Gegov, Multi-valued
Method for Knowledge Extraction and Updating in Real
Time ,Varna, IEEE, 2008, vol.2, p. 17-6 17-8.
Vatchova B., Gegov А.. Production rule and network
structure models for knowledge extraction from complex
processes
under
uncertainty. Chapter
Recent
Contributions in Intelligent Systems. Series Studies in
Computational Intelligence. Editors Sgurev et al.. 657,
Springer,
2017,
ISBN:978-3-319-41437-9,
DOI:10.1007/978-3-319-41438-6_20, 379-390. SJR:0.19
Stoilova, K., T. Stoilov. Hierarchical optimization for fast
resource allocation. Chapter 2 in book “Time
Management” Edited by Todor Stoilov, ISBN 978-95351-0335-6,
InTech
publisher,
2012,
p.31-46,
http://www.intechopen.com/books/time-management
Ivanov Vl. Monitoring of urban road traffic. International
conference аutomatics and informatics Bulgaria, Sofia,
October 4 - 6, 2017, 2017, ISSN:1313-1850, 135-141.

BIG DATA AGGREGATION ALGORITHM FOR STORING OBSOLETE DATA
Assoc. Prof. Alieksieiev V. PhD.1,2, Ivasyk G. PhD.1, Assoc. Prof. Pabyrivskyi V. PhD.1, Assoc. Prof. Pabyrivska N. PhD.1
1
Lviv Polytechnic National University, Lviv, Ukraine
2

Vladyslav.I.Alieksieiev@lpnu.ua, https://orcid.org/0000-0003-0712-0120

Abstract: Many contemporary IoT systems do produce a large scale of data. While a new portions of data come to data storage
(database etc.) all the previously stored data become obsolete. Most of such obsolete data become excessive and can be needed only to see
general trends or anomalies. This research offers an algorithm of data aggregation to minimize the amount of stored obsolete data
according to defined business rules. Some modifications of algorithm are discussed to fit different kind of business requirements. There is
also a comparison of two methods of data merge in algorithm, quantization and clustering, was made.
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period can be a single day or a week, or a month or even a year.
Nevertheless, we should be exact in definition of obsolete data, so
we should rely on accuracy of monitoring and probability of
necessity of data. In general, we can understand necessity of data as
repeated requests for that data and when there are no more requests
means the data is obsolete. This can be compared to the probability
of device becomes broken in theory of reliability or the species will
survive during some period [4; 5]. That is why we use exponential
distribution for the probability the data will be no longer in use. One
can use PDF in the form:

1. Introduction
Let’s start from considering the same IoT based monitoring
system as it was described earlier [1]. Typically, we have a large
number of devices each with a set of sensors. The data from all the
devices and all the sensors is gathered on a server (a cloud storage
or a database at least). Using this data for online monitoring system
causes previous data to become obsolete when several portions of
new data comes to server. It is clear, for example, that data prior to
current day, week or month can be defined as an old data according
to business specifics.

0,
𝑥 < 0,
𝑥
𝑓 𝑥, 𝛽 = 1 −𝛽
𝑒 , 𝑥 ≥ 0.
𝛽

One can ask if there is any need to store such data at all. The
answer would be ―yes, there is‖, if we expect to analyze collected
data and gain some new knowledge or make conclusions about
environment or system we are monitoring. Many researchers and
practitioners in area of data analysis declare statements similar to
[2, p.2]: ―data accumulation can enable deeper insights and help us
to gain more experience and wisdom‖. There are many evidences of
great performance of time series analysis already [3, p.5] and there
is a number of solutions for time series databases [3, p.11].
Therefore, the answer seems to be obvious – we need that data.

Here, x stands for the random variable meaning duration of time
to ―survive‖ and β is a ―survival parameter‖ (probability to survive
during time x). Next, we can define tobsolete=trecent+tcurrent, where
trecent is the time, before current time and needed, for example, for
purpose of operational analysis. Having a number of values Nrecent
we
can
define
trecent=tp×Nrecent.
So,
tobsolete=(Nrecent+Ndisplay+Nwindow)×tp. One may consider probability of
data necessity:

This means for the purpose of data analysis, on one hand, we
have to store many data gathered from all devices and sensors of
our monitoring system. However, on the other hand, not completely
all particular values of the data in the data storage are necessary.
Moreover, some data can even bring excessive information that can
be discarded easily. Each researcher or data analyst or data engineer
will decide by himself about the amount of data needed to make
some reliable conclusions. Nevertheless, fast growing volumes in
data storage can make it impossible or unprofitable to store all
original data for previous years, for example. This situation requires
some balanced judgement with respect to reasonable and effective
software solution.

𝑡 𝑜𝑏𝑠𝑜𝑙𝑒𝑡𝑒

𝑡 𝑜𝑏𝑠𝑜𝑙𝑒𝑡𝑒

𝑓 𝑥, 𝛽 𝑑𝑥 =
0

0

𝑡
1 −𝛽𝑥
− 𝑜𝑏𝑠𝑜𝑙𝑒𝑡𝑒
𝛽
𝑒
𝑑𝑥 = 1 − 𝑒
≥ 1 − 𝜀.
𝛽

This is the CDF at tobsolete, naturally. The value obtained we
compare to business requirements about historical data
involvement. At last, we have the expression to bind tobsolete and β:
tobsolete ≥ β  ln ε–1.

(1)

Value ε(0,1] can be set to 0.1, 0.05, 0.01, 0.005 or 0.001
according to business requirements for historical data involvement
for purpose of analysis of operations (see Table 1).

2. Prerequisites and means for solving the problem

Table 1: Business requirements for historical data involvement.
ε
ln(ε–1)
Business requirement description
1
Light involvement
1/e 0.368
Small involvement
0,1
2,3
Medium involvement
0,05
3
Moderate involvement
0,01
4,6
Strong involvement
0,005
5,3
Hard involvement
0,001
6,9

First, we must define the rule to separate obsolete data and
current data. Second, we should determine types of data values
stored and considered to become obsolete. Then, finally, third, we
can build algorithms for obsolete data aggregation.
Considering data can become obsolete one may think of
necessity to use such data again. In case of real-time monitoring
system, current data is data needed to display the latest state of a
system. Turning back to early-discussed system [1] we can assume
Nwindow as a number of current values and consider these values
necessary to display the latest state. If the time period of a new data
package comes to server is tp, then the whole period of tp×Nwindow
has current data. If the monitoring system must display both the
latest state and some previous dynamic, then the current data can be
defined as tcurrent=(Ndisplay+Nwindow)×tp, where the Ndisplay is the
number of values to be displayed and (Ndisplay+Nwindow) stands for
number of packages currently needed. However, the data prior to
tcurrent period yet cannot be considered as obsolete if business
requires seeing details of some historical period. This historical

One can solve both direct and inverse problems using relation
(1) between tobsolete and β:


Direct problem (finding tobsolete) – when the data become
obsolete according to expected data necessity time β?
 Inverse problem (finding β) – what is the expected data
necessity time according to time tobsolete the data has become
obsolete?
Key parameters for time definitions in our monitoring system
are tp (the period between data packages come to server) and
Nwindow, Ndisplay and Nrecent (a few different values of number of
packages). Through the definition of tobsolete we can find yet
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unknown value for Nrecent or, vice versa, based on operational
analysis needs given by Nrecent we can find the expected data
necessity time.

3.1. Quantization
The key idea of this method for data aggregation is to make
averages within predefined quants. This means to define (according
to business rules or nature of data) some levels of possible values
(quants) and then to split timeline (because we have a time series)
into intervals, within which the average values will be found.

Any of three parameters (Nrecent, tobsolete, β) can be used initially
to fit business requirements with respect to value of ε. In case of our
system we used ε=0,05 and β=31 days=744 hours (about 1 month).
This yields tobsolete=93 days=2 322 hours (about 3 months) and
Nrecent=8 928–48–8=8 872, while tp=15 minutes=1/4 hour and
Nwindow=8 and Ndisplay=48 to display last 12 hours at once.

Short description of an algorithm steps:


Form quants (levels) of values according to minimum and
maximum values of data sample and minimum and maximum
boundaries for normal (appropriate) values. At least three
quants (levels) we shall have. Large quants (those having
outlying boundaries) can be split into additional levels, and
finally K the number of quants is found.



Split timeline into intervals according to previously formed
quants. This means we have the same interval while the current
value remains within quant of previous value. When only the
value goes outside the previous quant, a new interval starts.



Calculate average values within each interval.



Replace old set of values with averages (with respect to start
point of each interval).

Now, as we defined the obsolete data criteria, we can move
forward to build an algorithm for data aggregation.

3. Solution of the examined problem
Incoming data packages can deliver some kinds of values
according to type of sensor and type of gathering.
Sensors can be one of three types:


Alert – signals of normal and alert states (movement detection,
smoke detection, some chemicals detection, etc.), collected as a
Boolean value (true or false).



Value – quantitative values gathered as sensor values of some
type (temperature, illumination, voltage, loudness, etc.).



Normalized – same as value but compared to some ―normal‖
value or predefined levels of value. Normalized value goes to
the server as a level number (0, 1, 2, 3 …) and in case of only
two levels is similar to alert.

Now we can make some formal definitions for the algorithm.
Let X(T) to be the set of incoming data depending on time (T –
timeline set). We can have X0 as a ―normal‖ value and x as a
appropriate deviation for x. This means we have appropriate
maximum and minimum boundary values X0,max=X0+x and
X0,min=X0–x. However, if we have business rules saying
X0 ≠ (X0,max+X0,min)/2, then we can use actual values of X0,max and
X0,min instead. Next goes the algorithm:

Types of gathering correspond to period characteristics:


Immediate – gathered and sent to the server immediately.



Summarized – gathered and accumulated within a sum (count,
minimum, maximum, average, mode, etc.) during predefined
period. One may consider very different types of values
depending on aggregate function used to accumulate data.

1.

1.1. Find maximum and minimum values in the set and
boundaries:

See Table 2 for possible combinations of different kinds of
values coming from sensors. Note, that these kinds of values in
Table 2 are the values coming from device and we are to discuss
further aggregation for obsolete data, but not at the level of a single
device.
Table 2: Types of incoming data.
Immediate
Alert

Simple alert indicating
appearance of some alert
state (detection alerts)

Value

Simple value sent to the
server – the case of a very
detailed monitoring

Normalized

Detects shift or switch
between some states

Quantization.

xmax = max (X(T))
xmin = min (X(T))
x1,max = max (xmax, X0,max)
x1,min = min (xmax, X0,max)
x–1,max = max (xmin, X0,min)
x–1,min = min (xmin, X0,min)

Summarized
Counters (count of door
openings, number of visitor
passes, etc.) used during
predefined period
Value aggregate (like sum,
min/max, average) used to
detect some state or going
beyond some limits
Level aggregate (like count,
min/max, mode) used to
detect some state or shift
(switch) between states

1.2. Three evident quants in the set
Q = { (xi, xi+1] }i=1…K with K=3 now are:

of

quants

[x–1,min, x–1,max], (x–1,max, x1,min], (x1,min, x1,max]
1.3. Find minimum and maximum distance between values:
dmin = min ( |X0,max–X0|, |X0–X0,min|, |xmax–X0,max|,
|X0,min–xmin|, |xmax–X0|, |X0–xmin| ),

(2)

dmax = max ( |xmax–xmin|, |X0,max–X0,min|, |xmax–X0,min|,
|X0,max–xmin| ).

(3)

1.4. Find some additional quants to split very wide quants.
One may use rule K = ceil(dmax/dmin), where ceil function
means nearest integer not less than argument. But such
rule may cause K to be unreasonably large, if there is one
very narrow quant. As a criterion to split some quant we
offer to compare width of each quant with the average
width and split those quants having width twice bigger
than average. If we have quant widths di=|xi+1–xi| and the
average width davg=(i di)/K=(i |xi+1–xi|)/K, then split
procedure should follow the formal rule for each quant
from Q:

Now we can discuss the most appropriate types of obsolete data
for application of aggregation algorithm. Immediate alerts can be
aggregated the same as summarized alerts with a sum or a counter.
Immediate or summarized values in the simplest way can be
aggregated with some aggregate function (sum, average, etc.).
However, there can be also used a quantization or clustering to
merge obsolete data. If we have some values split by some natural
levels, then quantization is possible. If there are no any predefined
levels for values, but values reveal some grouping, then clustering
should be in use. Normalized data is naturally good for quantization
method of aggregation. Nevertheless, using some simple aggregate
function can be a good way to aggregate immediate normalized
values.

if di > 2davg then
K := K+1,
xi+1/2 = (xi+1–xi)/2,
Q := { (xi, xi+1/2], (xi+1/2, xi+1] }  Q \ { (xi, xi+1] }.
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algorithm aims to show periods of bad values (values outside
normal boundaries), but not the kind of these values hidden by
averages. This looks both strong and weak sides of the algorithm.

1.5. To avoid too much quantization one may suppose
3 ≤ K ≤ 7.
1.6. Quantization result
Q = { (xi, xi+1] }i=1…K.
2.

is

a

the

set

of

quants

Second, there is a case of less applicability when values do
often ―jumps‖ between quants. For example, voltage may have an
oscillatory behavior. One may consider normal voltage as
220 V±15V, then the voltage close to upper (234V) or lower (206V)
boundary may reveal often jumps over that boundary. Such
behavior may yield very poor compression or even no compression
due to short period of value stay within each quant.

Splitting timeline intervals.
2.1. Start finding set of timeline intervals I = { (tn–
1, tn) }n=1…N with t0 as a start point and tN as a final point
and N as a total number of time intervals. The rule to
find inner split points:
tn = max{ tT | t>tn–1 !ij : x(t)(xi,xi+1], x(tn–1)(xj,xj+1] }

Clustering also has some great faults. The key problem can be
that clusters close to some boundaries may, on one hand, hide
abnormal values behind averaged values or, on the other hand, show
larger abnormal area, than it really was. This means that clustering
allows to keep better accuracy, compared to quantization,
meanwhile it does not fit the requirement to keep showing
boundaries breaches.

2.2. Splitting timeline intervals result is a set of intervals
I = { (tn–1, tn) }n=1…N.
3.

Calculating averages.
3.1. Find average value xn among Nn values of x(t) for each
interval (tn–1, tn):
1
𝑥𝑛 =
𝑁𝑛

Thus, making decision about the algorithm to use (quantization
or clustering) requires understanding the nature of business
requirement about viewing the obsolete data. For example, if the
key value is to keep accuracy close to initial data, then clustering
may fit. But if the key value is to keep abnormal values or
boundaries breaches, then quantization should pass. Figure 1 shows
the graphical example of quantization with respect to requirements
about boundaries of normal values.

𝑥.
𝑥(𝑡 𝑛 −1 )<𝑥≤𝑥(𝑡 𝑛 )

3.2. Calculating averages result is a new data set of averages
Xavg(I) = { xn(tn) }n=1…N.
The algorithm described yields to make a new set of average
values xn(tn) where n[1, N] and resulting number of points N is
expected to be much less then initial one.
3.2. Clustering
Data clustering is a well-known technique and nowadays has
many applications, including data compression [6, p.283].
Discussing clustering for our data we must mention, that we have a
time series and only one dimension (sensor value, but not a time)
fits conditions for clustering. This means that the result of the
clustering should yield, the same as quantization, new data set of
averages Xavg(I) = { xn(tn) } n=1…N. Unlike to quantization we shall
not have predefined levels of values, so we can also call this method
―adaptive quantization‖.

Fig. 1 Example of quantization for voltage data aggregation

Now, we call the cluster a closely located sequence of values.
Once again mention, that this closeness should be considered via
the value and a sequence via a time. That is why we can do get
nearly the same result as in case of quantization. Initially we can
consider the number of clusters equal to the number of values in the
data set. We can use then a kind of agglomerative clustering
algorithm similar to those in [7], with a Chebyshev distance formula
[8]. With respect to only single dimension, this would be one of the
easiest distance formulas:

5. Conclusion
The algorithm of obsolete data aggregation have been
discussed. Here we offer the criterion for considering data as
obsolete and its connection to particular monitoring system. Using
formula (1) allows us to fit different kinds of business requirements
about describing data as obsolete. According to different types of
obsolete data there were prescriptions made to use different kinds of
aggregation. Also there was a detailed algorithm presented for
quantization with respect to particular business area and time series
specifics. As an alternate solution for quantization, a general
approach of clustering algorithm was also offered.

ρ(xi–1, xi) = |xi –xi–1|.
Calculating minimum distances between nearest neighbors from
each two adjacent clusters (with K as the current number of
clusters) then looks like
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Abstract: With the majority of the world's population now living in cities, the importance of distributed transport systems integration is
increasing. This requires improved integrated transport infrastructures and communication within cities to reduce the cost of congestion on
the roads, provide an efficient and convenient system for travelers and improve the management and future planning of public transport
within cities. By sharing large amounts of transport data with the public, including automatic passenger counting information, pollution and
traffic congestion can be managed to better levels and subsequently lead to improved overall public transport services.
The present paper aims at arguing the growing dependence of the efficient urban transport on the new technologies. The growing
demand for cloud computing together with Internet of Things is based on the numerous advantages going along with this technology,
provided that it is used appropriately. Cloud Computing is a revolution that will define Information Technology in the second decade of the
21st Century.
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systems using intelligent transportation cloud which generate, store,
manage, test, optimize and use mobile traffic strategy agents to
maximize advantages of cloud computing and agent technology to
effectively control and manage urban traffic systems. It was also
presented a multilayered IoT-based vehicular data cloud platform
with an intelligent parking cloud service and a vehicular data
mining cloud service. [1]

1. Introduction
Intelligent Transport Systems (ITS) are one of ICT-enabled
benefits for society, which make the transport more efficient, faster,
easier and reliable. Nowadays one of the most important aims of
ITS is that these systems must become faster commonly used.
Internet services are one of such solutions, cloud computing
services, in particular. Generally the cloud computing is Internetbased computing, whereby shared resources, software, and
information are provided to computers and other devices on
demand, like the electricity grid.
ITS as important infrastructure services make a city ―livable‖ by
improving capacity, travel experience and making it safer, more
efficient and more secure. For instance, Singapore already set up an
excellent example based on Internet of Things (IoT) to connect,
collect and comprehend. The Land Transport Authority plans routes
and establishes minimum service standards for bus lines managed
by the Singapore Bus Service and Singapore Mass Rapid Transit.
Smart cities rely not only on sensors within the city
infrastructure, but also on a large number of devices that sense and
integrate their data into technology platforms used for analyzing the
habits and situations of individuals and city-large communities. Fig.
1 presents a conceptual framework of urban smart transportation
based on cloud and IoT. Contemporary smart urban transport
systems: (1) employ secured IoT to generate big data, which
comprise billions of devices that sense, communicate, compute and
potentially actuate, massive connected via GIS-Twidely available
real time communication network (e.g. 4G, Wi-Fi, Bluetooth); (2)
generate big data with ―4Vs‖ features, as raw material facing great
challenges, (3) rely on resilient cloud computing to store, manage,
mine and create values for insight as the solution to many of our
society’s traffic and transportation problems (4) in an era of data
abundance, there is a clear need for visualization tools to provide
insight into how coordinated systems should be expected to operate
under different parameter settings and to document coordinated
system behavior.
Cloud computing is utilized to meet the requirements on
infrastructure for big data. It is presented a framework for data
received from highly distributed, heterogeneous, decentralized, real
and virtual devices that can be automatically managed, analyzed
and controlled by distributed cloud-based services. Also it is
discussed an emerging IoT architecture, large scale sensor network
applications, federating Traffic and Transportation Smart 3 sensor
networks, sensor data and related context capturing techniques,
challenges in cloud-based management, storing, archiving and
processing of sensor data. It is provided an overview of servicegenerated big data and big data-as-a-service, employed to provide
common big data related services (e.g. accessing service-generated
big data and data analytics results) to users to enhance efficiency
and reduce cost. It has been proposed [1] urban traffic management

Fig.1. Conceptual framework of urban smart transport based
on cloud and IoT [1]

1.1 Route Map for Deploying Big Traffic Data on the Cloud
Within the tendency of asset-light, cloud computing with certain
service-level agreement is under consideration. The term ―moving
to cloud‖ also refers to an organization moving away from a
traditional capital expenditure model (buy the dedicated hardware
and depreciate it over a period of time) to the operating expense
model (use a shared cloud infrastructure and pay as one uses it).
Fig. 2 represents big open traffic data on cloud with IoT
infrastructure, illustrated with the available options at each level.
When generated, big data is transferred in real time with streaming
process through communication network (such as Bluetooth, Wi-Fi,
4G) to be stored (e.g. MongoDB), which usually is combined with
ETL (Extract, Transform and Load) process. Harry Strasser’s vision
is for a connected world and digital (technological) convergence
where everything in people’s life will have computing power,
wireless connectivity and many smart sensors [1].
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collect various measurements (as the travel time and fare
collection). Then, multiple departments and employees manage
each of those measurements and create reports for managers to
compare and contrast data.
When all of these measures are stored in the cloud,
transportation executives can access the data anytime and anywhere
through a secure online portal. They can create a custom dashboard
that pulls only the data they need, and they can look at the fleet over
the past week, or even since they began storing data in the cloud.
This concept goes beyond simply gathering the various databases
into one location — a device cloud solution instead pulls the data
directly from the devices (fare collection, GPS, etc.) and into one
central cloud database [2].
Connecting transportation devices to the cloud proves
invaluable in analyzing data. For example, consider a standard bus
with the following systems: a camera, fare collection, passenger
counting, WiFi and GPS. Suppose the transportation agency holds a
board meeting and wants to justify the free Wi-Fi it offers to
customers. Next, the general manager asks his employees for a few
reports on fare collection and passenger counts to justify the free
Wi-Fi.
Under the old technology, each of these data points is provided
by different software and different vendors. Multiple employees
collect the data and deliver it to the general manager, who then
analyzes it and presents the results to the board. Each report is
slightly different since they are not integrated, and the general
manager then spends his or her time comparing the reports to
determine if the number of users and the fares collected justifies the
free Wi-Fi.
With a cloud computing infrastructure, the cloud service can
pull information from all of the databases together into one simple
and secure dashboard. At any moment, the general manager can
generate a report containing both fare collection and passenger
counting with a single click.
There are operational efficiencies to be gained from cloud
computing to eliminate the hours of recurring time used to generate
the same reports month after month and year after year. Using
Cloud also makes it possible to take quick decisions. In addition to
increasing efficiency with a simple dashboard, cloud computing can
also provide the benefit of more immediate, near real-time data.
Since data is sent to the cloud almost continuously, managers can
see realistic snapshots at any moment.
For example, suppose a major snowstorm hits New York City.
The transportation agency wants to know not only where all of the
buses are, but how many people are on each bus. Instead of relying
solely on GPS data to find the bus locations, the agency can also get
accurate data on how many passengers are on each bus. If one bus
were to go missing, they would quickly know exactly how many
passengers to look for and be better prepared to handle any
emergency situation.
Another example is with the high prices of gas. Gas prices are
already high, but suppose a natural disaster caused them to
skyrocket in a night. The transportation agency needs data fast in
order to shorten routes and save fuel. Instead of having to wait
weeks or even months to adjust routes, the agency can see an
accurate snapshot of routes and usage and make quick changes.

Notes: DoM (Document Object Model); Esri REST
(Representational State Transfer); KMZ (Google Earth Placemark
File)
Fig.2. Cloud framework for utilizing open traffic data based on
multilayered IoT [1]

2. Public Transport and Cloud Technologies
Public transport especially buses are getting crowded day-byday due to heavy demand of transport facility. Moreover the
frequency of the buses are not well regulated. Either the buses lines
up at one time or buses get delayed for a long time. This kind of
chaos is mainly due to irregular planning of bus intervals and not
knowing the details of the amount of passengers expected at a time.
A system is necessary in which the number of passengers at a bus
stop can be calculated and the bus service can be regulated
depending on the passenger’s arrival. Cloud is the best platform to
implement this system as the storage is dynamic in cloud and
interface can be easily provided to people using IaaS.
For many years, the transportation industry has been
exchanging information, such as passenger counts and vehicle
diagnostics, through a local network. Using cloud services to store
fleet data may be where web-based capabilities can have the biggest
effect in the transportation industry.
Many vendors provide online hosting or software-as-a-service
(SaaS) models to transportation organizations. SaaS essentially
allows the customer to rent the software and access it online for a
monthly fee. While these tools can benefit the business side of the
transportation industry, the real value comes when the cloud
intersects directly with fleet management devices. By passing SaaS
and simply passing data directly from the device to the cloud saves
time and also money.
It typically takes months or even years to plan, procure and
deploy IT infrastructure to connect embedded transportation devices
to the network and capture valuable data. Transportation agencies
(such as the Center for Public Mobility in Bulgaria, i. e. CGM) use
GPS devices, passenger counters, fare collectors and other devices
to capture key data. Traditionally, these devices are plugged into a
hard-wired Internet connection, and the data is downloaded onto a
local PC connected to a network. The data is downloaded at
specified intervals, such as each night or once per week. Very often
the data is either never used or analyzed once per month or even
once per year to make service changes.
The device cloud is a term to describe how organizations can
bring data from device to business application with an integrated
solution to turn bits of data into valuable and actionable
information. By storing device data in the cloud, both public and
private transportation agencies can access data in real-time.
The device cloud is also scalable, secure and many times more
cost-effective than traditional infrastructure for transportation IT
departments. As cloud computing becomes more mainstream,
transportation agencies are evaluating whether a cloud solution can
be an efficient alternative to traditional computing networks.
Storing transportation data in a central online location can be
more efficient for transportation agencies. Currently, agencies

3. Bus Management System Using Cloud Platform
Let take a look at a Regulating Bus Management System using
Cloud platform that is going to be used in the near future.
The existing system of the public transport system has not been
properly scheduled in most of the countries which leads to
overcrowding of passengers in buses. This problem of crowding is
mainly due to the unplanned bus management system. Bus transport
system does not accounts for the total number of passengers in the
bus stop. One problem might be the calculation of the total number
of passengers at a stop and regulating the bus service accordingly
using dynamic resource allocation in cloud. This can be
implemented using Windows Azure. Azure has capacity to handle
data outburst.
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There are many tracking systems to monitor the traffic flow like
taxi tracking in Melbourne, Brisbane and Adelaide used to get the
closest free taxi to a waiting customer. Bus tracking systems are
already in use in Perth and Adelaide, but they are used to help
customers know when bus is due to arrive. The public transport
management system could indicates the delay in bus timing as well
as when the bus load is full.
However, this method does not take into account the number of
passengers boarding and departing in the initial stage and hence
regulating the transport becomes a difficult task [3]. The Transit
Management System is used in advanced public transport systems.
They mainly focus on Fleet Management, Traveler Information,
Electronic Fare Payment and Transportation Demand Management.
The automatic vehicle identification helps only in monitoring the
vehicle and not the passengers count. The Transport Asset
Management System has a great disadvantage of manual entry of
the data which is prone to high error in the data entered. Bus
management system with comprehensive CAD/AVL (Automatic
Vehicle Location) passenger information system satisfies the major
need of monitoring the bus routes in an efficient way, but they
mainly suffer from high cost and they fails in performance when the
population is more. All the above disadvantages can be sorted out
by the system which uses cloud computing to monitor passenger
population and regulate the frequency of the buses.
The proposed system [3] has the following objectives: to find
the passenger population in bus stops using message service and
online bus pass; regulate the bus frequency depending on the
passenger population; create software in cloud to calculate the
passenger population and regulate the buses by redirecting more
buses to highly populated stops and reducing the bus flow to less
populated stops by intimating the transport authority; allocating the
resources properly in cloud by using gossip protocol; using GPS
system with the cloud to find the delay in buses and inform the
passengers through their cell phones. The following algorithm could
be used to calculate the passenger count in a stop [3].

Bus pass holders register their source and destination in
online through the interface provided to them as shown in
Fig 3.

Ad-hoc users are requested to send a message with the
source, destination and time frame prior to the time of
journey to the cloud software.

The software in the cloud evaluates the request and
intimates the passenger with the bus number.

If the passenger goes late to the stop or early to the stop
the passenger is requested to send a message to the cloud
software.

Fig.3. Flow chart of the proposed system [3]

The following algorithm is incorporated to intimate the
passenger with the bus number and regulate the buses based on
population at a stop as shown in Fig. 4. [3]

The software in the Cloud Middleware gets the data of the
source, destination and time frame request from the
passengers and calculate the number of boarding and
departing passengers at each stop based on the data
present in the tables which is updated automatically based
on the request of Ad-hoc passengers and bus-pass holders
during registration.

Then, the system checks whether there is any empty seats
available in the bus based on the conductor information at
each stop.

If the seats were empty, the regular schedule of buses is
followed.

Else, the system instructs the addition of new bus to the
route to the Transport Department.

The passengers are informed with the bus number after
validation of the seat availability in the bus through a
particular route.

Fig.4. Function of software in cloud data center [3]
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ways, including estimating travel times, identifying aircraft,
emission controls, traffic modeling, integrating fare management
and increasing effectiveness of customer loyalty programs.
Cloud computing also provides airlines with a highly scalable
infrastructure as well as availability and innovation. When it comes
to availability for example, airlines can store their availability data
in the public cloud. This data can then be accessed by an airline’s
website, a travel agency or other source. Carriers can then manage
this availability for the different channels through a single source.
Amazon Web-Services (AWS) gives airlines the opportunity to
leverage the benefits of the cloud for application development,
deployment and management – and for managing the mass amounts
of content and data that these carriers hold. Understanding these
challenges, airlines such as LOT Polish Airlines, GOL Airlines, and
Qantas have all recently turned to AWS cloud services for their data
needs.
To comply with industry regulations, airlines can also use the
Amazon Shared Responsibility Model to help cover companies on
the physical security of their data center. As well, they can use
Amazon Redshift to provide database encryption for clusters and
help protect data at rest. When customers enable encryption for a
cluster, Amazon Redshift encrypts all data, including backups, by
using hardware-accelerated Advanced Encryption Standard (AES)256 symmetric keys. To run robust operations on top of Amazon,
including, for example, complete control over security groups’
configuration, airlines can automate their AWS backup and
recovery across accounts with the ability to keep multiple replicas
of the data across AWS regions. [5]

4. The Ways Cloud is Changing Transportation
Some ways that Cloud is changing transportation are as follows [4].


Self-Driving Cars: Late in the summer of 2016, Uber rolled out
its first self-driving car fleet in Pittsburgh, ushering in a new
era of transportation. While retail self-driving cars will not hit
the road for another half-decade, this innovation was important
because of how everything connects back to the cloud. As the
future envisions robots driving instead of humans, cloud
computing will support these initiatives to offer the best
directions, collision avoidance, and onboard entertainment to
help drivers pass the time. Finally, car ownership will diminish
as more individuals choose self-driving vehicles to offset the
cost of insurance and gas.



Airline (and Train/Boat) Availability: While Uber was rolling
out self-driving cars, other airlines were experiencing
unfortunate downtime. Airlines must figure out ways to reduce
delays and offer faster updates to their customers through
continuous deployment applications such as IBM UrbanCode
or through the leveraging of APIs within Bluemix (the IBM
cloud platform). UrbanCode Deploy is an application release
automation solution that combines robust visibility, traceability
and auditing capabilities. It allows to seamlessly deploy to
distributed data centers, cloud and virtualized environments on demand or on a schedule. With a greater reliance on cloud
technologies, customers can enjoy better uptime and service so
they can get to their destinations on-time and without
exhaustion. This will extend to other forms of transportation
including trains, boats, and buses.



Traffic Lights: We all know the dreaded feeling of multiple
traffic lights in a row. Not only is the experience annoying, but
we end up getting to our destination a half hour later than
expected with a cramp in our leg from hitting the brakes.
Coupled with self-driving cars, the all-red trip will be a thing
of the past with cloud-optimized trip tracking and notifications.
Not only will we hit green lights (most of the time), but people
will have the feeling a lot more relaxed pulling up to their
destination.



Traffic Congestion: The rise of self-driving cars will
effectively eliminate traffic congestion as the vehicles will
communicate with each other, reducing the needless braking
and cutting off that have made driving so aggravating. The
only thing remaining will be how these cars drive on aging
infrastructure.



6. Conclusion
Cloud computing is in the early adoption state in the
transportation industry. This new form of computing is perfect to
provide solutions to a host of business problems within large and
small organizations as well as the public transport. Proven solutions
are available and ready to be deployed. By implementing cloud
technologies, the daily life of people will become less tense and
troublesome, also the transportation industry can begin to embrace
this trend so prevalent in the business world today.
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Entertainment: As cars become self-driving and reliant on the
cloud, passengers will need more to keep themselves occupied.
For the business person, this presents an opportunity to use
productivity applications while families may take the extra
time to learn or watch a movie. Everything that you see now
on your mobile devices will now appear in the cloud, creating
an even more connected experience that consumer brands can
tap into.

5. Cloud and the Airline Transport Industry
In addition, let review the Airline Industry in the Amazon
(AWS) Cloud.
The airline industry has always been ripe for technological
innovation. Areas such as flight optimization and predictive
maintenance, along with the large amounts of data generated from
bookings and reservation systems, provide an opportunity to
accelerate aviation’s digital transformation through analytics-based
applications and large-scale integration in the cloud.
The benefits of the cloud for the airline industry are clear.
Cloud computing can be used in the airline industry in a variety of
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Abstract: Building up a low-carbon society has become one of the world’s common challenges. ‘Power to Gas’ efforts – to convert
electric power derived from renewable energy into hydrogen – are being actively conducted, mainly in Germany [1]. Similar efforts are
being made in Japan. For example, concerned Japanese cabinet members agreed on a ‘ Hydrogen basic strategy ‘ on Dec. 26 2017.[2] This
strategy, with a view to 2050, shows direction and vision toward the realization of a hydrogen society and compiles an action plan to achieve
that goal. It aims to scale up hydrogen consumption volume from 0.4 ten thousand t (2020) to 30 ten thousand t (2030) and deduct the unit
price of hydrogen from ￥100Nm3 (now) to ￥30Nm3 (2030).We will also try to construct a preliminary autonomous energy system using
regenerative energy. In this paper, the operation and function of such a system is described.
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３. Components

1. Introduction
From the viewpoints of the environment and energy security,
utilizing the renewable energy is thought to be obviously important.
The sun’s energy can be harnessed from solar panels. Using the
electrical energy of the solar panels, we produce hydrogen through
water electrolysis and regenerate electricity in fuel cells. In this
paper, the experimental results of managing the system and
simulation results are reported.

2.1 PV system
Photovoltaic (‘PV’ for short) type solar power plant can charge
the sun’s energy directly into electrical energy.
Our PV panels are placed on the roof of the branch office. And
we set a Tigo system [3] on every cell to manage the flexibility of
solar power generation. Figure 2 shows the result of power
generation by PV.

2. System configuration
Figure 1 shows briefly system configuration. And, Table 1 is
the specification of components. In the main unit, an electrolysis
cell, hydrogen storage tank and fuel cell are installed and they are
assumed to run their functions under the control of HEMS.

Fig. 2 The result of power generation.

We knot PV to the connecting box. This box can gather wirings
of each solar array together one-line and send the electricity to the
battery.

Fig. 1: System configuration

2.2 Battery system

Notes: Main unit (electrolysis cell, hydrogen storage tank and
fuel cell)
Table 1: Specification of components.
Item

The hybrid battery system is composed of lithium-ion and Pb
(lead) batteries. This battery system is capable of quick charge and
discharge in response to its reference signal.

Spec

PV

260w×8sheets+270w×4sheets=3.16kw/day

Battery

AC87～265v

Hydrogen storage tank

3l

Electrolysis cell

0~500NmLPM

Fuel cell

200~300w

2.3 Electrolysis cell
The water-electrolysis [4] means a physical phenomenon about
oxidation and deoxidization of water. This reaction is only
happened in a condition to apply the fixed voltage to electrodes. Its
voltage is theoretically calculated at 1.229V of 25 degrees Celsius.
(1) The water is separated into hydrogen ion and hydroxide ion at
the electrolyte bath. 2H2O→2H+ + 2OH(2) The electric tension presses two terminals that are soaked in
electrolyte liquid. Then, at cathode, hydrogen ion combines
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2.7 Toshiba‘s H2Onetm [7]

with electron, and hydrogen appears. It’s so-called deoxidation.
2H+ + 2e- → H2↑

Toshiba continues to develop a new energy supply system that
uses renewable energy to produce and store hydrogen as an energy
carrier for the combined heat and power of fuel cells.

(3) At anode, after electrons are deprived from hydroxide ions,
oxide reaction occurs, and oxygen and water are generated.
2OH-→ H2O + 1/2 O2↑ +2e-

They have H2One tm in a single package that is composed of a
water-electrolysis hydrogen generator, fuel cell unit, storage battery
system and hot water tank. In addition, a hydrogen tank and water
tank are connected to it. And they say their hydrogen EMS (Energy
Management System) is a key feature of their technology. Figure 5
shows the overview of Toshiba H2Onetm system.

Figure 3 shows the required time to fill up the storage tank with
hydrogen.

Fig. 3 The required time to fill up the tank.
Fig. 5 Overview of Toshiba H2Onetm system.

2.4 Hydrogen storage tank [5]
The volume of hydrogen is measured in Nm3 (Normal cubic m).
1Nm3 represents the amount of hydrogen with a volume of 1m3
under pressure of 1 atmosphere and temperature of 0 degrees
Celsius.

４. Simulation
Based on the above work, we simulated this autonomous energy
system in one nursing home with its cooperation. This nursing
home is located in Kure city Hiroshima Japan. It has 230 beds and
consumes electricity and city gas as follows (2017).

2.5 Fuel cell
A fuel cell is a power generation plant that makes hydrogen by
reacting with oxygen and produces electric energy and heat. It can
directly receive electric energy from chemical energy. This reaction
is the reverse of water-electrolysis.

Consumption volume
Unit price

Electricity
1,267,569kwh
￥17.5kwh

City gas
149,596 m3
￥78 m3

To cover this energy consumption, we choose Fuji Electric’s FC
[8] (FP-100iH Spec: electricity output 100kwh, heat output 99kwh,
fuel (pure hydrogen) consumption 74 m3/h).

We operated a fuel cell on Jan 12 2018 (10:00-11:00). 165l/h of
hydrogen was supplied from the hydrogen tank to the fuel cell
under 0.05 MPa hydrogen pressure. Then, the fuel cell generated
170 w/h of electricity.
2.6 HEMS [6]

If this nursing home were to purchase Fuji Electric’s energy by
its purchase price, the total charge would be calculated as (3).

HEMS stands for Home Energy Management System. The
Government of Japan aims to establish it in all residences by 2030.
This system can visualize energy usage, automatically control
energy and surveil energy management. Figure 4 shows HEMS
surveillance picture.

Electricity: 100kwh × ￥17.5wh = ￥1,750
(1)
Heat (Hot water): 99kwh/12.4kwh=8 m3 × ￥78 = ￥624 (2)
(City gas 1 m3 = 10,702kcal 860kcal = 1kwh, therefore 1 m3 =
12.4kwh) [9]
(1) + (2) = ￥2,374
(3)
As the fuel cell consumes 74 m3/h of hydrogen, the expected
charge would be as (4).
(4)
74 m3/h of hydrogen × ￥100 (official price ) = ￥7,400
(3)<(4)
cf. Hydrogen unit price correspond to (3) (3)/74 = ￥32

５. Results
Our PV generated max 1.9 kWh under sunlight peak and
produced approximately 9.5 kw during sunlight hours per day (Jan.
12 2018). While hydrogen appears to be 42l/h. FC generated 170
W/h from 165l/h of pure hydrogen. HEMS can surveil and manage
this system.
And, based on the results of the simulation, we find the
following:

Fig. 4 HEMS surveillance picture.

(1) Hydrogen unit price needs to be reduced from ￥ 100 to
compare with today’s electricity and town gas charges.
(2) If the supplier does not have consumers buy hot water as well
as electricity, his business will not be able to cover costs.

Notes: Main unit (electrolysis cell, hydrogen storage tank and
fuel cell).
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６. Conclusion
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We have constructed and operated a preliminary autonomous
energy system using regenerative energy. We plan to make use of
some examples of EMS or hydrogen storage technology for the
future improvement of our system. Besides this, we are considering
introducing the autonomous energy system to nursing homes and
reducing their utility cost burden, because those costs – lighting and
heating expenses – account for a large proportion of the homes’
total operating costs.
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ESCHER TESSELLATION FOR DESIGN OF SLOTTED TUBE VASCULAR STENT
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Abstract: An intravascular stent is a tubular structure intended for permanent implant in native or graft vasculature. The stent is
designed to provide mechanical radial support after deployment. This support is meant to enhance vessel patency over the life of the device.
In this work an approach for designing the geometry and construction of slotted-tube balloon-extendable stent, produced by Nd3+:YAG
laser cutting from stainless steel 316L tube is proposed.
3D model of the stent, produced by ISMA Ltd, Sofia, is prepared by using SolidWorks. FEM analysis of the stent is performed and the
mechanical properties are compared with variety of commercial stents.
Keywords: VASCULAR STENT, LASER CUTTING, PICOSECOND LASER, NEODYM LASER, 3D CAD SOFTWARE, FEM
ANALYSIS

The laser cutting requires the laser to follow the topology of the
stent struts. This fabrication process needs a 3D CAD/CAM
software and, correspondingly, a derived complex CNC program for
cutting a rotating cylindrical surface.

1. Introduction
A vascular stent is an implant for keeping the lumen of an
anatomic vessel. The bare metal stents (BMS) are mostly produced
from a tube with appropriate diameter and wall thickness using a
nano- or picosecond solid state (Nd3+:YAG) or fiber laser
(wavelength 1,064 m or 532 nm by second harmonic generation).
The laser cutting is performed following a specific topology, thus
forming the construction of the stent struts.

The mostly used lasers are ultrashort pulse lasers in the nanoand picosecond range. This ensures that the energy, deposited by
the laser, cannot diffuse in the bulk material due to the very short
interaction time. All the heat remains in the laser spot, the material
is overheated, which follows to rapid evaporation or even
sublimation of material in this zone.

There are many types of stent construction. Depending on the
connecting bridges, they are classified as “open” and “closed” type.
A close type stent is such a stent, all struts of which are connected
trough a bridge.

Using a second harmonic generation, i. e. the half wavelength, a
small laser spot size can be achieved – in order from app. 60 m to
several micrometers - with very precise circle form, because of the
smaller Airy spot.

Considering the form of the bridge, stents can be classified as
Palmaz-Schatz (PS), type with straight bridges, [1], shown in Fig.
1., S- or V- shaped stents (Fig. 2, Fig. 3.).

The advantages of this technology are:
Non-contact process;
No clamping of the detail;
Small spot size (narrow kerf);
High cutting speed;
Laser cutting can be used with almost materials;
Quiet and cheap process.
Both aspects – lack of extended thermal zone and thin kerf –
make the production of slotted tube stents by laser cutting very
perspective.

Fig. 1. Palmaz-Schatz stent

After the stent is positioned on the right place, the stent is
inflated with an expandable balloon, folded in the lumen of the
stent, The plastic deformations in the stent are responsible for
keeping the proper desired lumen.
In this work an approach for design of open and close type stent
is proposed, by using only one closed polyline, acting as a stencil,
which is translated along the tube axis and in circumferential
direction, forming the struts in Escher’s way of tessellation of
“birds and fisches”, thus simplifying the process of CNC
programming of laser cutting.

2. Design of the geometry of stent struts
2.1. Stencile form

Fig. 2. V-Shaped stent

The proposed design for slotted tube stent is based on the
rolled-out geometry in the x-y plane. The x-direction is along the
tube axis, the y-direction is the rolled-out cylindrical
circumferential direction.
Geometrically, an open and closed-cell stent is an assembly of a
number of Repeated Unit Cells (RUC, in terms of [2]) and exhibits
a periodicity in both longitudinal and circumferential directions.
The stent under design has a length of L, diameter d and
circumference W = d. In addition, the model of the stent consists
of N RUCs along the x-direction and M RUCs in circumferential
Fig. 3. S-shaped stent
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direction. A “clipping region”, which is a rectangle with dimensions
2l = L/N and 2w = W/M, is introduced, which contains the polyline.

and then repeatedly multiplied M-times by 2w in circumferential
direction.

The topology of the struts is based on the following rules:

The final Escher tessellation is shown in Fig. 6.

The form of the struts can be obtained by translation of a closed
polyline, hereinafter called “stencil.
Every strut consists of two parallel straight lines tangent to
circular arcs with common centers and radii r and R = r + , where
 is the size of the strut.
The stencil consists of consecutive small and big arcs,
connected by straight lines, as shown in Fig. 4.
The left down quadrant is translated by l and w to a new
position in the first quadrant. The graphical primitives in the upper
left quadrant translation are translated distances by l and -w to a
new position in the right bottom quadrant.
The new arc must have a radius, which is  larger then original,
if the original arc is small, and  smaller then original, if the
original arc is big. A symmetry about the line, connecting both
centers is needed.

Fig. 6. Tessellation and struts

2.2. ISMA stent
Using this approach, the firma ISMA Ltd, Sofia, Bulgaria, has
developed a new stent with an original and unique stencil form
depicted in Fig. 7 ([3]-[5]) . This stent will be called hereinafter
“ISMA stent”. Fig. 7 shows the rolled-out ISMA stent.

Fig. 4. Shaping the contour of the stencil

The same is guilty for translation in the y-direction.
The small radius depends on the kerf size. Typical dimension of
the struts is 150 m, but it can vary with respect of the material,
desired mechanical properties and usage purposes.
Forming the left bottom part, we can receive the outlines of the
right upper part of the shape. In the same way one can draw the
upper left and bottom right part, as well as central top an bottom
center contour.
Repeating the shape in 2l up and bottom, w and l distance, struts
with constant brightness can be achieved.
An example for a shape form, designed by this method, is
shown on Fig. 5.

Fig. 7. Shape of ISMA stent stencil

Planar rolled-out geometry of the ISMA stent is shown in Fig.
8.

Fig. 5. The stencil form

Fig. 8. Rolled-out ISMA stent

To achieve the whole design of the stent the stencil must be initially
repeatedly copied M-times by a step of 2w in circumferential
direction. Afterwards, the stencil must be translated by ±w and ±l

The planar drawing of the rolled-out stent is imported in
SolidWorks and wrapped around the outer cylindrical tube surface.
Then, using the build-in operation “Deboss” the stencil regions are
removed, so that only the struts remains (Fig. 9).
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The most important advantage of the ISMA stent over the PS is
its negative dogboning. The ISMA stents show usually negative
dogboning because forces in the distal regions are exerted, which
prevents from becoming more deformed at the ends of the stent
comparing to the middle. In this way, in our opinion, the ends of the
ISMA stents reveal a slightly smaller diameter than in the middle.
Unlike ISMA stents, the standard PS stents usually reveal
positive dogboning ([1]), thus many research papers are dedicated
to optimization of such stents in terms of their connecting bridges
([6]).
This property of the ISMA stents are very important for the
practical usage. The warped edges of the struts of the PS strat can
injure the vessel tissue and induce a inflammable response, resulting
in thrombosis and restenosis.
Fig. 9. 3D model of the ISMA stent

The ISMA stent, due to its native specific stencil and strut form,
has a slightly larger diameter in the middle region. This is an
advantage because of reduced risk of restenosis, as well as it can be
positioned in such a way, that the middle region is placed where the
embarrassment is, so the desired lumen is achieved on the right
place..

3. Comparative FEM analysis
Three characteristics of a PS and an ISMA stents are calculated
and compared: recoil (RR), foreshortening (FS) and the dogboning
(DB).
The stents have a length of 8 mm for PS and 10 mm for ISMA,
and an initial diameter of 1.37 mm and 1.6 mm (ghosh paper). The
struts have a size of 0,1, mm for PS and 0,1 mm for ISMA.

Another very important parameter, which is in a relation with
the durability and the life time of the device, are the critical stresses
in the stent.

Both stents are presumed to be fabricated from stainless steel
Grade 316L. Mechanical parameters of this steel are listed in Table
1.

The results are expressed in terms of von Mises stress and they
are shown in Table 3.
Table 3. von Mises stresses

Table 1. Mechanical properties of stainless steel Grade 316L ([1])
Metal

316L

Elastic
modulus

Poisson’s
ratio

Yield
strength
MPa

Isotropic
hardening
modulus,
GPa

Density
kg/m3

GPa

Ultimate
tensile
strength
MPa

193

550

0,3

300

2

7850

COMSOL Multiphysics 3.5, Structural mechanics module,
stress-strain setting, is used for numerical simulation.

Table 2. Computed parameters of PS and ISMA stens
RR, %

FS, %

DB, %

PalmazSchatz

3.0

3.1

7.1

7.1

ISMA

3.0

3

1.7

-26.3

Stent

1

Palmaz – Schatz (from [1])

939

2

ISMA (from[4])

400

The data for the computed parameters are taken from [1] for the
PS stent and [3] and [5] for ISMA stent, correspondingly.
From Table 2 it can be seen, that the final lumen diameter and
recoil for the PS and ISMA stents are the same.
ISMA stent is more resistible against axial prolongation. The
ISMA stent preserves the same length (FS = 1,7%) after inflation
under pressure of up to 0,3 MPa while the length of a PS stent
becomes essential shorter (FS = 7,1%). In our opinion, it is a result
of the more complex geometry of the stent. The element A depicted
in Fig. 8 and Fig. 11, experiences longitudinal strain which leads
practically to a conservation of the length of an ISMA stent.
Fig. 10. von Mises stresses in PS stent

The dogboning rate is calculated as follows:

DB 

d distal  d proximal
d proximal

Maximal von Mises stress,
MPa

The distribution of the critical stresses for both stents – PS and
ISMA, are shown in Fig. 10 and Fig. 11, respectively.

Computed parameters are listed in Table 2.

Diameter,
mm

Type of stent

From the Table 3 it can be seen that the maximal von Mises
stress is deeply lower than the ultimate tensile strength (UTS) for
the stainless steel grade 316L (650 MPa, see Table 1) for an ISMA
stent in contrast to the PS stent, which maximal von Mises stress
exceeds the UTS. It can be assumed that the ISMA stent presumes
longer life time and durability of the device.

The balloon extension is simulated by a pressure, applied
normally to the strut internal surface. Parametric solver is used, so
that the normal pressure is increased from 0 to a maximal load of
0,3 MPa and backwards. At this stage the final shape and
mechanical parameters of the stent are obtained.

Parameter

№

(1)
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Fig. 11. von Mises stresses in an ISMA stent

Conclusions
An approach for designing of open and closed cell stents is
proposed. This approach is based on translation of a closed polyline,
called a “stencil”, consisting of straight lines and circular arcs. This
tessellation like Escher’s pictures builds in a native way struts with
parallel walls and coaxial arc walls. An algorithm for obtaining
such stencil is presented.
A real stent, designed by this approach and produced by the
Firma ISMA EOOD, Sofia, Bulgaria, is 3D modeled and its
mechanical parameters after balloon inflation are FEA calculated.
The analysis shows very good parameters, comparable or even
better than conventional Palmaz-Schatz stent, presented in FEA
COMSOL Conference 2011.
The approach suggested is very useful for preparing of a CNC
program for laser cutting of a tubular stent due to following reasons:
In the general case, the coordinates of every single line or arc,
which constitute a part of the strut geometry, must be taken from
the 3D model. Thus the CNC program becomes very long with
unavoidable errors.
Using the approach suggested, one needs only a relatively short
program for only one closed polyline - stencil. Following the
stencil, the laser removes the material and the strut remains natively
without any additional operation. In the next step, the program
needs only a translation of the origin point of the stencil. In this way
the length of the program is reduced approximately 1/2*N*M times.
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Abstract: This paper describes the development of a simulation model. The model deals with the role of assembly worker in the virtual
environment with an emphasis on ergonomics and time analysis. Firstly, we analyse time reports of common tasks in manufacturing
processes like reaching, lifting etc. We receive time reports from three different methods: analytical MTM method, Siemens JACK 8.4
simulation and practical experiment. Secondly, we look into influential parameters, dimensions and mass of object, which affect the time
reports. The results of our research show us that the parameters have different weight of importance. The main goal of this paper is to
propose suggestions and guidelines for a worker-friendly environment from an automated generated ergonomic report of JACK simulation.
We also ergonomically evaluate the task of lifting with the NIOSH method and propose improvements.
Keywords: SIMULATION TOOL, MANUAL OPERATIONS, COMPUTER AIDED MANUFACTURING, DIGITAL HUMAN
MODELLING, TIME ANALYSIS, ERGONOMICS EVALUATION.

[Agosta, 2016] focused on the simulation of the upper limbs by
comparing the real and abstract movement. Macaluso et al.
[Macaluso, 2016] also deal with the upper limbs. They research arm
movement underwater and the results were compared with the
results obtained on land. The emphasis of their research was on the
kinematics of the arm at the pace. Other researchers also focused on
other parts of the body. Cheng [Cheng, 2018] was studying the
lower body, Padula et al. [Padula, 2003] the trunk. They researched
the movement of the trunk while lifting the load to different heights.
The experiment was conducted on different population groups
(female, male, students, workers with and workers without
musculoskeletal symptoms). The only work [Harari, 2018] that
deals with the same topic as our research covers the MTM
experiment and MOST analysis, but does not include any computer
simulations. The emphasis is on the whole body of workers and
their aim were to develop a new time prediction model. Authors
Polašek et al. in their work focus on comparing digital simulation
tools (JACK, Delmia) to assess ergonomics in practical cases. Three
analyses focused on carrying, lifting (NIOSH) and biomechanical
conditions were carried out. The results of both digital tools were
compared and concluded that both tools are suitable for ergonomic
simulation of the work environment. The authors of Okun et al.
[Okun, 2017] have developed a new framework of fundamental
workplace safety and health knowledge and skills (the NIOSH 8
Core Competencies) based on the Health Belief Model (HBM),
which examines how the social and physical environment affects
young workers. The aim of the research is to provide young people
with knowledge and skills on safe and healthy work.

1. Introduction
Due to an increasing competition on the global market,
industrial companies are confronted with new challenges, such as
higher productivity, new product design, shorter lead times and
better quality. Companies need to provide ergonomically designed
manual assembly workplace that support productivity, quality and
promote the health of workers and potential new employees
[Törnström, 2008].
In the early stages of manual workplace design the workers are
not effectively considered which is one of the top challenges in the
factories of the future. However, the use of digital human modelling
(DHM) tool can enhance quality by minimizing changes, promoting
security and eliminating ergonomically related problems [Onan,
2007]. The main advantages of DHM tools are representative
simulation and associated graphics for ergonomics analysis of
products and workplaces [Chaffin, 2005; 2007]. The focus in
Technomatix Jack software is on improving the design with
emphasis on product, ergonomics and human factors by using DHM
[Onan, 2007]. Siemens Jack simulation tool use MTM time
standard for all time reports [Siemens Technomatix JACK TSB
User’s Guide, 2015].
Ergonomics (or human factors) is defined by the International
Ergonomics Association as the scientific discipline concerned with
the understanding of interactions among humans and other elements
of a system, and the profession that applies theory, principles, data
and methods to this design in order to optimize human well-being
and overall system performance. Ergonomists contribute to the
design and evaluation of tasks, jobs, products, environments and
systems in order to make them compatible with the needs, abilities
and limitations of people [Karwowski, 1999].

The paper describes step by step an assessment methodology for
basic tasks, which we are used in an assembly processes. The
comparison of time reports based on MTM method and JACK
simulation tool was made. Our research focuses on the evaluation of
the impact of two different parameters of the box (dimension, mass)
on the total time in the worker`s lifting procedure. After that, we
perform a practical experiment of the same sequence of tasks and
compare time results with time reports from MTM method and
JACK simulation. Finally, we assess ergonomic report of the tasks
with emphasis on lifting task. We use NIOSH lifting equation tool
to evaluate influence of different parameters (load weight,
frequency, asymmetry etc.).

The National Institute for Occupational Safety and Health
(NIOSH) in the US published an equation for setting weight limits
for lifting tasks in 1981. The equation applies to symmetric lifting
tasks [Dempsey, 2015]. The equation was then reformed in 1991
and was called the revised NIOSH lifting equation. The revised
NIOSH lifting equation includes aspects such as asymmetry,
coupling, frequency etc. for manual lifting [Sahni, 2016]. The
objective of both equation is to prevent or reduce the occurrence of
lifting-related low back pain (LBP) among workers and others
musculoskeletal disorders [Waters, 1993].

2. Methodology

The activities we have dealt with in our research are common in
an industrial environment. By analysing the activity of lifting the
load that is dangerous to the worker's health, we can reduce the
number of injuries in the workplace, which is relevant for the
industry. The goal of all manufacturing companies is that work does
not affect worker's health, so they must provide enough time to rest
during the activities. In the literature, we found some scientific
articles that deal with a similar topic as our case study. Agosta et al.

2.1 The MTM method
The MTM method is a process that analyses any manual
operation or the method of basic movements necessary for its
implementation [Laring, 2002].
Predetermined time standard prescribes each movement. Time
standard is defined by the nature of the movement and with its
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conditions. The MTM methodology is based on the following five
basic movements: to reach, to grasp, to move, to position and to
release. These movements compose 80 % to 85 % of the procedure
wholly influenced by human beings [Ferreira, 2009]. Six different
moves can describe the movement of the body: sitting and getting
up, sidestepping, turning, bowing, squatting and getting up,
kneeling and walking [Krager, 1961].

The NIOSH Lifting Analysis Tool does provide specific
recommendations in reports for each of the equation multipliers (see
Table 1).
Table 1: Interpretation of the recommendations [Siemens Technomatix
JACK NIOSH Lifting Analysis Tool, 2015].

HM < 1

2.2 The simulation tool
The Task Simulation Builder (TSB) is the part of Siemens Jack
8.4 software. In it, you can create a simulation, where humans and
objects can be fully animated. Firstly, the user selects type of
activity from the existing task list and works through the wizardstyle user interface, to enter each task’s parameters. Secondly, when
a simulation is complete, you can generate a timing report. Time
report breaks each task down into actions and provides time
estimates. In TSB, you can also select one of the several real time
ergonomics analysis tools to review the simulations. Predetermined
task, that we can use are; to go, to get, to put, to pose, position,
regrasp, wait, touch and apply force. Mid-simulation we can swap
between sitting and standing. This task does not include any type of
motion for the worker, it simply changes the state so that all tasks
added afterwards will know the worker is sitting (or standing)
[Siemens Technomatix JACK TSB User’s Guide, 2015].

VM < 1

VM < 1
AM < 1

FM < 1

2.3. NIOSH analyses tool
CM < 1

The NIOSH Lifting Analysis tool (part of Siemens JACK 8.4) is
based on the NIOSH lift equation, which was developed by a
committee of experts who evaluated research findings from a wide
range of worker performance studies. The lifting guideline reflects
biomechanical, psychophysical and metabolic (energy) data.

RWLD
<
RWLO*

- Bring the load closer to the worker by removing
any horizontal barriers or reducing the size of the
load
- Avoid lifts near the floor
- If lifts near the floor can not be avoided, the load
should fit easily between the legs.
- Raise/lower the origin/destination of the lift
- Avoid lifting near the floor or above the
shoulders.
- Reduce the vertical distance between the origin
and the destination of the lift.
- Move the origin and destination of the lift closer
together to reduce the angle of twist
- Move the origin and destination further apart to
force the worker to turn the feet and step, rather
than twist.
- Reduce the lifting frequency rate
- Reduce the lifting duration
- Provide longer recovery periods.
- Provide new containers with better handles
- Improve the handles on the containers being used.
- Eliminate the need for significant control of the
object at the destination through job redesign or
modifying the container/object characteristics.

*D – Destination (Final state of worker while lifting), O – Origin (Initial state of worker while lifting)

You use the NIOSH Lifting Analysis Tool when you need to:
estimate the injury risk of two-handed, manual lifting tasks,
evaluate a job characterized by multiple lifting tasks, evaluate a
lifting task characterized by trunk rotation, different types of hand
coupling, repetitiveness, and duration, determine a relatively safe
load weight for a specific task, decide the appropriate style of
intervention/abatement for a task that has demonstrated a lifting
hazard, compare the relative risk of two lifting task configurations,
prioritize jobs for further ergonomic analysis.

3. Case Study
Our case study is an example of common used sequence of
tasks in industrial manual assembly process. The goal is to compare
time reports from the MTM method and JACK simulations software
tool, respectively. The problem is posed, like an example of lifting
the box with the mass of 13.6 kg and size of 406.4 mm from the
floor to the table. At the start, the worker stands in front of the table
facing it, and the box stands on the left side of the table. The worker
must go to the box, take it and put it on the table. In order to bring
our case study closer to the industrial environment where these
activities are common (lifting, carrying, etc.), we set up a laboratory
experiment and performed the same sequence of movements. The
experiment includes 10 students. Additionally, we perform
ergonomic analysis on origin tasks simulation. After that, we adjust
critical joints and perform another analysis for comparison. Then
we use NIOSH analysis tool for lifting task. Based on
recommendations, we improve critical parameters and get worker
friendly lifting task.

The model concepts give us a simple linear equation that yields
a Recommended Weight Limit (RWL) and Lift Index (LI) or
Cumulative Lift Index (CLI). RWL is defined for a specific set of
task conditions as the weight of load that nearly all healthy workers
could perform over a substantial period of time (up to 8 hours)
without increasing risk of developing lift – related lower back pain.
Recommended Weight limit (RWL) is calculated as:
RWL = LC x HM x VM x DM x AM x FM x CM
Where: LC is the load constant, determined to be 23kg, HM is
the horizontal multiplier (the horizontal location of the hands), VM
is the vertical multiplier (the vertical location of the hands from the
floor), DM is the distance multiplier (the vertical lift distance), AM
is the asymmetry multiplier (the asymmetry angle in degrees), FM
is the frequency multiplier (lifts/min), CM is the coupling multiplier
(between 1.00 ("good") and 0.90 ("poor")).
The lifting index (LI) is calculated simply as:
LI = Actual Task Load Weight / RWL
From the NIOSH perspective, it is likely that lifting tasks with a
LI > 1.0 pose an increased risk for lifting-related low back pain for
some fraction of the workforce. NIOSH considers that the goal
should be to design all lifting jobs to achieve a LI of 1.0 or less.
Experts agree that nearly all workers will be at an increased risk of
a work-related injury when the LI exceeds 3.0 [Siemens
Technomatix JACK NIOSH Lifting Analysis Tool, 2015].

Fig. 1: Some tasks from the sequence (go, bend, turn).

Our case study includes next sequence of tasks (Fig. 1). Firstly,
from the initial state the worker turns the body by 90°. After this,
the worker starts walking parallel to the edge of the table towards to
the box. He walks the distance of 1200 mm. The worker performs
two sidesteps to reach the gap between his feet for easier lifting of
the box. When the worker is in the balanced position, he bends to
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the box and prepares for the next move that is reaching for the box.
The worker picks up the box in the middle of the bottom edge. He
grasps it with both hands and applies force according to the load.
The worker lifts the box and regrasps it for easier carrying. After
that, he straightens his body to the neutral position. Than he takes
the turn by 180° and walks back in a straight line towards the table.
The distance he walks is 1200 mm. The worker turns his body to
face the table. Then he puts the box on the table. The position of the
box on the table is not important and for this reason, we use the
“put” movement and not the “position” movement. After putting the
box on the table, the worker returns to the neutral pose facing the
table.

If we focus only on total times by each method, we can see
that all tasks by MTM spend 10.12 s, by JACK simulation 12.42 s
and the total time of the practical experiment is 12.45 s.
Human being and avatar never perform task in the same way,
because we always use different trajectories, joint`s angles, path
walks, etc. In this matter, the simulation and experiment are the
same and this is the reason why they give us the same result of total
time. We can note from table 2 that MTM method spend 20% less
time for the whole sequence of tasks.

We perform 25 versions of simulation with different
combinations of mass and dimensions of the box. We compare all
versions of simulation by the MTM method and JACK simulation
tool with an emphasis on the duration of tasks.
For the given sequence of tasks, we make ergonomic report. We
focus on posture demands. The analysis includes joints angle
summary for neck, back, wrists, shoulders and elbows. After origin
analysis, we adjust the most strained joints and observed
improvements.
After that, we make NIOSH analysis for lifting task. From the
origin simulation, according to the simulation tool suggestions,
different combinations of parameters were taken into consideration,
so that we received ergonomically appropriate execution of the task.

Fig. 2: Comparison of the time analysis.

4. Results

Fig. 2 represents time difference for each task between different
methods. The percentage above the columns shows the proportion
of each task according to the total time, so if we look closer the first
column, 6.61% is the time share of task “turn the body” by 90° by
MTM method. We note that there is a huge deviation in percentage,
especially for the task of bending towards the box and grasping it
(bend, grasp) and for the task of straightening the body and
regrasping the box. Task “rise and regrasp” represent 25% of total
time by Jack simulation. Another interesting task based on time
analysis is turning; the Jack simulation needs less time for avatar to
turn, compared to the MTM method, which requires more time. The
practical experiment shows that the human spends the longest
amount of time on walking.

In this section, we present results of time analyses. First results
are from analytical method MTM, second are from automatic
generated Jack simulation tool and third from laboratory
experiment. In this section, the results of the ergonomic analyses
(posture demands and NIOSH lifting equation) are also presented.

4.1. Time analyses of tasks
Table 2 presents all basic movements for task sequence of our
case. Time for each movement is given by the MTM method, the
JACK simulation and through experimental approach. Time of all
movements is not completely consistent. We can note that different
movements contribute different share to the total time. According to
the JACK software, for example, lifting time is twice as long as the
time for the same movement, according to the MTM method.
Therefore, the same movement has a greater or lesser effect on the
total time, if we use different methods.

4.2 The Influential parameters
This sub-chapter focuses only on time analysis by the MTM
methods and by the Jack simulation. Work methodology is the main
difference between both methods. “What-if” scenarios can be used
in JACK for different movements and tasks. With this option, we
can quickly change various parameters of the object (mass,
dimensions) and the avatar (sex, anthropometric features).

Table 2: Comparison of basic movements between MTM method, JACK
simulation and practical experiment.

MTM
method
Description of
basic movements
Turn body by 90°
Walking
Sidestep
Bend towards the
box, reach and
Force application
Straighten the body
Turning by 180°
Walking to the table
Turning by 90
Put the box on the
Neutral position
Total times [s]

JACK
simulation

Practical
experiment

Time [s]

Time [s]

0.67
0.76
0.64

0.2
1.34
0.64

0.97
1.97
0.78

1.30

2.54

1.02

0.38
1.38
2.01
0.67
1.34
0.35
0.52
10.12

0.38
3.16
0.781
0.95
0.17
1.76
0.5
12.42

0.59
1.55
1.47
1.37
0.61
1.25
0.87
12.45

Time [s]

Table 3 and Table 4 represent results of total time for all
dimensions and mass combinations of the box for the MTM method
and JACK simulations. Total times of tasks, mass and dimensions
in MTM method are linearly dependent.
Table 3: MTM total time analysis for different dimensions and masses of the
box.

Dime
nsion
of the
box
[mm]

203.2
304.8
406.4
508.0
609.6

Mass of the box [kg]
4.5
9.1
13.6
9.32
9.60
9.89
9.43
9.72
10.01
9.54
9.83
10.12
9.66
9.95
10.24
9.77
10.06
10.36

18.1
10.17
10.29
10.42
10.54
10.66

20.4
10.34
10.44
10.56
10.68
10.80

The analysis of the results shows that the mass of the box has no
effect on the total time of simulations, which is not logical. The
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time is changing only because of the prolongation of waiting time
so that the worker gets accustomed to the mass of the box (apply
force task). In reality, we need more time to lift a heavier box. In
result analysis, we also discovered that dimensions have no effect
on total time. The adjustment of the body and joint position for each
task separately is necessary when changing the dimensions of the
box. The total time is different because joints can never be adjusted
identically.
Fig. 5: Initial and improve version of simulation.

Table 4: JACK total time analysis for different dimensions and masses of the
box.

Dime
nsion
of the
box
[mm]

203.2
304.8
406.4
508.0
609.6

Mass of the box [kg]
4.5
9.1
13.6
12.06
12.20
12.34
12.18
12.31
12.43
12.15
12.28
12.41
12.05
12.17
12.30
12.36
12.48
12.60

18.1
12.51
12.56
12.54
12.43
12.72

The simulations of lifting the box were carried out according to
the NIOSH methodology. We made seven simulations, some were
ergonomically acceptable and the others not (see Table 5). The
parameters for calculating RWL, which are not in the table, are
therefore constant in all versions of simulation (LC = 23 kg, HM =
0.64, VM = 0.86, DM = 0.89, CM = 0.95, Coupling = poor).

20.4
12.57
12.62
12.60
12.47
12.79

In the first version (task named 1), when worker lifts a box of
13.6 kg (AL) and his body is twisted (O.A., D.A.), we obtained
results that are completely unacceptable (red colour; STLI). The
program gives us recommendations to reduce the rotation of the
body to reduce the distance between the worker and the box and to
reduce the frequency of the lifting.

In conclusion, the JACK software does not take into account the
different dimensions and masses of the object when performing the
same movements, although in the reality lifting bigger and heavier
objects takes more time.

Table 5: NIOSH results of various simulation.

4.3. Ergonomic analyses

TASK
1
2
3
4
5
6
7

The analysis was made for all the joints of the body, and the
paper presents only joints where the parameters were the most
critical. The entire pie diagram represents the time of the working
cycle. The green colour represents the time when a worker is in an
acceptable position in which almost every healthy worker can
perform tasks completely. Yellow represents the time when the
worker is in a conditionally acceptable position, while orange
represents a time of posture that is unacceptable. Figure 3 shows a
flexion of the back. The left part of figure 3 is an analysis of the
ergonomics of the initial simulation state, and the second part of
figure 3 represents an improved version of the simulation. We note
that we reduced the time of an unacceptable position of back flexion
at the new simulation by almost 5 times. On the left side of Figure
4, we see an indication of the radial bending of the wrist. With an
improved simulation, the unacceptable position of the joint was
reduced by almost 5 times. In Fig. 5, we can see the flexion of the
back and wrist in the initial and improved version of the simulation.

AL O.A. D.A. F D AM FM FIRWL
13.6 180.4 4.7 4 4 0 0.7 0
13.6 0
0 4 4 1 0.8 10.7
13.6 0
0 2 4 1 0.8 10.7
10
0
0 4 4 1 0.7 10.77
8
0
0 4 4 1 0.7 10.77
7
0
0 4 4 1 0.7 10.77
7
0
0 2 4 1 0.8 10.77

STRWL
0
8.01
8.68
8.01
8.01
8.01
8.68

FILI
****
1.26
1.26
1.26
1.26
1.26
1.26

STLI
****
1.7
1.6
1.3
1
0.9
0.8

In the next version of simulation (task named 2), we eliminated
the rotation and obtained a conditionally acceptable result (yellow
colour; STLI). The program has proposed reducing the frequency of
work and providing a longer recovery period. We got a slightly
better result, but it is still unsuitable for the whole duration of the
job (8 hours). The next improvement was the reduction of the box
weight to 10 kg. We got a better LI, but still unacceptable. By
reducing the weight to 8 kg, the index LI was 1, which is the first
acceptable result. This result tells us that this task has a nominal risk
for lower back injury from physical stress. Then we reduced the
mass to 7kg and performed two versions of simulation with
different frequencies and obtained the results shown in tasks named
6 and 7. We can note that the biggest improvements were brought
by a reduction in back rotation and lighter load

5. Conclusions

Fig. 3: Time spent for work cycle in each posture range for back flexion.

Nowadays, the need for restructuring of companies is shown
with the aim of providing higher productivity, shorter lead time and
lower costs for the same or better quality of products. Despite the
modernization and automation of the production, there are still
many manual assembly workstations in the industry. For a better
condition and worker-friendly environment, the assembly needs to
be adapted to the worker`s needs in order to prevent injuries and
work related diseases. Ergonomic design for workers should be
introduced into the initial stages of process development. For easier
and faster design, the most appropriate use is simulations and digital
human modelling (DHM). As a result, we get an ergonomic and
time-equivalent simulation of the avatar, as in a real environment.

Fig. 4: Time spent for work cycle in each posture range for radial bending
of wrist.

A practical experiment was conducted and a simulation with the
MTM method and the Siemens Jack 8.4 software was made. The
problem described is composed of the usual tasks that are common
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in an industrial environment, such as lifting and lowering the load.
In our case, the load was transferred from the initial point on the
floor to the final point on the table. The first goal was to identify,
using MTM method and simulations, how and if the different
dimensions and masses of the load affect the total time of the
described case. In the following, we compared the times of
individual tasks and the total times according to all three methods.
The benefit of this paper is an example of how modern technology,
such as ergonomic tool Siemens Jack, can help. It allows us to
evaluate the workplace, if it is well organized for humans and if
working positions are acceptable. We can determine which factor
may cause a health risk. This is the reason why we conduct
ergonomic analysis and different “what if” scenarios for NIOSH
lifting tasks.
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Using the MTM method and the Jack simulation, we analysed
the effect of the mass and dimensions of the box on the total time.
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dimension of the box linearly affect the total time. The range of
total times by the Jack simulation was between 12.05 and 12.79
seconds. By changing the weight and size of the box, the total time
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environment, the mass or/and the size of the box surely affects on
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Abstract: The paper presents some of the results, obtained during the research on scientific project at TU-Sofia № 171ПР0012-06
“Research on the influence of using raster image processors (RIP) on the quality of color printing of digital proofing systems“[1]. The
purpose of the paper is to present a research on the quality of color printing of and toner based printer using custom generated ICC profiles.
Before the current research, the printer is properly adjusted, calibrated and linearized according to the method published in previous
research of the author. The generated profiles are then thoroughly tested and analyzed using specialized software. Their color gamut is
compared to the standard offset gamut. The color rendering of the profiles is evaluated through testing and a general conclusion of the
benefits of the process is provided.
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One important point has to be noted - color measurements are
performed with a i1 Pro spectrophotometer which has no
standardized UV radiation (measurement M0). The printing paper
used is highly fluorescent (as is the recent trend), and the failure to
take this effect into account may cause the colors on the display to
not match with the printer's printouts. This problem is particularly
important and pervasive in the world, and at present there is a newer
version of the spectrophotometer used for profiling which
successfully deal with fluorescence effects. As a compromise
solution, the author has generated two color profiles for the
researched printer - with and without taking into account the
ultraviolet content of the paper used. This was achieved by using a
Roscolux # 0314 ultraviolet filter with a known spectral
transmittance curve placed between the printed color targets for
profiling and the spectrophotometer to generate the UV-Cut profile.
After generating the customized color server profile, it is necessary
to install the profile in the color server and set it as the default
source profile.

1. Introduction
At present, the benefit of individualized profiling of color printers
worldwide is still underestimated. It is a common practice for
printers in digital printing houses and studios to work with their
factory settings. It should be remembered that these settings were
valid when the printer was new and there was no wear in the
printing components and the inks in it were original. Also in recent
years the whiteness of paper has increased many times. As a result,
factory settings and color profiles do not characterize the current
state of the printer, and print output will have measurable and
visible color deviations over its digital original, resulting in final
customer dissatisfaction. The purpose of the publication is to
examine the print quality of a Konica Minolta Bizhub C350 tonerbased printer with installed color server RIP by measuring printed
reference colors and analyzing the accuracy of the generated color
profiles.

2. Characterization and profiling the color server and
printer with i1Profiler software

3. Characterization and profiling the color server and
printer with EFI Fiery Color Profiler Suite 4.9
software

Figure 1 shows the process of generating customized color profiles
for the color server using i1Profiler software and X-Rite i1Pro
spectrophotometer.

Because of the problems discussed, in a previous study, in order to
avoid double color management, the author has also provided
specialized profiling software specially developed for more
advanced color servers from their EFI Fiery manufacturer. EFI
Company claims that it sends raw CMYK data to the print server
for profiling by skipping the printer's current output profile and only
using its current calibration. This should correctly describe the
current behavior of the printer to generate the most accurate
individualized printer profile. Using the EFI software, proven and
optimized for the color server profiling settings have been achieved.
The end result is generating a third individualized printer profile.
Before the software reference pages generated by the software are
printed, it is also necessary to set the correct settings on the color
server. This is done through the modern version of the Fiery Server
Color Management Software - Fiery Command Workstation 5
(Figure 2). The figure clearly shows with arrows the path of the
color data before profiling. Specifically, CMYK data without an
attached profile skips the color management and conversion through
the output profile of the printer and is directly printed only by using
the printer calibration - that is the purpose of this procedure. One
special feature of the profiling approach used here must be noted two sets of test pages of consecutive and randomly arranged colors
were printed and measured for greater accuracy of the
measurements. Subsequently, the measurements are averaged and
the generated profile is more accurate. In Figure 3 only the first
page of the reference colors is shown.

Fig.1 – Reference profiling target without color management as it
will actually be printed and measured (only page 1 of 6 shown)
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Fig.2 - Color settings of the server before profiling

Fig.4 – Actual printed, scanned and measured test page for
optimization of the neutrality of a generated individualized profile
with i1Profiler software

5. Evaluation of the accuracy of color rendering of
the generated profiles using ColorThink software
An analysis is made of the color rendering accuracy, neutrality, and
color gamut for the two color profiles generated using i1Profiler
software and subsequent AutoGray optimization; the Fiery Color
Profiler Suite software generated profile and a factory profile for the
color server model. Figure 5 shows the basic parameters of the color
profiles studied for the particular color server.
Fig.3 – Results from measurement and averaging of color values
during profiling (mean Delta E2000 error = 0.6)

4. Optimization of a color profile created with
i1Profiler software by improving its neutral balance –
AutoGray procedure
The presented research includes investigation of a new feature
offered by the more advanced Fiery X3e 22C-KM color server AutoGray procedure (gray balance). Profile neutrality is an
important parameter for the quality of color printing. In the graphs
below, it is shown graphically by calculating color vector graphics
of the color error achieved. In some cases these errors may be
significant (delta E2000> 5). Such values are easily noticeable and
unacceptable when assessing print quality. By using AutoGray
procedure, they can be significantly reduced. The procedure
involves choosing an individualized color profile that has already
been downloaded on the color server, analysis from the server
software, generation of an individualized test page, printing on the
specific printer with the specified profile, and scanning the page
from the pre-calibrated scanner of the printer with the ColorCal
feature. A Kodak Q13 reference neutral target is used together with
the scanned test page, which serves as an absolute reference for
white, black and grayscale monochrome gradations. The scan result
is visualized in the form of optical density curves of the four colors
of the printer, just as with the calibration process. The user also has
the option of further curve adjustments when needed. The
measurements are recorded in the specific profile. An evaluation of
the achieved neutrality of the optimized profile is made in chapter 5.
Figure 4 shows the actual printed and scanned test page:

Fig.5 - Comparison of the basic parameters of the studied color
profiles (factory-bottom left; i1Profiler - bottom right; Fiery Color
Profiler - top right) versus standard offset profile Fogra 39 (top
left)
The largest color gamut of 413284 colors is achieved with the
factory generic ICC profile; the profile created with the i1Profiler
software has a gamut of 407045 colors and the profile created with
the Fiery Color Profiler software has a color gamut of 375565
colors. The factory profile of the printer with 413284 colors has the
largest range of the three profiles tested and shows that when the
printer was new, its color rendering capabilities exceeded those of
offset printing. It should be remembered that since then 13 years
have passed and the components of the printer have been replaced
several times, and that the toners currently used are not original.
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Therefore, it is necessary to generate a current individualized color
profile describing the current status of the printer. Another
important aspect is the white point of the profiles. With the factory
profile and the offset profile, the white point is almost neutral and
does not indicate the presence of brighteners in the paper. For both
generated profiles, there is a strong shift in blue to the color of the
paper (white point LAB coordinate b). This is a sign of eventual
inconsistencies in color rendering at a later stage because the
spectrophotometer used has reported fluorescence on the paper and
its effect is recorded in the generated profile but color prints may
exhibit visual differences because the human eye has adaptation
mechanisms to the white level, while the profile will calculate all
available colors in the print image based on a bluish (not offset
white) reference base. The color gamut of the i1Profiler generated
profile is slightly larger than that of the offset profile, and suggests
that it may possibly be used as a hardproofing device. In the
following figures, other important parameters determining this
suitability will be analyzed. Figure 6 shows a comparison of the
color generation curves in the profiles studied using an absolute
colorimetric rendering intent. For the smallest brightness (0% on the
X axis), the different inking strategies and the important TAC (total
area coverage) parameter in percent can be seen. The neutrality
degree of the color rendering of the generated profiles (top and
bottom right) is good, as shown by the color tone shift circle
indicator, but it is not ideal as in the offset profile (top left). This is
again an indicator of the inherent instability of printing of tonerbased electrostatic printers compared to classic offset printing. The
improvement of the darkest achievable black color of the generated
with i1Profiler profile versus the factory profile is noticeable another benefit of printer profiling. A comparison of the colors of
the printer's toner inks was made versus standard offset inks, and
the corresponding color differences were also calculated. The
studied printer has much smaller color difference than other models
tested by the author, and excellent printer behavior can be expected
as a hardproofing device.

is also made.

Fig.7 - Neutral color rendering evaluation through generated
individualized profile with i1Profiler software

Fig.8 – Grayscale color rendering errors in the LAB color space of
generated with i1Profiler (left) and Fiery Color Profiler (right)
profiles
It is compared to the gamut of standard defined offset printing space
to visualize in 3D the suitability of a researched printer as a
hardproofing device. The color gamut of the i1Profiler profile is
shown graphically in figure 9 along with a standard offset profile
gamut superimposed on top of it. It shows slight deviations from the
reference one mainly in the yellow and less in the magenta hue
areas. This may be due to a change in the toner used, as well as the
wear of the yellow color printing mechanism. There are also
differences in white points due to the bleached paper used. The
black color differences are small. It can be concluded that the
generated profile has a good color rendering abilities and a
sufficiently large color gamut and can be used for unofficial offset
printing simulation, but it will not be able to color manage the
printer as a hardproofing device and will not be able to withstand
Fogra certification for hardproofs.

Fig.6 - Comparison of the profiles neutral color generation curves
rendering
Figures 7 and 8 show the analysis of the neutral color rendering of
the generated profiles by converting 100 gray levels defined in the
LAB color space and converted to gray colors as they would be
printed by the printer if it used this profile. At the right of the figure,
a graphical representation of the color error is made along with the
corresponding numerical values. The improved neutral color
rendering of the generated profile with i1Profiler is noticeable,
partly due to the AutoGray procedure. This will greatly improve the
color quality of the printer. It should be noted that the two tested
profiles have a much better neutral color transmission compared to
non-color servers equipped printers tested. It can be concluded that
the research printer is of a higher quality class. After evaluating the
neutrality of the profiles, an assessment of their overall color gamut

Fig.9 – 3D Comparison of i1Profiler generated profile color gamut
and standard offset profile gamut (shown entirely in red)
Figure 10 shows the Fiery Color Profiler profile color gamut with a
standard offset color gamut superimposed on top of it in 3D LAB
color space. It covers almost the whole gamut of the offset profile,
with deviations mainly in the yellow area. The reason most likely is
the wear of the yellow printing unit or differences in the used
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yellow toner compared to the original one. It can be expected that
the generated profile will have a good color rendering in its own
right, as well as when used for offset printing simulations, but the
printer will fail to successfully pass certification as a hardproofing
device according to the Fogra procedure.

6. Results and discussion
In the presented study two software packages are used to generate
individualized profiles in order to get a more complete picture of the
printing behavior of the tested printer. Also a method of generating
two profiles with and without UV content and subsequent averaging
of the measured colors for achieving greater color accuracy is used.
Also a procedure for optimizing the gray balance of the generated
profiles is used. The neutrality of color rendering of profiles has been
investigated as well. The profiles color gamuts are compared to that
of a standard offset profile. Graphics are also generated for the
generation of primary and secondary colors of the profiles. The
results of the study clearly show a significant improvement in the
color gamut, the neutrality and the generation of the main colors of
the printer using individualized color profiles versus a factory color
profile. There is also almost complete overlapping of the color gamut
of the properly set-up and individually profiled printer with that of
standard offset printing condition. In this way, the printer can be
used successfully both as an unofficial hardproofing device and for
full-color digital printing with a high degree of reliability of the
printed materials against its original originals. It should be noted that
the identified color weaknesses in some hue areas are due to the age
of the printer and the author can reasonably claim that when the
model was new, after applying the procedure described here, it
would have been a full substitute for offset printing press in
qualitative aspect.

Fig.10 - Comparison of the Fiery Color Profiler generated profile
gamut and a standard offset profile gamut on top of it in 3D LAB
color space (colored entirely in red)
Figures 11 and 12 illustrate graphically the generation of primary
and secondary colors (CMY and RGB) using the two generated
printer profiles as a comparison of an standard offset profile on the
graphs. The results show that the printer has a good generation of
primary and secondary colors, and they are closer in rendering
colors to that of a standard offset printing profile.

7. Conclusion
The results obtained using previously published adjustment and
calibration method of the researched printer and the profiling
procedure described here with optimizations and improvements to
the generated profiles prove the benefits of using color management
in today's digital printing versus the use of only factory settings of
the printers. The presented material also contributes to the
improvement of print production quality in digital printing houses.
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customers, its efficiency and for the development the most relevant
marketing activity in current situation.
The optimum result of relationship marketing can be
achieved only in situation when the interests from the all market
institutions, which are involved in the industrial company
performance, are taken into account completely and adequately.
Moreover, in the scientific literature the issue about the choice of
data metrics and the data inflows structure for the relationship
marketing management in the industrial company is supposed to be
reliable.
It is required to design the data inflows scheme, which
will be able to create the marketing information system in such a
way, that allows to collect as many feedbacks, impressions from the
customers, the loyal and constant clients interaction results, the
customer opinions about the product and service, the customer
satisfaction level, the intention for the company product and service
recommendation, the expectations for future cooperation as
possible.

1. Introduction
The relationship marketing performance depends on the
all company divisions’ access to the data and its regular updating.
The complete information support for marketing activity allows
making decisions concerning the changes in the external
environment rapidly and in good time, so that can provide the
marketing cost minimizing. The relevance for the creation and
implementation of the marketing data for the companies, doing
business in the industrial markets, is determined by the need in
decreasing the uncertainty element and risk in production and sales
performance. The importance of the marketing information system
is caused by the evident demand from the industrial companies for
the implementation and development such a relationship system,
which could help the company to get the sustainable market
position and to support the long-term relations with the customers.
In order to achieve this goal, it is required to maintain and improve
the data feedback from the customers and also to supply them with
the actual information. The systematic quality research of customer
behavior permits to generate the complex understanding the clients’
needs, preferences and values [4]. The customer feedback is
becoming the prior element in the marketing data for the
development of the marketing relationship concept.
The development of business processes in the company
for the reaching the result, which the customer intended to get,
requires the constant data updating about the level of achievement
and the customer interaction efficiency. That’s why in the
transformation to the relationship marketing concept from the
traditional marketing, the marketing data has to be reconsidered. It
should be developed in order to track and to reveal the data from the
customers, and to analyze it and it should be available to the
company management, for those persons, who are responsible for
the making the decisions. The national industrial companies pay
more attention to the customer behavior study and design of the
customized technical offers for satisfaction the demand of the most
sophisticated clients, providing the company success. [1].

3. Solution of the examined problem, Results
and discussion
Having studied the peculiarities of marketing information
system for industrial enterprises, the scientist emphasized the fact,
that the marketing data is used for the decisions making covering all
managerial aspects in the company, but not only for the marketing
purposes. W. DeLone, E. McLean’s and S. Petter, developing the
model of marketing information system, proposed the two major
elements for the success - the sustainable and the informative
quality. The flexibility and the availability for data examination are
the part of the sustainable quality; the reports, the researches, the
web-pages templates, which includes the target, the pattern, the
frequency and the implementation degree are the part of the
informative quality [11]. The contemporary researches X. Li, Sh. X.
Sun, K. Chen, T. Fung and H. Wang highlight the importance of
common sense and the system of marketing data analysis for the
understanding the market context and possible risks [8]. L. Mocean
and C.-M. Pop recommend to build the marketing information
system based on the customer interests and preferences and
avoiding the data overdose [9]. O.U. Yuldasheva emphasized the
same aspect, that the major company asset within the marketing
relationship transfer is the data and knowledge, which could not be
generated without the interaction between the institutions [2].
According to the authors, the structure for data inflows
should be designed with regard to fulfillment all tools of marketing

2. Preconditions and means for resolving the
problem
The information system for the relationship marketing at
the industrial enterprise includes the regular inflow of relevant data
about the market, the customers and the results of the interaction
with them, the conditions of external and internal company
environment, and the final analysis the whole data in order to get
the objective estimation for the results of relationship with
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mix. From the point of view the development of the customer
relationship, the following models are the most customer-oriented:
«4С» and «4R», bringing the customer to the first place in the
developing the value process, which they would like to receive. The
author of «4C» model R. F. Lauterborn modified the «4P» classic
concept and made the marketing tools focused on the customer;
submited the product as the customer needs and wants, the price as
the cost to the customer, the place for product purchase as the
convenience, and promotion as the communication with customer
[5]. The marketing aim for the implementation of this concept is the
individual customer needs satisfaction and the gaining the clients
loyalty as a result for the mutual beneficial relationships with the
organization.
The model «4R» emphasizes the personal approach in the
marketing. The author of its one edition D. Schultz considered the
four marketing tools: the Relevance between the organization and
the customer, which demands the strong matching the company
products to the customer needs; the Respond for the fast changes at
the market; the Relation with the customers and fulfillment the
promises; the Reward from the clients for the received value, the
intention for the future cooperation [10]. The same model was
introduced by the American scientist Elliott Ettenberg, who
presented the Relation between the company and its customers as
the marketing tool; the Retrenchment - as the way for proximity for

the organization and clients, the demanded technology and
consumption way; the Relevance as a correspondence the brand
value with the products purchase motivation and the customers
Reward - as the way for long-term meeting their preferences and
needs [7].
This model supposed to include the process of the
studying the top customers wishes and the developing the improved
customer value for them [5]. The company’s major goal is the
maintaining the tight relevance between the organization and the
customers, the transformation of the sales process into the
fulfillment of the promises, given to the customers, and as a result,
the creation of the constant client group, which would be the longterm source for a company profit.
The decision-making for considered issues requires the
systematic data inflow about the customers and the results for the
interaction with them. The authors, based on the models «4C» and
«4R» analysis, have designed the information system scheme,
which is taking into account the need for the data from the point of
view the considered marketing tools in order to make the
managerial decisions in accordance with the marketing relationship
concept. The data inflows scheme for the implementation the «4С»
marketing complex model is presented on the figure 1.

The tools of the model «4С»

The data inflows

Customer needs and wants

Total customer number
Production peculiarities, the customer technologies
Product relevance to the customer needs
Specific and originality of the customer needs

Cost to the customer

Customer paying capacity
Payment conditions
Payment methods
Relevance between the price and value
Prices of the competitors
Customer location
Terms of delivery
Need for technical support
Availability for sales through the internet
Findings about the competitors offer

Convenience

Data from the customers: reviews, complaints, claims,
recommendations
Company reputation
Level of satisfaction
Future cooperation conditions

Communication

Fig. 1. The data inflows scheme for the implementation the «4С» marketing complex model
The source: developed by the paper authors.
Having analyzed the data inflows implemented with «4R»
model (Fig.2), it can be observed the coincidence of the major data
inflows types for the «4C» marketing model tools. But
simultaneously the «4R» model tools have to be estimated as more
complex approach in order to build the data background, since it
includes the value understating, creating the organization
performance and the customer. It could provide the possibility for
development the further activities, focused on this value
management based on a such data.
As a result of data exchange between the partners, the
creation of the common data environment, the management of

communication, it’s possible to achieve the settled level of
interaction for the mutual fulfillment of planned activities, taking
into consideration the partners knowledge and technologies in the
industrial market.
The authors propose to consider the «4R» model as a
basic model for the marketing relationship management for the
organization in the industrial market, as it allows to develop the
more complex approach for the company business-process
performance, providing the results desired by the customer.
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The tools of the model «4R»

The data inflows
Total customer number
Product relevance to the customer needs
Facts about the purchase decision-making persons
Facts, concerning the company-client chief-executives
Maket data and the changes facts on it

Relation

Retrenchment

Customer paying capacity
Payment conditions, Payment methods
Prices of competitors
Production peculiarities, the customer technologies
Delivery and storage specifics
Customer location
Company product value in customer production
Findings about the competitors offer
Need for technical support
Brand value
Staff professional skills
Staff motivation

Relevance

Data from the customers: reviews, complaints, claims,
recommendations
Company reputation
Level of satisfaction
Future cooperation conditions
Time period of customer interaction

Reward

Fig. 2. The data inflows scheme for the implementation the «4R» marketing complex model
The source: developed by the paper authors.
Designing the marketing mix based on the analysis of the
collected information, it’s necessary to transform the company
functions from all the divisions, where the customer preferences
play the leading role. The top-managers, the staff of the marketing
and sales departments, personnel of the production units, logistic,
technical support, supply department, finance and economics
departments have to stick to the client centricity in their usual
activities, based on the interests and values of the customers.
The complex of activities for the tools of «4R» marketing
data system model, collected as a result of information management
in accordance with the scheme, was developed for the Russian
production company – the producer of polyvinylchloride
constructions (PVC) - The Limited Liability Company «Adeplast».
The main consumers of PVC constrictions are
manufacturers of windows, operating in the market of individual
clients. The consumption level of these companies depends on the
growth rate in the houses construction and the percentage of
windows covering of existing real estate market. Beginning since
2014 the windows construction market in Russia has a clear
tendency for decreasing, in 2014 the market was accounted for the
46.8 million sq. m., in 2015 it was 40 million sq. m., in 2016 it was
32 million sq. m.; according to the research of the «O.K.N.A
Marketing» agency. 2017 was a some kind of stable year for the
windows construction market due to: the slowing the inflation rate,
the banks loans availability, the government support for the
mortgage financing, the indexation of pensions and one-off pension
payments. The optimistic forecast is the total market growth by 5%.
From the results of the studying the market in 2017 the new trends
are revealed: the amount of the customers, who are ready to pay
more for the popular PVC constructions brand and for the more
quality windows produced with the use of modern technology, is
growing.
Also in 2017 the share of customers, who have changed
the windows in new building due to the low quality, expanded.
According to the results of 2016 the share of consumption in
segment «new construction» was 20%, and in the segment
«windows reinstallation» was 80% [3].

In such conditions the PVC constructions companiesproducers have to increase the management efficiency, to develop
the complex of activities for the all marketing tools, based on the
complete data marketing analysis. The knowledge of each customer
and its needs lets to optimize the cost for sales and marketing, and
to gain more profit from the maintaining the efficient
communication with the client.
The target segment share for the Limited Liability
Company «Adeplast», which called «Major customers», accounts
for 26%, and it provides the company of 84% sales and can be
described as the narrow demand by 1-2 product rage items.
Let us determine the key marketing decisions for the
company producer of polyvinylchloride constructions, designed
with accordance the market trends and based on the data inflows for
the each tool of the «4R» model.
1. Relation. For generation the relations between the
company and its customers its essential the following:
the comprehensive and constant studying the target
segment customer needs;
the conducting the marketing researches;
the collection the data concerning the partners chiefexecutives, who are in change of taking the decisions
about the purchase;
the increase of production volume for the demanded
product range;
the possibility to discontinue the production for some
product range;
the high level quality support, the improvement of the
customer demanded products characteristics;
the availability of constant warehouse stock for customer
demanded product range;
customized production for the individual orders from the
major customers and the development for them the
improved consumer value.
2. Retrenchment. In order to provide the proximity for the
company with its clients and for the consumption comfort
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development it is recommended to complete the next
suggestions:
to analyze the current level of customer purchasing
capacity;
to monitor the activity and prices of the competitors;
to outline the flexible payment conditions and provide the
possibility for online payments;
to fulfill the customized order of the major customers;
to cut the prices in the conditions of supplying the cheaper
raw materials;
to provide the delivery on time.
3. Relevance. For the creation a brand value and the further
motivation for the company products purchase it is
required to do the following:
to make available the technical support in good time, to
provide the consultations of technician staff for the
customers;
to keep the congruity of the producer products to the
leading-edge technologies and inform about it regularly
the customers;
to provide the technical data about the product range;
to hold the constant monitoring of the available
technologies used by the market competitors;
to replace the account-managers from the «small»
customers to the «major» ones;
to design the loyalty program for the primary customers;
to develop the adequate staff motivation policy.
4. Reward. In order to manage the efficient datacommunication process for the developing the customer
reward as the long-term method for the customer needs
and preferences satisfaction, it is necessary to complete
the following:
to manage the customer data-base;
to manage the feedback, claims, complaints and
recommendations;
to provide the analysis in the customer satisfaction level;
to make possible the personal communications between
the staff, top-managers of the company-producer PVC
construction items with the companies-customers;
to enhance the advertising campaign and advertising
support for the partners;
to maintain the corporate website and update it;
to arrange the online orders;
to manage the customers congratulations with holidays,
special events and the customer invitations for the
corporate events;
to estimate the interaction efficiency with the target
segment clients.
The large volume of narrow product range consumption in this
industry segment is the sign to consider the decision about the stop
the production line for particular product range. The replacement of
the personal sales-managers from the individual clients from the
non-target segments such as «average» and «small» to the segment
of the «major» customer’s permits to cut the costs for the sales staff
and increase the efficiency of relationships with the significant
corporate clients. The further development the relationships with
customers based on the marketing relationship management
concept, lets to emphasize the company’s attention to the essential
corporate customer’s needs, improve the technical and consumer
characteristics of the product range. It’s important for the target
segment to guarantee the products availability in stock, its fast
delivery, to develop the personal relations system, which can
considerably increase the company competitiveness’s level and the
loyalty of the significant companies customers will be the
fundamental source for the long-term mutual beneficial
relationships. The subsequent company management goal is the
data fulfillment for all the tools of developed marketing complex in
order to achieve the success.

4. Conclusion
The scheme of the data inflows, designed by the authors
and targeted to the further relationship marketing management
strategy development with the target segments of the industrial
company, is the prior direction of LLC «Adeplast» company
development and it is implementing at the current time. Proposed
the metrics for data inflows, the «4R» model tools permit the
company to collect and systemize only the data, which is really
important for the managerial making a decision within the
relationship marketing strategy. This marketing strategy allows
company to save the marketing budget. This fact is particularly
significant in conditions of difficult economic situation in the
company and high competition level in the market. The efficient
marketing relationship management information system will allow
maintaining the long-term relations with partners due to creation
and support of the close relevance between the enterprise and
clients, the obligation performance, the creation of mutual value
that as a result leads to obtaining considerable advantages in the
industrial market with the high competition level.
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other hand, efficient resource management ensures for improved
operations management of port logistics processes. Therefore, the
core process of resources allocations, management of business
processes and achievement of results set the backbone of the port
logistics management. Information flows implementation via ICT,
data analysis and data output control are the link between the three
elements of the core processes. (Figure 1).

1. Introduction
Maritime ports are vital part of the international supply chain,
logistics systems and serve as main connectors between maritime
operations and hinterland systems. To improve ports’
competitiveness, port management focuses on customer needs,
provides value-added services and aims at decrease of costs to
achieve higher levels of efficiency. The relationship between global
supply chain management and port logistics management requires
profound analysis of port logistics business processes. The port
enterprise is facing the increasingly complex international trade
patterns, the requirements of global terminal operators and
transportation companies and other strategic behaviors, which
demand integration of inland transport and port logistics system [5].
Establishing management frameworks for improved port logistics
performance increases the port enterprise competitiveness. The
proposed modelling concepts are based on the quality management
theory. The basic elements of quality management system include
various components and processes. Strategic planning and
operational control are vital for ensuring of efficient quality
management practices via cost reductions and increased production
efficiency. The present article analyses the structure of port
management processes, its components and the processes within the
port enterprise. The proposed conceptual model aims at
improvement of port management performance in terms of logistics
management, integration and mainstreaming of business processes
with stakeholders.

Figure 1: Main processes of improved performance model of port
logistics management system

Strategic decision system ensures for the establishment of
modern port logistics management system. Specific objectives at
strategic level and their achievement allow for building of
integrated business processes flows as the basis of the decisionmaking process at management level.

1. Conceptual model for improved port logistics
management
Port logistics management is generally focusing on customers
and is based on strategies setting efficiency goals both for costs
efficiency and time costs reduction. Application of information
systems allows for continuous improvement of the system
functioning. Effective resource management and the systematic
approach to port logistics management require application of certain
approaches for optimization of internal processes and production of
value-added services. Management of information flows allows for
analysis and control at operational level, collecting of data and
using data analysis for strategic purposes. Self-assessment
procedures, along with the established quality system of the port
enterprise, are also factors for improved port logistics management.
According to [4] the terminal supply chain integration model is an
empirical structural model which includes information and
communication systems, value-added services, multimodal systems
and operations, supply chain integration practices and other
measurement variables [4].

Port enterprises strategic and operational objectives
management should be focused on efficient customer relationship
management. The latter includes optimization of internal processes
according to customer needs, identification of customer values and
demand, establishing of certain brand services pertaining to the
specific port. Adoption of certain methods for evaluation of
customer demand and customer criteria for improved services is
part of the overall management system. Port services, standardized
by default, should achieve higher level of differentiation to allow
for overall efficiency of the customer relationship management
processes.
Port logistics system’s functioning is based on the available
resources – investments, human capital, port infrastructure and
superstructure, along with logistics information flows. Strategic
goals for resources management in port logistics include
establishment of logistics management platform, improvement of
the financial control system and corporate investment processes.

There are several criteria for assessment and development of
improved port logistics management model. Strategic decisionmaking process, linked with supply chain strategic goals are the
prerequisite for efficient customer relationship management. On the

47

Operations management is vital for the logistics systems
management. Process management should be based on the total
production management concept, forming lean logistics
management model basis information technologies for improved
model for process management [2].

Performance indicator

Port performance indicator
* Volume of handled cargo

Output indicators

* Added-value services
* Investment scope and scale
* M arket coverage of hinterland areas

3. Application of key performance indicators in
port logistics management

Improvement indicators

* Number of liner services
* Value of goods handled by the port
* Use of EDI

The established in management theory performance indicators
serve as a tool for comparison of performance, provide information
of the enterprise functioning and are the basis for establishing
relations with the business stakeholders. These indicators are often
widely used by publicly owned enterprises to ensure for
expenditures transparency. Performance indicators are grouped
according to the business processes analyzed. Indicators quantifying
output, however, are not very precise in providing information on
the businesses processes flows. In the long term, port performance
indicators provide a valuable tool for analyzing the factors affecting
the port logistics system operations. Furthermore, port management
reports to external stakeholders are based on analysis of port
performance indicators.

* Extent of modal shift for hinterland traffic
Operational indicators

* Customs revenues
* Competitiveness of port dues

Table 1. Port performance indicators (adapted from [3])

The volume of cargoes handled in ports is the most widely used
port performance indicator. As a rule, the ranking of ports is based
on the volumes of cargoes handled with differentiation by cargo
type. The values of this type of port performance indicator describe
the potential for port development. However, certain limitations
apply as concerns volumes of cargoes handled in ports [3]:

Due to the specialization of port logistics system it is necessary
to distinguish between several groups of port products [3]:

- aggregating the volumes of various cargoes into a single figure
distorts the option for comparison of port production;

- cargo handling and cargo transfer, whereas this type of
product is related to handling of ships and providing services to
shipping companies;

- volumes of cargo handled do not provide insights on the
impact of the port in terms of global supply chains;

- logistics product, encompassing warehousing activities, valueadded services, cargo inspection, etc. and all activities being
focused on logistics companies and forwarding companies;

- the increase of volumes of handled cargoes is an outcome of
global commercial flows and is not entirely based on the
performance level of a certain port.

- port manufacturing product, which includes provision of
infrastructure and superstructure for investment in production
facilities by international companies.

The value-added services port performance indicator quantifies
the added value provided by the port activities. The latter indicator
is applicable for the evaluation of port economic viability except for
the port efficiency.

As ports are the intersection of transportation flows, the cargo
handling product is of highest importance. The latter includes
operations such as cargo handling, customs procedures, tug
services, pilotage, etc. and all activities necessary for the loading
and discharging processes to and from vessels and other types of
transportation units.

Market coverage of hinterland areas is achieved mainly via
certain marketing strategies through external stakeholders. The
attractiveness of the port as considered by major liner operators is
based not only on the available infrastructure, allowing for efficient
port operations, but on the availability of various added-value
services offered. The application of electronic data interchange
systems that are compatible with companies’ information systems is
considered a competitive advantage for the port. The application of
port performance indicators is useful for measuring the port
development scale and for comparison between ports.

For provision of value-added services many European ports
develop logistics centers in close vicinity for optimization of global
supply chains cargo flows. As port management strategies include
expansion of logistical processes this product allows for higher
competitiveness of the port enterprise. As for the port
manufacturing product, same refers to specific production activities
located within the port premises depending on the types of cargo
flows. This product required higher level of external investment and
joint ventures with stakeholders thus ensuring for wider variety of
added-value services.

The layout of the improved port logistics management system is
presented in Figure 2. The performance management system should
be improved based on the new system of port performance
indicators. The indicators will allow for profound assessment and
quantifying of the logistics system functioning.
Figure 2. Improved port logistics management system

The above should be considered interdependently although port
users and clients set different requirements for specific port
services. The latter is the reason for unbalanced port product
portfolio for the medium-sized ports in Europe whereas different
ports offer products mainly within a single scope. Table 1 provides
a resume of the most important elements of port products.

Port management system

Service system analysis, logistics costs, efficiency indicators

KPI performance
management

For the purposes of more detailed analyses of the port logistics
performance, specific performance indicators are developed. It
should be noted that direct comparison of values of certain port
performance indicators of different ports is not precise due to the
different market positions of the ports and the scope of port
products. Therefore, the internal structure of port performance
indicators ensures for provision of a detailed information which is
used also for strategic and operational purposes.

Logistic
system selfassessment

CRM
evaluation
system
Logistics
operations system

Maintenance and operations system of logistics infrastructure

ICT systems as logistics support

48

The established logistics center will serve for self-assessment
covering all operations. In this way the logistics processes
efficiency assessment will be based on evaluation of processes
architecture, distribution of responsibility, schedule for reverse
response, tracing of bottlenecks and analysis of the results. The
communication channels with customers will be improved along
with implemented clients’ surveys for creating feasible CRM
evaluation system for quantifying the efficiency of the port logistics
system from customers perspective. As for the cost efficiency, the
proposed model structure for improved port logistics management
will allow for higher level of analysis that is vital both for
operations management and decision-making process at strategic
level. Through the analysis of the performance results the pertinent
problems can be identified and potential opportunities defined so as
to create a well-structured framework for strategic development.
The ICT system, as a supportive system for the entire port logistics
system, should be further improved and updated.

4. Conclusion
The proposed modelling concepts for improved port logistics
management describes a certain set of criteria for enhanced port
management system being integrated with contemporary theoretical
approaches for quality management. Based on the present article
analysis, the improved performance model of the port logistics
enterprise will enhance the competitiveness of the port logistics
enterprise [1]. The regular internal quality system review ensures
for identification of performance failures. The application of the
improved port logistics management model will allow for the
introduction of the lean logistics concept based on the results at
operational level that will allow for analysis and improvement at
strategic level. The marketing strategy of the port enterprise will be
focused on customer relationship management and will improve the
efficiency of the port logistics management. The present article has
analyzed and defined the main priorities and concepts for designing
of improved port logistics management system. The results show
that new approaches are to be applied in port logistics management
based on integration of business processes and efficiency of
performance.
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an EEIG does not necessarily have to be formed with
capital. Members are free to use alternative means of
financing, but the grouping may not invite investment by
the public;
 the activities of the grouping must be related to the
economic activities of its members, but cannot replace
them.
The grouping’s objective is to facilitate or develop the
economic activities of its members by a pooling of resources,
activities or skills. The liability of the members of EEIG relates
primarily to respect the obligations of the grouping’s legal statute,
the subject of legal rights and obligations under the regulations,
including expenditure and income. The EEIG has at least two
organs: the members acting collectively and the manager or
managers.

1. Introduction
The current European policy concerning the high tech
investment proposals' realization for international energy, transport
and infrastructure projects' development and their practical
implementation requests environmental and rational innovative
investment process. Taking into account the high level of
investment for the international energy and infrastructure projects,
in almost all cases is supposed that a multi-source approach of
financing is necessary, having the European funds as a main
component. Today, in all cases, each such project must be
undoubtable an innovative project and in accordance with the safety
and environmental European requirements.
That’s why choose of the most appropriate type of Legal Entity
(LE) for realisation of each international energy, transport and
infrastructure project, is very important and it is a step with very
high priority in the whole investment process. The LE is a key
factor, acting for coordination of the management and for legal
responsibility during the all phases of the project. There are many
examples for high tech investment proposals' realization with needs
of rational choose of most appropriate type of LE in Bulgaria [1],
Europe [2] and around the world [3].

The provisions for taxation of EEIGs in the Member States are
given in the relevant Finance Acts. For the purposes of taxation, a
grouping is regarded as acting as the agent of its members. The
EEIG is not subject to any accounting or auditing requirements, and
therefore does not have to file an annual return with the relevant
national Chamber of Commerce. The EU legal framework
(“acquis”) define the Intellectual Property Rights (IPR) in various
aspects related with the possible activities of an EEIG, with relevant
documents [5].

For the aim, with the report are briefly presented the main types
of European Legal Entities with their advantages, disadvantages, tax
issues, intellectual property rights (IPR), etc. On the popular, so
called European company (SE), little more attention has been paid.
These types could be considered from consortiums and investors,
with view to choose some of them as basis for a LE of an
international energy or infrastructure project' development and
practical implementation of this type of LE.

The EEIG under European law has a number of advantages
including 'legal capacity' - the right to enter into contracts, to sue (or
be sued), tax transparency, members have flexibility regarding the
method of financing the grouping. As important disadvantage of the
EEIG can be mentioned the lack of a capital requirement is
unlimited joint and several liability of the members.

3. European Grouping of Territorial Cooperation
(EGTC)

2. European Economic Interest Grouping (EEIG)
In accordance with the Council Regulation No 2137/85 from 25
July 1985 the EEIG is a form of association between companies or
other legal bodies, firms or individuals from different EU countries
who need to operate together across national frontiers [4]. It carries
out particular tasks for its member-owners and is quite separate
from its owners' businesses.

The EGTC was established the 5 July 2006 by Regulation (EC)
1082/2006 of the European Parliament and of the Council and came
into force on 1 August 2006 [6], as first European cooperation
structure with a legal personality defined by European Law
designed to facilitate and promote territorial cooperation (crossborder, transnational and interregional cooperation), in view of
strengthening the economic and social cohesion of the European
territory. It is for management and implementation of territorial
cooperation programmes or projects co-financed by the Community
through the European Regional Development Fund (ERDF), the
European Social Fund (ESF) or/and the Cohesion Fund (CF). The
EGTC is created with Convention and Statutes adopted by the
EGTC's members.

Some main characteristics of an EEIG are:
 obtaining the legal entity statute, supposes a judicial
procedure in the process of the formation of the grouping;
 the EEIG is a legal person of public or private law;
 there are in one grouping, as minimum, two members
from different Member States and an EEIG cannot
employ more than 500 persons;
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to contribute for strengthen the overall research and innovation
framework and coordinating efforts across the EU.
Some of the main characteristics of an EJU are: needs of a
judicial procedure for its formation; the registration in this manner
confers full legal capacity on the EJU throughout the EU; fostering
the innovation potential of research infrastructures and their human
resources and the R&D partnerships with industry, and to stimulate
the creation of innovation clusters, also to support training and/or
exchanges of staff managing and operating research infrastructures;
reinforcing of European research infrastructure policy and
international cooperation; creating of networks for excellent
researchers and innovators; exploring the possibility of setting up an
European IPR valorisation instrument.

Fig 1. Setting-up of EGTS
As a general rule, an EGTC must be composed of at least two
members coming from at least two EU Member States. The Revised
EGTC Regulation allows accession of members from third
countries or overseas countries of territories under certain
conditions.
EGTCs have four main tasks to carry out:

The structure of an EJU could to have (for instance similar with
so called Fusion for Energy (F4E), created under the Euratom
Treaty): Governing Board assisted by a Bureau; Administration and
Management Committee; Procurement and Contracts Committee;
Technical Advisory Panel and Audit Committee. Director, which is
the CEO (Chief Executive Officer) responsible for day-to-day
management of the organisation.
The EJU can combine H2020 and private sector funds within
public-private or public-public partnerships in key areas where
research and innovation could contribute to Europe's wider
competitiveness goals, leverage private investment and help tackle
societal challenges.
Taxation operates under a system of fiscal transparency; that is
to say, any profits, losses or gains are shared between the members
according to their shares. For the purposes of taxation, an EJU is
regarded as acting as the agent of its partners. The EJU is subject to
accounting or auditing requirements. The Member States can
establish paying income tax for the types of income.

Fig 2. Main tasks of EGTS
The EGTC is liable for its potential debts. If the EGTC is not
able to reimburse said debts itself, the members of the EGTC are
then held liable. Organs of an EGTC are an assembly made up
representatives of the EGTC members, and a director representing
the EGTC and acting on its behalf. In order to be effective, the
EGTC has to be able to manage the relationships from inside and
outside, because each EGTC becomes knowable to the local and
national authorities and in important communities and establishes
an image and a portfolio of its performance, also in European level.

Concerning the IPR it shall be established in the contract of the
EJU. Similar of the EEIG as LE the EJU has the almost the same
advantages. Should be mention that an EJU creates opportunities for
administration and coordination of international networks for
excellent researchers and innovators.

The Member States can establish paying income tax, for
instance: Registration fees established by the laws in force;
Donations and money or goods received by sponsorship; Incomes
from compensation from insurance companies for damages
produced to the own tangible assets.

As opposed to the advantages on one hand the specific objective
of EJU is to endow world-class research infrastructures which are
accessible to researchers from different countries in Europe and
beyond and which fully exploit their potential for scientific advance
and innovation. On other hand this important particularity of the
EJU could see as a disadvantage because the research
infrastructures are becoming increasingly complex and costly, often
requiring integration of different equipment, services and data
sources and extensive transnational collaboration. No single country
or small EJU has enough resources to support all the research
infrastructures it needs.

The IPR shall be suitable reflected in the convention and in the
statutes of an EGTC. In general scope of the European legislation
the author of each work has the exclusive patrimonial right to
decide whether, how and when the work will be used, including the
right to consent on the using of the work by others.
Some advantages of EGTC are: offer the possibility for project
partners to hire staff together and make joint purchases; can
implement macroregional strategies; to build links to other
programmes/funding sources and to spreading the reach of
territorial cooperation; to open new forms of multilevel governance.
It can be a tool to implement the Europe 2020 Strategy, boosting
competitiveness and sustainability in Europe's regions.

5. Societas Europaea (SE) or European company
Legislation and law applicable for this LE are the Council
Regulation (EC) No 2157/2001 of 8 October 2001 [8] on the Statute
for a European company (SE) and the Council Directive
2001/86/EC [9] supplementing with regard to the involvement of
employees, thereby recognising their place and role in the business.

EGTCs have disadvantages as discrepancies between planning
and practice, in particular for the cross-border cooperation. Better in
this aspects are the network-EGTCs. Concerning the multi-level
governance sometime there are disadvantages in the implementation
caused from the differences/not fully harmonized national
legislations with EU legislation.

By reason of the accession of Bulgaria and Romania in EU is
introduced Amending act of the Council Regulation (EC) No
1791/2006 of 20 November 2006 [10] adapting certain Regulations
and Decisions in the fields of free movement of goods, freedom of
movement of persons, company law, competition policy, agriculture
(including veterinary and phytosanitary legislation), transport
policy, taxation, statistics, energy, environment, cooperation in the
fields of justice and home affairs, customs union, external relations,
common foreign and security policy and institutions.

4. European Joint Undertaking (EJU)
EJU is a legal entity established under the TFEU (Treaty on the
Functioning of the European Union) [7], as collaborative structure
proposed for the efficient execution of EU research, technological
development and demonstration programmes. The EJU objective is

The SE’s objective is to contribute to the completion of the
internal market in Europe and to the improvement of the market
brings about in the economic and social situation throughout the
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Community, i.e. not only that barriers to trade to be removed, but
also that the structures of production to be adapted to the
Community dimension.

The SE Regulation describes 4 different ways of setting up an
SE (Merger/Holding/Subsidiary/Conversion). The SE regulation
also allows the SE to set up further SEs as subsidiaries.

In accordance with the regulation [9] the SE is a legal structure
that allows a company to operate in different EU countries under a
single statute, as defined by the law of the Union and common to all
EU countries. An SE is established with at least two companies
originating in different EU countries, which means especially that it
can only be created from an existing base. It must have a minimum
capital of €120 000. In addition, an SE may itself set up one or more
subsidiaries in the form of SEs.

Analysis of the form of foundation, as very important
characteristic of SE, leaves no room for doubt about the preferred
way of registering an SE: 78 % have been set up by way of
subsidiary (mainly of another SE), 8 % by conversion, 4 % by
merger and only 1 % by creating a new holding company.

Other important characteristics of an SE are: Accomplish
combined application of the SE regulation and national law; No SE
may be established without a model of employee involvement being
selected by agreement between the management and the employees
themselves, including information and consultation procedures and,
where appropriate, employee involvement in the management
bodies of the SE; The SE legislation represents a milestone not only
in the field of EU Company Law but also in the field of European
industrial relations.
One study on the current state of the SE founding in Europe
(Andres Carlson e.a., European Trade Union Institute, Brussels)
shows examples for important characteristic of the SEs, for
instance:

Fig 5. Forms of foundation of SEs

Characteristic of growth shows that the number of SEs has
increased steadily year by year (at almost exponential growth rates),
with a total of 2,125 SEs in 2014.

SE founding has so far been only rarely used as a tool for crossborder mergers within or between large companies with employees
in many European countries.
Other very important characteristic of the SEs is the mobility.
The idea of the SE is to provide the company with a large degree of
flexibility and mobility within the European internal market. For
this reason, the SE can transfer its registered seat to a different EEA
member state. The map below shows that for SEs is not very
popular to use this specific flexibility with regard to cross-border
mobility: 2004-2014 less than 4 per cent (79) of the currently
registered SEs migrated to another EEA country, sometimes
immediately after their registration. For instance, the highest net
inflow (incoming SEs minus outgoing SEs) before the Brexit was
observed for UK (+11 SEs), Austria (+5) and Cyprus (+6). On the
other hand, the highest net outflows have occurred in the
Netherlands (–15) and Denmark (-7).

Fig 3. Growth of the number of SEs
The geographical characteristic shows that SEs can currently be
found in 25 of the 30 countries of the European Economic Area
(EEA) but they have very unbalanced distribution in Europe. The
Czech Republic (70 % the central location of the country in Europe
certainly has big influence) and Germany (14 %) host by far the
highest share of the overall number of SEs. The TOP-10 SE
countries together are home to approximately 97 per cent of all SEs.
A considerable number of SEs can be found in the metal and the
chemical sectors.

Fig 6. Mobility of SEs
By 2014 an arrangement on worker involvement had been
concluded in only 105 of the currently established (2,125) SEs. In
55 SEs the workforce not only has the right to transnational
information and consultation but also to participation in the SE’s
supervisory or administrative board, although as a fundamental
principle and stated aim of the Directive is to secure employees'
acquired rights as regards involvement in company decisions.

Fig 4. SEs by sectors in Europe

52

The SE itself must take the form of a company with share
capital that being the form most suited on a European scale, in
terms of both financing and management. The liability of SE relates
primarily to respect the obligations of the SE’s legal statute under
the regulations, including expenditure and income. The members of
a SE, for instance founded as holding, could contribute to the
payment of the amount by which expenditure exceeds income.
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Practically two organisation structures of SE are possible, i.e.
the statutes of the European company can relate to two different
systems:
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the flexibility regarding the method of the founded and also by
way Merger or Holding or Subsidiary or Conversion;
a large degree of flexibility and mobility within the European
internal market .
'legal capacity' - the right to enter into contracts;
to sue (or be sued);
tax transparency;
possibility for a public limited-liability company.
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The most fundamental innovation brought about by the SE
legislation the possibility to internationalise the composition of
employee representation on company boards.
As important disadvantage in the majority of SEs which have
been set up by way of subsidiary is the threat to worker involvement
rights in the SE. In this regard is difficult to negotiate workers’
rights at a later point in time, when the company has recruited its
employees. In this aspect, the above indicated advantages of the
flexibility of the SEs could ne consider as increased uncertainty for
the employees.

6. Conclusion
The types of LE presented above could be considered and
accepted from investors and companies on one hand, and also from
authorities and municipalities on other hand, in Bulgaria and other
countries, not only as reasonable recommendations. These should
be applied together with relevant effective measures and activities
for possible most rational realization of big national or international
energy, transport and infrastructure projects, and for achieve of safe
and environmentally sound sustainable development of the
investment process.
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1. Introduction in administrative processing
An administrative process is a set of successive activities of
documents (incoming, outgoing and also internal origin) processing
and tasks and generating a final result. This is a process of data
processing, processing in accordance with a certain predefined
technological sequence to aggregate and / or make a management
decision to achieve a defined management quality. It is also
considered that an inform decision guarantees an efficient
administrative processing and management.

Administrative services offered from an administrative
body to citizens and legal entities



Administrative
procedures
initiated
from
the
administration itself or from another external
administrative authority
From the point of view of the number of administrations
involved in a single administrative processing services are
considered simple and complex.
The basic principles of an effective administrative management
are:

Initial
processing

Internal
processing

Final
processing

An administrative process is a sequence of stages. Three main
stages of the administrative process can be differentiated: the initial
stage of initializing documents, tasks and data processing, the
internal administrative procedure and the finalization of the process.
The main elements in the structural decomposition of the
administrative process are the "task" and the "document". Data in
documents leads to tasks posing and fulfillment, those tasks can
lead to other tasks and/or documents origination. Documents can
also originate from tasks that do not derive from other documents
but from the work of a collective management body.

Document



Formulating and posing a task



Control of the execution of assigned tasks



Information and reference activities, working processes
and strategies optimization



Archive and storage

Optimal administrative processes management is based on the
following principles:


Decomposition
components



Differentiating and describing the different directions of
activity and defining the pathways specific to the
directions



Formulating conditions in which a minimum realization is
achieved for each of the directions

Task

of

the

processes

of

managerial

or:

The initial processing of documents and tasks involves the
activities of the definition and the parameterization with specific
values of a number of descriptive and significant requisites. Such
requisites are the correspondent (addressee), the type of document
(a letter, an invoice, a statement, a request, etc.), the subject and the
type of the requested process / service. Administrative proceedings
are initiated if the incoming data corresponds to the statutory forms
and volume, including a legal basis, a correct and correctly filled
out form, a full set of accompanying documents stated in an act, etc.
The internal administrative processing is the process of taking
management decisions, the assignment of tasks for execution, time
and quality control on the fulfillment of the assigned tasks and the
preparation of a document that finalizes the process. The
finalization of the process is the final processing of the documents
and data in the file, the closing of the tasks (marking them as
fulfilled), the archiving of the documents and the response to the
client.



structural decomposition into sub-processes - defining the
sub-processes, the inter-connections and the specific
functions for each of its elements and detailisation, a
sufficiency analysis; the structural decomposition must be
formulated in such a way as to allow the ease in the
addition of other cases and elements that do not overlap
with other elements



multimodal management - identification of the different
working cases and their description with the means and
the elements of the structural decomposition



synthesis of optimal management strategies - including
the additional cases, thus not compromising the
effectiveness of the strategies that have been organized so
far

Optimization goals:

From the point of view of the client initializing the
administrative processing, two main types of administrative
management processes can be distinguished:
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Improve the management quality and the efficiency



Make possible further addition of new procedures in the
development of new functions

the reasons why such results are achieved has to follow and several
principles are followed to reduce the delays and negative
evaluations of the results. This in fact serves to provide sufficient
information for making management decisions to correct
imperfections or deviations of parameters.

In general the objectives of an optimal administrative
management also include improving efficiency, quality of service
and management, speeding up performance, introducing innovation,
implementing specific regulations and, above all, limiting reverse
movements.

In the next few paragraphs, we compare the semi-heuristic
measures that are being taken to improve efficiency and quality of
management.

2. Basic principles:
The main feature in the implementation of a given
administrative-management function is the assignment of tasks and
functions to a specific structural unit or an official, specialized in
the respective area. This principle possess two aspects: one is the
unambiguous determination of the unit, and the other is the correct
formulation of the task. The two aspects of the principle are difficult
to consider separately from each other, since on the one hand the
properly formulated task can define the structure and on the other
hand the structure affects the formulation of the task, taking into
account the particular organizational structure. Besides these two
basic aspects, the formulation of the task has several more
parameters:

On the basis of unsatisfactory results from the statistics (big
processing time for documents, errors, negative attestations,
difficulty in incorporating new management functions and
reflecting new normative documents, etc.) there is a need to analyze
problems in the management of administrative processes . It should
be noted here that the unsatisfactory assessments of the
administrative capacity of our state administration lead to the
allocation of funds for its improvement, the assessment criterion
being the improvement of the services for the citizens and the
business. Not well-functioning administration leads to major time
and financial losses even to juridical precedents, which also cost
time and money. Until now, the administration has been working on
vaguely labeled technology, lacking the tools to comply with, or
there are no prescriptive procedures and allocation of functions and
responsibilities at all. Very prominent in support of these statements
is that the Bulgarian government has started the process of egovernment implementation, one of the main elements of which is
the service of individuals and legal entities by electronic means. In
this respect, a number of activities have already been carried out in
terms of formulating, on the one hand, the criteria for the
management of the procedures and, on the other hand, the
administrations themselves in terms of description of processes and
their formalization. By law, public administration bodies are
required to be ISO certified, and this is precisely a description of the
procedures in a form similar to the one in this thesis. The goal is
minimization of processing time and easy insertion of new
management functions.

Employee(s) / Participant(s) - The person(s) that will execute
the work on the task. When there are more than one participants in
the task's development an additional definition should be added:
whether one of them is the leader in performing the task, whether
all performers work independently from each other or whether the
work of part of the performers depends on the work of other
performers on the same task.
Defining deadlines (two main types: final deadline and
control/intermediate term) for performing the task - if the task
involves multiple employees, the respective terms may be different
for each employee or a group of functionaries.
Defining an official or a unit controlling the work on the task there are multiple approaches and generally they depend on the
accepted work technology. Normally, the lead performer on the
assigned task is also the one monitoring the task's work of all the
employees. In cases with a single employee, it is possible to
designate his or her supervisor or another official at the same level
of the organizational hierarchy as the participant, that has to
monitor the performance. In some organizational and administrative
structures, the supervisor of a given task is treated as a participant in
the same task. In others, the supervisor is in fact a participant of a
task that follows the implementation of the factual task. In this case
the first (actual) task is the basis for formulating a second task to
monitor the implementation of the first task. It is important to
mention that the implementation of the monitor task does not imply
a result, but a positive assessment that ends successfully the
fulfillment of both tasks. The first task is considered to be poorly
executed until it is positively evaluated by its supervisor, but
performance evaluation can not be obtained until a result is
produced. A detailed description of the task structures will follow
further.

Normally, when new management functions arise in an
administrative structure, it has to be optimized. In general the
optimization process ended with one of the following two results the assignment of the new functions of an existing structural unit
that is not specialized and qualified for their implementation or the
formation of a new unit to exercise the new functions. In the first
case, there are new, accumulated negative outcomes - work
increases, and resources and qualifications - not logically followed
by longer time delays and negative assessments. In the latter case,
the newly formed unit can burden the work of the existing elements
of the structure, including the technical and software support. The
greater risk, however, in this case is that in the quest for the
formation of a unit with specialized functions there are added ones
whose implementation is imputed to another existing unit, and this
inevitably leads to collisions and dilution of responsibilities, already
- duplication of work. A detailed description of the classic method
of decomposition used in the structural decomposition of the
working administrative processes will follow.

Another important aspect in the formulation of tasks is the clear
definition of the requirements to the final result as the participants
of a given task should be aware of the specific requirements for the
reports and materials they produce. These clear requirements should
be strictly observed in order to assure for a positive evaluation
immediately after preparation of reports and materials thus effective
work.

After the building of a verbal description of the problem and the
definition of the objectives follows the analysis of the environment
and the boundaries of the problem. The environment can be
considered "semi-determined", because part of it is formulated by
regulatory documentation, and part of it depends on the social
factors - i.e. of the volume of work itself, from which the
sufficiency of resources for its implementation is assessed. Factors
influencing the quality of the process include, on the one hand, staff
turnover (including holidays, business trips, sickness absences) and
delays arising from the use of postal and courier services when
additional external information is required (that element is
obligatory in complex services). In addition, it is worth noting and
assessing the impact of the so-called administrative capacity,
financing and energy intensity.

In performing of administrative functions, a great attention is
paid to the control over the execution of the tasks in terms of
timelines and quality, with the term (deadline) being considered as a
qualitative indicator. The processes generally might include two
iterations - collecting (statistics) data and then processing and
analyzing them. An analogue of the information and reference
activities is the periodic accreditation, where on the basis of
statistical information about the deadlines submission of all
performances of the tasks and the number of the negatively
evaluated materials an evaluation of the efficiency of a procedure
and / or unit is made. If the assessment is low, a further analysis of
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Apparently, the "straight" approach to the problem does not
give satisfactory results, taking a direction from the start of the
process to the end result. That is why it is approached by the "other"
end starting from the purpose, through the methods and limitations
(constraints) for its achievement, resource evaluation, to the input
effects, which again reverts to the principle of building the
structural decomposition.

for an unambiguous identification, a "back-up" action plan has to be
provided, which is considered to be in the best position to meet the
quality indicators and requirements, i.e. - the generalized model.
Each of the models in use has to be optimized in accordance of
quality indicators and cost sizes.
The main purpose is maximum quality at a minimum price
The quality of an administrative process is, above all, a function
of the efficiency of the human resource employed in it. i.e. the
higher the qualification of the employees of an administration, the
higher the quality of the administrative processes in the respective
state administrative authority is expected to have. The main
qualitative indicator is the timing of the tasks to be performed: not
only must they be implemented on time but also meet specific,
specific requirements for each individual administrative activity,
including document layout, factual content and so on. What
determines the cost of technology is the spending (exhaust) of
human resources, including all wage costs, overheads, etc. costs
associated with the work process. But the main resource available is
the employee and his time. Therefore, when building a network
model, in the considered arc weights also quantify the amount of
spent working hours for the performance of an administrative
activity. It might be assumed that each arc spends time on one
employee, denoted by the weight of the rainbow. The fictitious links
in the models, where the process automation can be appropriately
carried out, expressly indicate whether human time is spent or not.
At the same time, an analysis of the optimization options is made in
the general case.

Once the structural decomposition of:
1. the administrative process - it already became clear that the
task and the document are the main elements of the structural
decomposition; the main "subprocesses" (activities, operations) that
are carried out as part of an administrative procedure (registration,
allocation, assignment to a functionary, including formulation and
assignment, task execution, evaluation of performance, coordination
procedure, finalization
2. the functions and tasks of the individual administrative units
one can proceed to an analysis and decomposition of the
different working processes in the different activities - i.e.
classifying and describing different workflows and their modeling
through a multitude of core activities / operations. Here the
management basis is a multi-model adaptive management[1]
(separation of manageable units) approach. Uncertainty stems above
all from ineffective management procedures and uncertainty within
terms that depend on external factors, so there is a structural
uncertainty and another uncertainty of a purely random nature. In
this way, by separating two different types of uncertainty some
degree of determination of the task under consideration can be
achieved adding respective filters and applying appropriate adaptive
techniques to uncertainty. Of course, the uncertainties arising from
external factors should be subsequently taken into account, but for
each administrative management process they will represent an
ultimate and minimal set and also their origin is considered to be
fully known - who they are and how many they are.

At first glance, the subject under consideration is continuous or rather a continuous sequence of information transmission and its
aggregation from one employee to another. On a thorough analysis,
it can be easily noticed that this process can be very conveniently
and easily referred to in the terms of discrete event systems - a
sequence of a discrete set of states, each of which is reached after
the execution of one or a set of specific administrative activities. To
construct such a discrete description an appropriate approach is
needed, namely a work breakdown structure of the process and the
interpretation of the activities and conditions. The requirement for
the elements of the process classification structure is to contain such
elements as to provide and guarantee a qualitative description even
if the system parameters are changed. In this case, the parameters of
the system are changes in the regulatory and legislative framework
regulating the activity of an administrative structure, new
requirements for the quality of the processes, change in the structure
of the organization, personnel changes, etc. In short, what could be
changed in such a system is:

Subsequent analysis and synthesis of models and management
strategies need to be carried out again in two stages. First, go back
at the initial set-up of the problem before its "shredding" - to
examine and analyze the critical and shortest path. Based on these
considerations, the need to determine processes and to illustrate
optimized processes can be demonstrated. In general, administrative
processes are undetermined and stochastic but discrete.
The implementation presented in the following pages is
minimal: it combines the principles of multi-model adaptive
management because there is a striving for an absolute
determination of the possible working variants (types of processes,
grouping of the types of processes based on general principles and
characteristics). This, in turn, makes the approach as optimal as it
aims to minimize resource spending and maximize efficiency and
speed.
The meaning behind the above concepts is as follows: if at the
input of the system we have a request that is not identifiable, i.e.
does not belong to any of the models already built, its development
will follow "full-stage" order - on the critical path. For this path,
however, after all of the following research and analysis, we'll have
enough information about what we can expect as a result, and even
more - we have statistical information about future or more
accurately the possible realizations of the process. When creating a
qualitative and complete description of all administrative activity
(ie, maximizing all possible cases) such "incidental" requests are
expected to be minimized while the elements in the set increases.



a manifestation of a new statutory document stating the
framework for a new procedure;



a repeal or a modification of an existing normative act
which regulates the administrative activity in a certain
administrative process;



a change the amount of resource available to perform the
processes;



a change the statutory deadline for the execution of a
procedure;
All elements of the breakdown structure must allow for such a
"fluctuations" in the parameters of the constructed models.
Elements must be selected in such a way as to allow the modified
models to be modified in order to reflect newly emerging situations.
When a detailed description of all work processes is available, it is
realistic and possible to make a realistic analysis of the sufficiency
of the available resources: number of employees, qualification, etc.

The aim is to build a model for each of the processes - a
principle that is the basis of multi-model adaptive management. In
order to build a model for each process, a generalized model that
reflects to the maximum extent all sub-processes needs to be
evaluated and developed. By reducing this aggregate model, the
specific patterns for each administrative process should be obtained
and management can be synthesized for each of our known
operating modes. For these regimes, which there is not enough data

3. Network models techniques
As stated above, the administrative process might be considered
as a discrete event procedure. So a network model is an appropriate
abstract description tool [2,3]. The initial network model contains
actual weights of the arcs for the duration of the current activities in

56

the development of one single realization of an administrative
process. In addition, fictitious links include operations that can be
machine / algorithmically implemented. These operations are not
exactly fictitious in the true sense, but in any case the whole
approach to the task is highly specific as such, and the trivially valid
concepts for each approach differ semantically from the ones
specific to the task. The dummy operation in a model means that no
human resource is spent, but it does take time that is minimal and
negligible compared to the overall duration of the process. The
execution of the dummy operation implies the existence of specific
and pre-defined initial conditions, and it must generate specific
results. In such a treatment of the task, the Critical Path Method
(CPM) gives the minimum time to complete this process. The
critical path gives the set of activities that determine the minimum
duration of the process, and something else - their sequence in the
sense of which critical operations should be completed before the
next one starts. It is clear that any delay in carrying out any of the
critical operations will lead to a complete delay in completing the
procedure. Changes in critical operation parameters inevitably
affect the duration of the overall process. This is a logical
conclusion of project management. Let's look at the advantages of
the Critical Path Method from another point of view. After its
implementation, an ordered set of operations is obtained, i.e. if an
operation is treated as an information processing, it must have the
initial conditions required to execute it, run an operation specific to
the operation, and generate a new set of data that is already the
starting point for the next operation.

4. Conclusion
Taking into account the above risk, the options for applying
each of the above three approaches should be considered. Parallel
execution of sequential operations in the problem under
consideration is impossible due to its specificity and the flow of
information due to the mentioned logical factors behind the abstract
representation of the arcs and nodes. Adding additional resources to
a certain stage of development is perhaps the most intuitive and
widely used way to shorten the execution time of an operation. But
it does not imply absolute results. Yes, it is true that quantitative
accumulations inevitably lead to qualitative changes, but in this case
not only the absolute value of the change but its sign is important.
Another thing that is a serious underwater in such an approach is
that every extra resource has its own cost. In support of the above
considerations, a classic example can also be given with the trivial:
one canal is dug by 10 people in 10 days; will the canal be dug for 1
day out of 100 people? The conclusion is that this approach to
shortening the duration of critical activities is applicable to the task
under consideration, but with a particular caution - not to get a
surplus, not to overly increase the price, which instead of producing
positive results to reflect in a bigger delay. Consider also the fact
that the coordination of the activity of 5 people is one problem, and
the coordination of 10 people - it is quite another. The third
approach seems to be the best option and deserves the most
comprehensive analysis as it has a number of obvious limitations,
but it also provides several options if it is approached in the right
way. Clearly shortening the time for sending and receiving
information to an external administration can be achieved by using
modern (and not yet new) technologies that are widely available - email, Internet, etc., automated generation of requests for
information to certain databases, templates of sample documents,
etc. With regard to the elimination of elements from the critical
path, a modern approach is needed - under what conditions can
activities be eliminated, can the states through which they pass be
emulated (presented) appropriately. The answer to all these
questions is yes - if sufficiently accurate and correct models for
each process are built when doing such a detailed analysis of the
activity, as a result of which it is possible to say unequivocally at
what event an operation is started, which document which official is
being processed. What is the set of information that a workplace
handles - what information it receives, how it processes, what
information it generates, whether it uses information that is stored
in another / separate information system or array (database), and
what its structure is. In this way, a shorter path than expected is
expected, and a set of variants of possible conversions appears. Two
methods are combined: the critical path and the problem of finding
the shortest path in a network, such as the critical path being the
initial condition, and the result of the shortest path is the best option
that can be achieved as a result of the network optimization.

The Program Evaluation and Review Technique (PERT)
provides an even larger set of data to analyze. By its very nature,
PERT is a modification of the CPM as the main difference in the
input of the network, not its structure and, above all, the results
obtained. PERT works with statistical assessments of the duration
of the activities on the critical path. This results in a statistical
assessment of the minimum duration of the process under
consideration, and it can be ascertained with what probability the
process can be executed within specific deadlines, or, more
importantly, the likelihood of delaying the completion of the
process. PERT introduces uncertainty into the model parameters
with respect to the expectation of the duration of each operation.
After two methods of estimating the determinations - deterministic
and stochastic - have been applied, it is necessary to examine and
within what limits the duration of the execution of such a process i.e. the CPM is modified into a task with interval estimates of the
duration of the operations. As a result of applying the three
algorithms, a solid information will be available about the minimum
duration of a process, its variance, the order of operations in the
course of its execution, and the timeframe in which a result can be
expected.
So the interpretation of the results is slightly more controversial
than in the trivial case of applying these methods. On the one hand,
the results are described with "this is what we expect" to happen, but
in fact it is more correct to say "that is why it is happening at the
moment" when the probability of meeting deadlines is very small
and the requirements are very high.

In the models that are constructed, the arcs entering a node are
of two-sided significance - on the one hand the activities that must
be completed before the start of the next on the path and the
generated results, which are the initial conditions for the next
operations. All the time it's about information - its one-time
introduction and multiple use, its aggregation and updating.

The project managers and the theory provide three ways to
shorten the critical path:


fast tracking – parallel execution of operations on critical
paths that run sequentially;



аdding additional resources to critical activities in order to
reduce their duration;
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