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DISPERSION MODELING AND ASSESSMENT OF AIR POLLUTION WITH 
PARTICULATE MATTER (PM10) IN URBAN AREAS OF CENTRAL NORTH 

BULGARIA 
 

ДИСПЕРСИОННО МОДЕЛИРАНЕ  И ОЦЕНКА ЗАМЪРСЯВАНЕТО НА ВЪЗДУХА С  ФИНИ ПРАХОВИ 
ЧАСТИЦИ (ФПЧ10) В УРБАНИЗИРАНИ ТЕРИТОРИИ НА ЦЕНТРАЛНА СЕВЕРНА БЪЛГАРИЯ 

 
MChem. Vlaknenski Ts.  ,  

Dept.” Environmental sci. and ecology”– Technical university of Varna, csv@mbox.contact.bg 
 

Abstract: The dispersion model and assessment of air pollution by particulate matter (PM10) are developed in accordance with the 
requirements of the Bulgarian legislation and the Framework Directive 96/62 / EC on the assessment and management of air quality (AAQ). 
The input data of the model was based on an assessment of the sources of air pollution in three urban areas of Central North Bulgaria - 
Svishtov, Sevlievo and Gorna Oryahovitsa, defined as point, area and line sources of PM10. 

The results of the modeling and assessment of air pollution in the studied urban areas of Central North Bulgaria for 2007- 2010, show that 
local air pollution with PM10 from domestic heating of solid fuels is a major factor for dust pollution of air in them. 
Keywords: Dispersion modeling, Atmospheric Air Quality (AAQ), urban areas of Central North Bulgaria  

KEYWORDS: DISPERSION MODELING, ATMOSPHERIC AIR QUALITY (AAQ), URBAN AREAS OF CENTRAL NORTH 
BULGARIA 

 

1. Introduction 
The use of solid and liquid fuels in industry, transport and 

household sectors is related to the separation of fine particulate 
matter (PM10) polluting ground atmosphere of the cities. 
Evaluation of the contribution of individual groups of sources in the 
formation of the overall air pollution PM10 is a key factor in 
assessing ambient air quality / AAQ / in an urban area. For such 
evaluations dispersed modeling is an integral part of the 
management of air quality. 

Made Dispersion Modelling and comparative assessment of the 
quantitative results it monitored air pollution by fine particulate 
matter (PM10) in three medium-sized urban areas of Central North 
Bulgaria - Svishtov, Sevlievo and Gorna Oryahovitsa. 

 This modeling and evaluation are made in accordance with 
Bulgarian legislation [1], [2] and European requirements [3] for air 
quality. 

The aim of the study is based on the results obtained from the 
modeling, implementation of further measures to improve air 
quality (AAQ) concerning the reduction of particulate air pollution 
in the studied urban areas and provide environmental comfort of 
their population .. 

2. Dispersion modeling of emissions of PM10 
2.1. Description of dispersion model SELMAGIS 

Assessment of the impact of different sources of PM 10 
emissions on ambient air quality in the town of (Svishtov, Sevlievo 
and Gorna Oryahovitsa) is made by dispersion modeling for two 
periods (2007 and 2010). For this purpose was used the SELMA 
GIS software of the German engineering office Ingenieurbüro 
Lohmeyer GmbH & Co. KG, Karlsruhe [4].  

Modeling results are presented in accordance with Regulation 
№ 12/2010, and meet the requirements of Section II, Annex №8 of 
the same by providing information on the share of modeled sources 
of PM 10 in the average annual concentration of PM 10 for the 
receptor points. The assessment model of pollution of (Svishtov, 
Sevlievo and Gorna Oryahovitsa) includes data for point, area and 
line sources and background contamination. SELMA GIS includes 
dispersion model AUSTAL 2000 for the distribution of air 
pollutants, developed by the German Environment Agency [5]. It is 
Windows-based software that works as anextension of the 
geographical information system (GIS) at ESRI (ArcMap). 

2.2. Input for dispersion modeling 

The input data for dispersion modeling with SELMAGIS of 
PM10 emissions in the three urban areas include the provision of 
the following data: 

- Meteorological data;  

- Emission data about point sources; 

 - Emission data about area sources. 

 - Emission data about transport; 

 - Preparation of a digital map of the area; 

 - Selection of receptor network; 

- Determination of background contamination  

2.2.1. Meteorological data 

For the purposes of this modeling, weather data for the area of 
(Svishtov, Sevlievo and Gorna Oryahovitsa), provided by the 
NIMH-BAS have been used. In statistical aspect these are file data 
in digital form for the period (2007 - 2010), containing information 
on wind speed, wind direction and the category of resistance of the 
atmosphere in the particular urban area. 

Modeling air pollution, by generating weather data in dynamic 
order, results in frequency distribution of wind speed in respect to 
direction and dispersion category, which define distribution of 
PM10 in the atmosphere of the studied area. 

2.2.2. Emission data for point sources 

These are data on emissions of air pollution in the urban areas 
(Svishtov, Sevlievo and Gorna Oryahovitsa) from industrial sources 
that contribute to the determination of air quality in terms of PM10 
air pollution. 

Data used for the dispersion modeling: 

- height and diameter of the chimney 

- Velocity of the exhaust gas 

- gas temperature 

For 2007-2010 we used data from point sources of PM10 of 
companies from our previous studies [6]. PM10 emissions from 
industry in the urban area have been calculated based on the records 
of periodic emissions measurements of atmospheric pollution and 
data from annual reports on IPPC. 
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2.2.3. Emission data for area sources 

The built-up spaces of the urbanized areas (Svishtov, Sevlievo 
and Gorna Oryahovitsa) were divided into areas of habitability, 
which were defined as area sources of air pollution with PM10. An 
estimation of the average gross consumption of fossil fuels by 
regions has been made and as well as balance calculations of 
household emissions of PM10 in the atmosphere of Sevlievo 
according to EMEP / EEA air pollutant emission inventory 
guidebook - 2009 EMEP / CORINAIR B216, NFR: 1.A.4.b.i.Small 
combustion SNAP: 020202b, Residential - Combustion plants <20 
MW. The estimated PM10 emissions from the residential sector of 
the regions were summed and defined as area sources. 

The necessary data for dispersion modeling are: 

 - Average height of the emissions of area sources – average 
height of of the exhausted emissions from household heating, based 
on the usual number of floors of the buildings in the area plus 
additional value for the height of the roof and chimney. 

 - Amount of the emissions of PM10 for the defined area 
sources. 

 For the period2007-2010 we have used data for PM10 from 
area sources [7] of our previous studies.  

2.2.4. Emission data for linear sources 

For the calculation of emissions from linear sources and 
dispersion modeling in SelmaGIS the following data about the 
intensity of traffic in the urban area is necessary: 

 - average number of vehicles that pass through a certain area 
for 24 hours. 

 - the ratio of heavy to light vehicles. 

 - trafik situation including specific emission factors of transport 
according to the ratio of heavy to light vehicles. 

The data used for the modeling of emissions from transport 
(Svishtov, Sevlievo and Gorna Oryahovitsa) was taken from our 
previous studies [8]. For the modeling purposes we have used 
official data of RHI and "Road Infrastructure" Agency – Sofia and 
from counting the traffic on city streets for 2007-2010. 

3. Results of the modeling and discussion  

Modeling process includes the following sequence:  

3.1. Preparation of a digital map of the area 

Originally, a digital map of the urban area (Svishtov, Sevlievo 
and Gorna Oryahovitsa), in WGS 1984 - UTM coordinates was 
introduced by ArcMap. 

3.2. Choice of receptor network and receptor (monitoring) 
points 

This includes defining of a receptor network of multiple fixed 
points on the digital map in which SelmaGIS calculates 
concentrations of PM10. For the modeling purposes we have 
selected a network of receptor points within a perimeter according 
to the surface of the area and unit cell dimensions 100/100 meters. 
For each receptor point SelmaGIS allows visualization of the 
calculated concentrations. The selection of the number and position 
of the receptor points in the model which will determine the air 
pollution can be fixed on the map without restrictions. In this 
particular model, for the purposes of comparative evaluation we 
have also selected one monitoring point for each urban area, 
initialized as receptor (monitoring) point. Their location was chosen 
as close as possible to the respective monitoring points (PM) in 
(Svishtov, Sevlievo and Gorna Oryahovitsa). This allows 
comparison of the calculated modeling results and the measured 
concentrations of PM10 by the respective PM. 

3.3. Entering of source data  

Three types of sources have been modeled - point, area and 
linear. Input data for the relevant sources are introduced by the 
previously prepared dBase files with parameters of the emission 
streams. 

 3.4. Calculation  

Calculation of emissions of PM10 was done with the included 
modular SelmaGIS dispersion model - Austal2000 [5], an official 
model of the German Federal Environment Agency. This is a 
mathematical three dimensional Lagrangian model for assessing the 
diffusion of atmospheric pollutants from various emission sources. 
In this particular case for the three sources, AUSTAL2000 
calculated the average annual concentration of PM10 dissipation in 
the region of (Svishtov, Sevlievo and Gorna Oryahovitsa). All 
figures are for 2007 and 2010. 

3.5. Displaying the results  

Modeling results were recorded in a format (*. DBF).  Their 
visualizing was done by the module SELMA Visualisation - 
directly into ArcMap as (* .shp) files. 

 

Fig.1. The results of modeling of PM10 AAC from all sources in 
Svishtov, 2007 

 
 

 

Fig.2. The results of modeling of PM10 AAC from all sources in 
Svishtov, 2010 
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Fig. 3. The results of modeling of PM10 AAC from all sources in Gorna 
Oryahovitsa , 2007 г. 

 
 
 
Fig. 4. The results of modeling of PM10 AAC from all sources in Gorna 
Oryahovitsa , 2010 г. 

 
 
 
Fig. 5. The results of modeling of PM10 AAC from all sources in 
Sevlievo, 2007 

 
 

 

Fig. 6. The results of modeling of PM10 AAC from all sources in 
Sevlievo, 2010 

 
 

The calculated by the model average annual concentrations of 
PM10 in the corresponding receptor (monitoring) points (MP), 
coinciding with the location of the corresponding MP in Svishtov, 
Sevlievo and Gorna Oryahovitsa are shown in tables1,2,3 . 

Table 1. Share of different sources and background for the formation 
of AAC of PM10 in Svishtov, 2007-2010 

Source 

PM 10 AAC from the 
model at a receptor point 

2007 2010 
RТ1061 RТ1061 
µg/m3 µg/m3 

1 2 3 
Point sources (Industry) 0.33 0.26 
Point sources ("TPP Svilosa" AD) 0.10 0.14 
Linear Sources (Transport) 1.33 1.26 
Area sources (household sector) 13.13 16.85 
Area sources (Public Sector) 2.34 2.00 
Background contamination 23 23 
TOTAL SOURCES 40.23 43.51 

 

Table 2. Share of each source and background for the formation of 
ACC of PM10 in Gorna Oryahovitsa, 2007-2010 

Source 

PM 10 AAC from the 
model at a receptor point 

2007 2010 
RТ1061 RТ1061 
µg/m3 µg/m3 

1 2 3 
Point sources 0.03 0.02 
Linear sources 5.5 2.1 
Area sources 16.8 18.8 
Background contamination 20.34 26.1 
TOTAL SOURCES 42.67 47.02 

 

Table 3. Share of each source and background for the formation of 
ACC of PM10 in Sevlievo, 2007-2010 

Source 

PM 10 AAC from the 
model at a receptor point 

2007 2010 
RТ1061 RТ1061 
µg/m3 µg/m3 

1 2 3 
Point sources 0.40 0.55 
Linear sources 1.62 1.63 
Area sources 8.22 7.16 
Background contamination 10.34 16.10 
TOTAL SOURCES 20.58 25.44 

The background concentration of PM10 can not be calculated 
by the dispersive model. It is set with the input of the model. The 
present model has estimated the local background levels of PM10 
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typical of the respective region (Svishtov, Sevlievo and Gorna 
Oryahovitsa) for 2007-2010. The average annual background 
concentrations set in the model were determined using the method 
of objective evaluation and extrapolation of data from the 
monitoring of PM10 PM (Svishtov, Sevlievo and Gorna 
Oryahovitsa) for 2007-2010. 

The quantitative results of the modeling of the main sources of 
emissions of PM10 in ambient air of the cities of Svishtov, Sevlievo 
and Gorna Oryahovitsa for 2007-2010, confirmed that emissions of 
PM10 from domestic heating are a major contributor to pollution 
levels in the ambient air in these areas. 

3.6. Deviation of modeling results. 

A comparison between the calculated results of the dispersion 
modeling with SELMA GIS and the measured annual average 
concentrations (AAC) of PM10 in the respective monitoring point 
(MP) for the 2007-2010 was done for receptor points (RP) closest to 
the MP in Svishtov, Sevlievo and Gorna Oryahovitsa. 

 
Table 4. Deviation of the results of dispersion modeling of PM10 in 
Svishtov 

Година 
Year  
 

Изчислена СГК 
SELMA GIS  
Net SGK 
SELMA GIS 

Измерена 
СГК 
measured 
SGK 
 

Неопределеност 
в % спрямо 
СГН=40 μg/m3 

Deviation in% 
compared to  
NV=40 μg/m3 

рецепторна 
точка 
receptor 
point 

μm/m3 μm/m3 % 

2007 РТ1061 40.23 45 11.9 
2010 РТ1061 43.51 47.6 10.2 

 
Table 5. Deviation of the results of dispersion modeling of PM10 of 
PM10 in Gorna Oryahovitsa   

Година 

Изчислена СГК 
SELMA GIS 

Измерена 
СГК 

Неопределеност 
в % спрямо 
СГН=40 μg/m3 

рецепторна 
точка μm/m3 μm/m3 % 

2007 РТ862 42.67 55.67 32.5 
2010 РТ862 47.02 52.12 12.7 

 
Table 6. Deviation of the results of dispersion modeling of PM10 in 
Sevlievo 

Година 

Изчислена СГК 
SELMA GIS 

Измерена 
СГК 

Неопределеност 
в % спрямо 
СГН=40 μg/m3 

рецепторна 
точка μm/m3 μm/m3 % 

2007 РТ1525 20.58 18.1 6.2 
2010 РТ1525 25.44 18.1 18.35 

 
Pursuant to the requirements of Section I, Table. 16 Annex № 8 

of Ordinance № 12/2010 on the results of dispersion modeling of 
PM10 a legal requirement was placed for data quality for no more 

than 50% deviation from average annual values. The deviation of 
the modeling was calculated as the difference between the measured 
and calculated level of PM10 at the monitoring stations for the 
period compared to the average annual rate (AAR) - 40 μg / m3 for 
PM10. 

The deviation of modeling results for 2007 and 2010 was 
calculated based on measurements in the PM (Svishtov, Sevlievo 
and Gorna Oryahovitsa), whereat a deviation of 6.2 to 32.5% was 
achieved in relation to AAR = 40 μg / m3. 

The present modeling of the average annual concentrations of 
PM10 in Svishtov, Sevlievo and Gorna Oryahovitsa for 2007 and 
2010 meets the legal requirement for deviation and show the 
expected trend of the contribution of the sources of pollution to 
overall air pollution by PM10 in the cities of Svishtov, Sevlievo and 
Gorna Oryahovitsa. 

 

4. Conclusion 

Modeling results show that: 

- PM10 emissions from domestic heating in 2007-2010 have the 
largest contribution to air pollution in urban areas in Central North 
Bulgaria (Svishtov, Sevlievo and Gorna Oryahovitsa); 

- The contribution of point and linear sources of PM10 air 
pollution in Svishtov, Sevlievo and Gorna Oryahovitsa is below 
10%. 
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АВТОМАТИЗИРОВАННОЕ ПРОЕКТИРОВАНИЕ ЭЛЕКТРИЧЕСКИХ СИСТЕМ ТРАНСПОРТНЫХ 

СРЕДСТВ 
 

Cand. Sci. (Tech.), Senior researcher Ferenets A., Cand. Sci. (Tech.) Fedorov E. 
Institute of Automation and Electronic Engineering, Kazan National Research Technical University named after A.N.Tupolev – KAI 

(KNRTU-KAI), Russian Federation 
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Abstract: The main issues are considered in this topic: creation of optimization algorithms electrical systems; development of specialized 
software; creating an effective method aided design of electrical systems of vehicles. 
KEYWORDS: COMPUTER-AIDED DESIGN, VEHICLE, ELECTRICAL SYSTEM, OPTIMIZATION 
 
 

1. Introduction 
 

Design of electrical systems of vehicles is currently impossible 
without use of software systems of CAD, CAM, CAE, CALS 
(PLM) technologies for the following reasons. 
In today's global engineering the trend is observed for close 
interlink of the processes of design, production, marketing and 
operation of both: the vehicle as a whole and its constituent 
systems. In this context, the design of electrical systems of vehicle 
models is inseparable from the development of other systems of the 
same model, as well as from the subsequent technological 
preparation of production and operation.  
Hence, modern CAD of electrical systems of vehicles, including 
subsystem of CAD, CAE should be integrated into CAM-systems 
and fitted to the overall process of documentary support of 
lifecycle, when using CALS-technologies. CALS-systems allow us 
to carry out information integration of all stages of lifecycle of 
products and systems in designing, manufacturing and operating the 
complex equipment [1], and modern computational tools allow one 
to implement support for such systems. 
On the other hand, the requirements of the integration of project 
process in CALS–system, when developing the CAD of vehicle 
electric systems is complicated by such factors as: 
- intensive innovation of models, modifications and complete sets of 
vehicles; 
- increase of requirements to the quality of project documents and 
their compliance with international standards and regulations; 
- development and complication of the structures of electrical 
systems, complication of optimal decision making, increase of the 
range and complexity of drawings; 
Against the background of these requirements the problems 
associated with the human factor are contrasting: 
- the need for a large number of engineering calculations; 
-  increase in the routine work of an engineer lowering the prestige 
of his work. 
As a result, intensification of design work is observed in situation of 
acute shortage of qualified personnel. This leads to difficulties in 
implementation of projects by traditional methods in due time and 
increase of errors in documentation 

 
2. Means for resolving the problem, discussion 

and results 
 

To implement CAD of electric systems of vehicles, the efficient 
software tool is required that allows one with minimum of human 
resources and reduction of development time to ensure the required 
quality and competitiveness of the project. In addition, the CAD of 
electrical systems is a multiuser system. This means that for 
organization of the design process implemented in parallel by 
several designers the clear information interaction between them 
and the problems solved is needed.  

The task of organizing the design process in a multi-user system 
requires optimal structuring the process and determining the logical 
connections between the design problems to be solved. The 
sequence of computer-aided design, which reflects the structure of 
design process of electric systems of vehicles, taking into account 
the factors mentioned is presented below. 
The sequence is based on the analysis of the process of designing 
the electrical systems of vehicles of different types, generalizing the 
experience of scientific researches [2 - 5], and practice of 
developing the software systems in adjacent industries [6]. 
The sequence includes the following modules: 
1. Formation of the model of wiring space (MWS) of the vehicle. 
Description of areas of possible deployment of elements of 
electrical equipment taking into account the structure of the vehicle. 
2. Schematic electrical diagram. It contributes information on 
electrical connections of equipment components to the project. 
3. Optimal placement of electrical components taking into account 
the restrictions set by MWS of the vehicle. 
4. Formation of the matrix of shortest distances between the 
elements of electrical equipment taking into account the restrictions 
set by MWS of the vehicle. 
5. Formation of the model of bundle wiring (MBW). The description 
of possible options of bundle wiring taking into account the 
restrictions set by MBW of the vehicle.  
6. Wiring of electrical circuits. It solves the problem of optimal 
wiring the electrical circuit on the basis of minimum weight of 
wiring taking into account the limitations on the number of 
connected wires to the terminals of the elements. 
7.Development of wiring diagrams. It includes the development of 
sketch of wiring diagrams, making changes as a result of wiring. 
8. Distribution of wires to the terminals of elements is carried out 
taking into account the restrictions, for example, division of power 
circuits with control circuits. 
9. Issue of wiring diagrams and reports. 
10. Formation of bundle design. It is carried out according to MBW 
of bundles wiring taking into account the technological constraints 
on formation of the bundle. 
11. Determination of lengths of bundle sections according to the 
formed bundle design. 
12. Specified calculation of lengths of wires taking into account the 
technological allowances. 
13.Formation of calculation modes of operation of line. Formation 
of the line design scheme taking into account the multi-mode 
operation of consumers (the program is developed in KNRTU-
KAI). 
14. Formation of design scheme of feeders for determining the wire 
sections and analysis of operation mode of feeder (the program is 
developed in KNRTU-KAI). 
15. Calculation of protection devices (the program is developed in 
KNRTU-KAI). 
16. Calculation of feeder wire sections (the program is developed in 
KNRTU-KAI). 
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17. Calculation of wire sections of the line. Requirements and 
optimality criterion must comply with the calculation of cross 
sections of feeder wires (the program is developed in KNRTU-
KAI). 
18.Analysis of operation modes of feeder design scheme is carried 
out in order to check the ensuring the required quality of power 
supply to consumers and system protection during short circuits. 
19. Analysis of the line operation modes is carried out to check the 
ensuring the required quality of power supply to consumers taking 
into account their multimode operation (program is developed in 
KNRTU-KAI). 
20. Calculation and selection of structural elements of the bundle. 
21. Issue of bundle drawing, tables of wires. 
22. Preparation of samples from the output tables of the bundle. 
23. Issue of bundle specification. The list of items included in the 
design of the bundle. 
24.Constructing the bundle mounting. Constructing the elements of 
bundle fixing to the vehicle structure. 
25. Issue of bundle mounting drawing. 
26. Issue of bundle mounting specification. 
In the sequence, are identified two blocks: invariant and adjustable. 
Invariant block is only slightly dependent on the characteristics of 
the design of different vehicles, and includes: 
- a series of operations for designing the circuit of electrical 
connections and forming the bundle structure  (operations 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12, 13); 
- calculation programs for identifying the cross sections, choice of 
protective devices and analysis of operation modes (operations 14, 
15, 16, 17, 18, 19, 20). 
The invariant block can be considered as a basic part, which is 
performed with the help of such CADs, as E3.Series and Siemens 
NX and requires relatively little adjusting to the project process of 
specific vehicle. 
The adjustable block includes calculation and selection of structural 
elements of the bundle, issue of bundle drawing, tables of wires, 
bundle specifications, designing the bundle mounting,  issue of 
mounting drawing and specification, different sampling from the 
output tables. The adjustable block much takes into account the 
specificity of particular vehicle and requires separate researches and 
developments. 
Analysis of this sequence reveals that operations 1, 2, 3, 7, 9, 10, 
11, 22, 25, 26 may be implemented with existing CAD systems. 
Operations 4, 5, 6, 8, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 23, 24, 
27 are developed and adapted to the design process by the 
Department of Electrical equipment of KNRTU-KAI. 
Integration of developed CAD of electrical equipment of vehicles 
with programs of other stages of the life cycle is supposed to be 
carried out with the help of CALS software, which provides 
engineering data management and their synchronization, allows the 
use of common models in the digital environment of the lifecycle. 
Fig. 1 is a block diagram of CAD of electrical systems of truck with 
existing and created special software. 
The structural parts of CAD of electrical systems, reflecting the 
design problems are the following modules: layout of design nodes, 
placing the structural nodes, wiring the electrical circuits of 
interblock mounting, forming the bundles of interblock mounting, 
tracing the bundles, analysis of operation modes of electric energy 
distribution system, choice of protective devices, optimization of 
wire cross sections, electrical energy balance calculation. 
By present time it is developed the specialized software in the form 
of the following modules: "Analysis of operation modes of power 
supply system" module, "Selecting protective devices" module , 
"Optimization of wire cross sections" module. 
The module "Analysis of operation modes of power supply system" 
provides analysis of operation modes of electric network of the 
vehicle in order to check the ensuring the required quality of power 
supply to consumers and network protection against short circuits. 
During the analysis the following problems are solved: 
- calculation of the currents in the areas of supply circuits and 
voltages at the nodes of calculation scheme for normal modes 

taking into account the changes in current distribution as to the 
modes of consumption; 
- determination of the maximum currents of sections and minimum 
voltages of circuit nodes; 
- calculation of current short circuit; 
- checking the wiring as to permissible current and ability to be 
protected by fuse; 
- checking as to permissible rated voltage at the terminals of 
consumers; 
- checking the selection of fuse as to rated current; 
- determination of maximum off time for the short circuit by fuse 
with the minimum short-circuit current; 
- checking the selection of fuse in overload in case of electric motor 
loads; 
- checking the sensitivity of the fuse. 
Module "Selecting the protective devices" provides: 
calculation of the rated current of protective device at maximum 
workforce of load current of consumers taking into account: the 
nature of the current load of consumers; multi-mode of feeders 
operation; typical modes of operation of consumers; 
- calculation of the maximum response time of protection device. 
- checking the protection devices as to conditions of:  
correspondence of rated current to the load current for all calculated 
modes of feeder operation; ability of wires of all sections of the 
feeder to be protected during normal and emergency modes; 
sensitivity of protection device. 
The module of "Optimization of wire cross sections" ensures the 
calculation of the currents of sites of design scheme for all 
calculated modes; calculation of minimum wire sections of sites as 
to the allowable current, protection devices and conditions of 
mechanical strength; optimization of wire cross sections according 
to the selected criterion and restrictions as to allowable values of 
voltage, taking into account multi-mode operation. 
CAD modules of electrical systems are identified as to some 
attributes of the parts of CAD, providing the obtaining of complete 
design solutions and appropriate design documents. The structural 
integration of the modules in the system is carried out by means of 
special relations between the components of CAD. 

 
3. Conclusion 

 
The introduction of this technique and developed software in 
industrial operation allowed us to significantly reduce 
computational time and laboriousness in designing the electrical 
systems, to increase the reliability of calculations because of 
elimination of mechanical errors of non-automated designing, 
operatively make changes to documents, to release the engineers 
from routine work. In addition, the use of design and project 
information as input data for the programs to obtain product 
documentation for manufacturing and control of components of 
electric systems of vehicles also helps to speed up the development 
of product by manufacturer. Thus, the certain economic benefits are 
achieved, which are provided by reducing the design time by 8-
12%. 
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Abstract: Near Field Communication (NFC) technology is the future of m-Commerce, which has found possible application in 
contactless cards and mobile phone devices. NFC is technologically integrated with Data Ware House infrastructure and Cloud computing 
system which are incorporated in the e-Smart Business system. As a product of the implementation of NFC technology in m-Commerce 
business models there is a need of expansion B2B2C business model towards integration of services with the aim of creating new products, 
markets and consumer needs tuning. This paper presents a business model called e-Smart-Business as a system integration concept of m-
Commerce through direct marketing and market research with the Data Ware House and Cloud computing systems. 
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1. Introduction 
NFC (Near Field Communication) is a very short-range radio 

communication that enables contactless cards and NFC mobile 
devices to communicate, exchange data and share resources, and it 
represents the technology of future which will change and introduce 
a completely new way of communication, business, trade, 
marketing, arts, health, social care, security and the like. NFC 
technology is the future of m-Commerce, which will, by using other 
contactless communication systems (RIFD, Bluetooth and IrDA), 
constitute a technical-technological and service integrator with the 
infrastructure of Data Ware House and Cloud computing system 
and will be consolidated in e-Smart Business systems. 

2. Definition of NFC 
NFC is a contactless short-range radio communication that 

works at frequency of 13.56 MHz, with the possibility to transfer 
data up to 424 kbit/s between two devices. NFC technology is based 
on RFID technology (Radio Frequency Identification) and uses the 
same principles of functioning. NFC standard was established in the 
2003 year and is defined in the standard ISO/IEC 18092, and it is 
compatible with ISO/IEC 14443 and ISO/IEC 15693 and with Sony 
FeliCa contactless smart cards (Ortiz, 2008). In that way, NFC can 
use the existing RFID infrastructure eliminating the need for 
specific technical conditions of its own infrastructure. A key 
advantage of NFC devices is that they can read RFID transponders 
and emulate them. 

One device, the initiator, uses magnetic induction to create radio 
waves in the own field scope in order to detect and access to 
another device and to make wireless transfer of certain amounts of 
data over relatively short distance greater than 4 inches or 10 cm 
(Madlmayr et al., 2008). NFC communication flow is activated 
when two NFC compatible devices are brought into listed 
immediate nearness or when realize their touch. The offering one 
device to another, or their touch on the designated space for touch, 
opens the set-up protocol connection and the connection is 
accomplished by the exchange of all scheduled data in the field of 
exchange, which should not be beyond the limit of 10 cm. 

Comparation of the NFC with other contactless communication 
technologies discovers the advantages and disadvantages of this 
new technology and there is the possibility of application as well as 
the future. The following table shows the comparison of NFC with 
RFID (Radio Frequency Identification Tag), IrDA (Infrared Data 
Association Protocol) and Bluetooth. 

Table 1: Comparing NFC to other close range communication technologies 
(Source: Ortiz, 2008) 

 NFC RFID IrDa Bluetooth 

Set-up time <0,1 ms <0,1 ms ~0,5 s ~6 s 
Range Up to 10 cm Up to 3 m Up to 5 m Up to 30 m 

The main advantage of NFC over the other contactless 
technologies is in the two-way traffic that establishes between two 

devices. On that way they can automatically send and receive 
information, as opposed to Bluetooth technology which is necessary 
pairing to achieve communication or RFID and IrDA which 
representing one-way communication, only sending certain 
information. 

On the other hand, this pairing that requires Bluetooth NFC 
done automatically if the two devices come to the field response 
(less than 10 cm). This very small distance between two devices set 
the NFC protocol as the safest protocol for the exchange and 
sharing of data between devices. 

However, NFC has the disadvantage, particularly in comparison 
with other contactless/wireless protocols such as Bluetooth or Wi-
Fi. NFC is slow protocol, with a maximum data transfer speed of 
424 Kbps or less than a quarter compared with Bluetooth. 

This protocol can be used only for transmission of small 
amounts of data. But, on the other hand, the NFC has several key 
advantages over Bluetooth, because it consumes very little power, 
only 15mA, which is almost nothing for today's jumbo smart phone 
batteries (Ortiz, 2008). 

3. Possibilities of using NFC applications 
NFC technology offers new possibilities in creating new 

services, especially related with issue of contactless smart cards, but 
most preference gives to mobile applications coupled with m-
business. Precisely this advantage within the NFC Forum has been 
recognized by all major telecommunication’s company and mobile 
telecommunications operators. The fact that the average cost of 
NFC is about 2.5 USD, with such a great application usage 
possibilities in many areas of human activity and electronic 
business, encourage the all mobile phone hardware manufacturers 
to incorporate these components by default as technologically 
standard of the future in mobile phone devices (Au and Kauffman, 
2008). 

There are two directions of massive use NFC technology: smart 
cards and mobile phone devices. Smart cards present a solution that 
will launch a massive use of this technology, but because of 
technological limitations very quickly will be replaced with mobile 
devices that will become the primary standard for personal 
communication, identification and business interaction in the sphere 
of the total e-business. 

NFC Forum as a global association of companies that promote 
and carry out the implementation of NFC technology cites three key 
usage of NFC concept: information sharing, pairing devices and 
transactional exchange data. 

Information sharing is used similarly to reading QR codes, for 
example reading tag with these products in order to obtain basic 
information about the product. One active NFC device such as a 
smart mobile phone may be interacting with other NFC device or 
passive NFC tag. NFC technology allows to mobile phones with 
NFC chip that they can read labels (tags) on products and objects 
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(Rukzio et al., 2004). Behind these labels are passive NFC chips 
and thanks to that phones can share information on mutual interests 
and the messages they want to convey. 

Pairing devices will represent in the future one of the main 
advantages and standard which imposes NFC technology. The 
advantage is in two-way traffic of NFC protocol that enables fast 
(instantaneous), easily and securely connection and pairing with 
other devices. 

Transactional data exchange - NFC will be used as the basic 
communication protocol of transactional data exchange for smart 
cards and NFC mobile phones in all types of card payment system, 
for buying tickets in public transport, for new ID cards for access to 
public places, for ID cards for access high security systems and 
spaces and so on (Ondrus and Pigneur, 2007). 

4. The development of e-Smart Business 
e-Smart Business (e-SB) in his retail part of the business is 

based precisely on NFC technology and with the information 
obtained through this mode of communication e-SB actively creates 
market, making it much more efficient and economical. 

NFC technology opens up new channels for distribution of 
services, but on the other side, compatibility with other types of 
contactless technology allows that within m-commerce are also 
defined business models as: m-Merchandising, m-Marketing, m-
Loyalty, m-Payment, m-Banking, m-Transport, m-Post, m-Health 
programs, m-Government, m-Tickets, m-Key, m-Entertainment (see 
Fig. 1). All of these business models are coupled with the Data 
Ware House concept of accepting and processing data, as well as 
Cloud computing systems, and thanks to NFC enable creation, 
monitoring and improvement of products and services offered to the 
client, as well as developing market which until now may not even 
exist (Hassinen, 2008). 

Information that user exchange between NFC mobile phones 
and NFC tag or other NFC devices may be subject to processing 
within the Data Ware House. This aspect is important because in 
this moment we can use the data of the wishes, needs, demands of a 
certain client coupled with his personal data. NFC technology 
provides two-way communication that allows such a flows so that it 
becomes powerful tool for market research. Using these data in 
advanced Data Ware House concept of data processing allows 
perceiving their needs, desires and habits, which gives the 
possibility to personalize services, modelling of customer needs, 
improving and expansion of market, modification and improvement 
of products and services and so on. 

 
Fig. 1 Platform of e-Smart Business 

In architecture of Cloud computing, which was leaning against 
the m-Commerce system recognizes three models: 

• SaaS (Cloud Software as a Service) - a system that provides to 
use the application of service provider running on a "cloud" 
infrastructure and where applications can be accessed from the 

client mobile devices through a Web browser user interface. 
Characteristics of SaaS approach are: enabled access and 
management of commercially available software over the network 
and management of the activities carried out from central location 
instead of the location of each provider (service providers) 
respectively, which basically allows users to access to applications 
from distance through commercial Web sites; 

• PaaS (Cloud Platform as a Service) - a system that provides 
the user to place on "cloud" infrastructure application which he 
himself created or requested application that was developed using 
programming languages and tools supported by the service 
provider. PaaS system contains so called add-on development tools 
that are used for customization of existing SaaS applications; 

• IaaS (Infrastructure Cloud as a Service) - a system that 
provides the user to manage the processing, storage, network and 
other basic computing resources where user can set up and run 
arbitrary software, including operating systems and applications. 

Center of e-Smart Business is NFC technology coupled via m-
Commerce services with Data Ware House and Cloud computing 
systems. e-Smart Business model will enable an entirely new 
platform in serving clients that will be upgraded by the day with the 
aim to set new quality in service provision and that will lead to 
greater efficiency, productivity and profitability in the business 
environment (Cloninger et al., 2011). 

There are three recognized phases in the development of the 
NFC technology which will be a driving force of the e-Smart 
Business development (NFC Forum): 

1. Contactless card phase – this phase is the most common 
phase at the moment, and this phase will enable numerous 
advantages of this new technology to be assessed, such as: 

• Fast and efficient payment at the point of sale; 
• Speeding up the selling process, thus eliminating queues and 
standstills while paying for goods and services; 
• Decreasing number of deceitful actions and better protection 
of misuses in payments; 
• Decreasing the operating and handling costs; 
• Eliminating the need to pay in cash. 

2. The phase of adding the NFC chip in mobile phones – as 
hardware/software addition which is optionally built in phones. 
After the pilot projects, this phase has already come to practice and 
it represents the adaptability phase of both service users and total 
market of service providers. The benefits of this phase are: 

• Personalized offer and loyalty program development; 
• Better client targeting; 
• Better and more efficient promotion of goods and services; 
• Decreasing costs of card management; 
• Market expansion and new markets penetration. 

3. Integration phase of the NFC chip into mobile phones – as 
the last phase of the development of the NFC technology which will 
definitely change the entire approach in m-commerce and open a 
way to rendering integral services within the e-Smart Business. 
Future benefits of this last phase in the NFC technology 
development will be as follows (Dahlberg, 2008): 

• Setting up a virtual m-wallet;  
• Personalization of the offer at a selling place; 
• Direct marketing at a the point of sale; 
• Cross selling at the point of sale; 
• Dramatic decrease in misuses and deceitful actions in the 
process of paying for goods and services; 
• Creation of new profit centers; 
• Creation of new forms of income for mobile operators. 

The greatest danger of introducing NFC technology lies in the 
personal acceptance of this new service by the client. The 
adjustment phase must be well promoted in order to break the 
client’s fear of abuse and encroaching upon the privacy by using 
data about customers and their reactions, purchases and habits. This 
last problem (invasion of privacy of the client) can be the biggest 
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obstacle to the rapid implementation of new services in the NFC 
platform. Privacy and safety are central issues in user’s perception 
in the case of using the service. Beside promotion, also user’s 
education will be necessary to ensure full integration of customers 
in e-Smart Business models. 

Adoption of NFC as a future of e-Smart Business is still not 
widespread despite its potential. It is necessary to conduct research 
that provides useful theoretical and managerial implications for 
mobile phone manufacturers, merchants, software developers, 
governments and private practitioners when devising their 
marketing campaigns and business strategies. For this purpose may 
be used Technology Acceptance Model (TAM). Through this model 
focus can be on NFC adoption as another form of mobile payment 
(Tan et al., 2014). Originally, Technology Acceptance Model has 
variable Perceived Usefulness and Perceived Ease of Use, but in 
this research framework, were added variable Social Influence, 
Personal Innovativeness in Information Technology, Perceived 
Risk, Perceived Financial Cost. Fig. 2 shows the research 
framework which guided the development of conjectured 
relationships between the variables. 

 
Fig. 2 Research framework 

The findings suggest that Perceived Usefulness is a significant 
construct in predicting the intention to adopt NFC. If consumers 
find the innovation useful, they are more likely to adopt the services 
offered. This is particularly in view of the advantages brought about 
by NFC mobile payment over cash or credit card payment in terms 
of quicker and more convenient transactions. Likewise, Perceived 
Ease of Use is a significant factor in predicting NFC acceptance. 
Social Influence is another influential factor predicting NFC 
acceptance. Young consumers are usually vulnerable to 
environmental influences. Since the majority of respondents are 
young, their decisions whether to adopt certain technologies are 
likely to be influenced by the roles and opinions of their family 
members, friends, colleagues, superiors, and classmates (Lopez-
Nicolas et al., 2008).  

Perceived Risk is a non-significant construct in this research. 
The reason for this may lie in respondents’ age. Majority of them 
are young users and therefore they may not understand the financial 
risks involved when adopting NFC. Also, their willingness to try a 
new technology such as NFC may have helped them to overcome 
the risks associated with it. Similarly, Perceived Financial Cost was 
found to be a non-significant factor.  

5. Conclusion 
NFC technology is the future of m-commerce, created as an 

extension of RFID technology, using the same principles of 
functioning. Its compatibility with other contactless communication 
technologies gives her huge opportunities, especially if it is taken 
into account that for NFC is not necessary to provide special 
communication infrastructure. Development opportunities and 
future application NFC technology will find in mobile handsets as a 
communication infrastructure that is expanding and which gives a 

natural symbiosis between peripheral communication with clients 
and e-Business. Advantages and opportunities of NFC are quickly 
recognized by manufacturers of hardware and by mobile 
telecommunications operators. They are launched NFC Forum as 
independent association of companies that wish to develop and 
standardize NFC technology with purpose of its applicability in 
many areas of business. Exactly they are launched a series of pilot 
projects that were successful and which already grown into serious 
e-business projects in many areas of human activity as trade, 
banking, transport, e-government, postal traffic, 
telecommunications, health, socially care, entertainment, 
hospitality, marketing and market research, etc. The 2011th was 
declared as the year of full commercialization of NFC technology in 
its applicative and exploitive sense in all areas of business. An 
important place in the development of a new integrated m-
commerce takes marketing and market research with the use of 
powerful tools Data Ware House and Cloud computing, all of which 
grew in e-Smart Business. On the other hand, the concept of NFC 
on the client periphery with usage of other contactless 
communication system (RFID, Bluetooth and IrDA) presents a 
technical-technological integrator with an infrastructure Data Ware 
House and Cloud computing in the concept of e-Smart Business. 
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Abstract: A retrospective review of a new technology, named SCP-RPSC, is given in this report. It is particular useful as the  radio front 
end of the microwave communication systems with terrestrial and satellite positioning. SCP (Spatial Correlation Processing) technology 
includes additional pilot signal transmitted in the band of information signals and available in the receiver by one of the known methods of 
radio access. The receiver terminal is equipped with random phased antenna array. The random phase spread information and pilot signals 
correlate in a correlator. Its output signal at baseband is the recovered information signal.  The application of SCP principle in transmit 
mode was named RPSC (Random Phase Spread Coding). The transmitted by the random phased antenna array signals have specific phase 
spread. It can be considered as random spatial coding. The advantages of the SCP-RPSC approach over classic microwave communication 
systems, based on phased antenna arrays, are shown. A list of possible communication  applications as Satellite Digital Video Broadcasting ,   
Inter Satellite Links, Feeder Lines, High Altitude Platform Systems, WIMAX, Aeronautical and Global Navigation Satellite Systems (GNSS) 
is given too. 
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1.Introduction 
The terrestrial and satellite based broadband communication 

systems are extremely important for the next generation global 
information society. They need new and wider frequency bands, 
available at higher frequencies – up to millimeter wave frequency 
bands. One of the biggest technical problems of these systems is 
the way of access to the satellite or terrestrial base stations, 
particular the used antenna systems. The need to change the 
polarization, to track Low Earth Orbiting Satellites (LEO,s) or 
High Altitude Platforms (HAPS), to select one of several Geo 
Stationary Orbit Satellites (GEO,s) positions, as well as the 
requirements for two way broadband mobile communications at 
low price and mass market production leads to unsolved by 
traditional antennas problems. Their solution needs entirely new 
approach, which is subject of the last decade  research activity of 
the author. The name of the new technical proposal is Spatial 
Correlation Processing – Random Phase Spread Coding (SCP-
RPSC). A retrospective review of the research step by step 
approach, used by the author, is given in the report with the main 
bibliography for details. 

2.SCP Technology 

 
The main objectives of the SCP technology [1,2] are:  
• To receive one or more radio signals coming from one or 
several spatially distributed signal sources  (satellites, base 
stations), insuring high gain of the antenna systems and using 
fixed or mobile receiving terminals, equipped with SCP signal 
processing equipment;  
• To ensure spatial selectivity high enough to cancel the 
same frequency channel interference, coming from different 
space directions, using simple one channel receiver. 
The objectives stated above are achieved by a patented 

method for radio communications, which proposes application of 
additional pilot signal transmitted in the band of information 
signals and available in the receiver by Code Division Multiple 
Access (CDMA). SCP system architecture is shown in Fig.1. The 
SCP receiver terminal is equipped with antenna array with random 
phase aperture excitation. The phase shifts among the signals, 
coming from the antenna elements, are random at the antenna 
output, regardless of the information source direction. These 
random phase spread signals correlate with the recovered pilot 
signal, phase spread in the same manner, in a signal recovery unit. 
The result of the correlation process between pilot and information 
signals is the recovered information signal at base band.  

The described SCP approach solves simultaneous the 
problems of antenna beam steering and closed-loop satellite 
tracking. SCP system could be defined as virtually electronic 
steering and multiple satellites closed-loop tracking system. One of 
its main parts is the random phased antenna. In principle all kind of 
antenna arrays could be used, but for Ku and Ka bands particular 
suitable is the Random Phased Radial Line Slot Antenna (RP-
RLSA). Until now it is used as phased array for fixed satellite 
reception.  

The main features of the SCP approach are: 
• Simple, cheap and flat passive antenna, suitable for mass 

production; 
• One channel convenient microwave receiver with simple 
signal processing; 
• Omni directional for the cooperative signal source, but 
with high figure of merit G/T; 
• Selection of the different signal sources and polarizations 
by PN-codes; 
• Applications in existing Digital Video Broadcasting – 
Satellite (DVB-S) systems with minor modifications of the 
ground transmitters, compatible with the existing satellite 
transponders; 
• Multi-beam and soft handover features. 
 

C Matrix C2C1 Cm Cc,Cp CM
Satellite 1 Satellite 2 Satellite m Satellite C Satellite M

S Matrix N element RLSA
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lc,lp,l

D/C

SAT.TUNER
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Pilot Recovery

Cooperative Sat.Code

Signal Recovery

BBO

lc,lP

SCP-CDMA Ku-Band System

  
Fig.1  SCP system architecture 
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3.RPSC Technology 
 

Reliability and availability of real time communications are 
imperative in the context of wireless communication services. A 
popular technique used in this scenario is Spread Spectrum (SS). 
Since the SS approach is not useful in combating white noise, it 
must have other applications that make it worth considering. These 
applications include: 

• Anti-jam capabilities – particularly for narrow band 
jamming; 

• Interference rejection; 
• Multiple access capability; 
• Multipath protection; 
• Covert operation or low probability of intercept; 
• Secure communications; 
• Improved spectral efficiency – in special circumstances; 
• Ranging. 

The recent developments of the broadband terrestrial and 
satellite wireless communication systems lead to new problems in 
the field of the conventional SS systems. Because the values of the 
used Processing Gains are in order of 20 or 30 db, the SS signal 
bandwidth grows to unpractical high values for adequate signal 
processing and transmission. The most sensitive to the super wide 
bandwidth of the SS broadband signals are the antenna beam 
forming networks.  

A new principle to create broadband SS systems was proposed 
by the author [3]. It is based on transmission of broadband 
microwave signals in the open space by means of multi element 
random phased antenna arrays. The sum of the different elements 
signals in a given point in the space has Gaussian probability 
distribution and noise like properties. The sums in the different 
directions of the space are not correlated each other. In such way 
the proposed principle solves simultaneous the problems of 
spreading and beam forming of the future sophisticated microwave 
terrestrial and satellite communication systems with fixed and 
mobile applications. 

A block scheme of a RPSC system is shown in Fig.2, where: 

(1) is a transmitter of SCP signals (modulated information 
signals and CDMA-spread pilot signals; 

(2) is a RP-RLSA; 

(3) is a conventional microwave receiving antenna; 

(4) is a conventional one channel receiver with low 
Intermediate Frequency (IF) output; 

(5) is a SCP Pilot recovery unit; 

(6) is a SCP Signal recovery unit (correlator);  

(7) is a baseband signal processing equipment.   

The main features of the RPSC technology, when it is used in 
the up-links of the satellite communication links, additionally 
include: 

• Omnidirectional for the cooperative satellite, but with 
high equivalent (at base-band) Equivalent Isotropic 
Radiated Power (EIRP); 

• Selection of different terminals and polarizations by 
Pseudo-Noise (PN) codes; 

• Soft handover and virtual multi-beam features; 
• The coherent demodulation by means of pilots (specific 

property of SCP technology) cancels the Doppler shifts 
and phase jitter, introduced by local oscillators in the 
satellite system;  

• Compatible with the existing bent-pipe satellite 
transponders; 

• Providing of full duplex radiocommunication system 
with one simple and cheap transmit-receive antenna, 
using combined SCP-RPSC technology in both 
directions, particularly in Ku band;  

• The transmitted random poly-phase spread signals will 
not cause significant harmful interference to the 
conventional satellites, using the same frequency 
channels. The interference will be similar to that, caused 
by the sidelobes of an antenna array with random 
elements distribution and main lobe, phased in another 
direction; 

• RPSC up-links are protected against jamming, coming 
even from points, close situated to the earth stations – in 
the main lobe of the satellite up-link receiving antenna. 
The receiving RPSC circuits will not recovery the 
jamming signals because of the lack of correlation 
between the jamming signals, transmitted by 
conventional high gain antennas, and the recovered 
random phase spread pilot signals. Situation is similar to 
the case of CDMA protection against narrowband 
interference;   

• The transmitted random poly-phase spread signals are 
uniformly radiated in the space above the antenna. 
Several satellites, equipped with the same SCP receivers 
and providing space diversity, receive them. The 
knowledge of the receiving satellite positions for the 
transmitting equipment is not necessary (as it is  for a 
conventional satellite earth station); 

• The transmitted random poly-phase spread signals have 
low power spectral density and low detection probability 
for the conventional microwave receivers, leading to low 
active jamming probability; 

• The SCP-RPSC approach could be a breakthrough 
technology, leading to unpredictable increase of the 
frequency reuse factor in satellite and terrestrial 
wideband networks. Close situated subscriber terminals 
could communicate with base stations, using the same 
frequency channel without interference. The isolation 
between the terminals will be provided by their specific 
random phase spread coding.      

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2  RPSC system architecture 
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4.SCP-RPSC Applications 
 

4.1. Digital Video Broadcasting - Satellite (DVB-S) 
A proposal for SCP-CDMA GEO satellite system, 

suitable for DVB-S communications in Ku-band for fixed and 
mobile terminals, is given in [2]. The proposed algorithm for 
system parameters evaluation, based on link budget calculations, 
gives good results – Figure of merit (G/T) better than 14 dBi/K for 
60 cm antenna diameter at very low prize (in order of several $). 
Similar proposal for quasi GEO satellites at elliptical polar orbits is 
given too. 

GSO systems provide fixed and mobile communications, as 
well as TV broadcasting services since 1964. Nevertheless, they 
still suffer some problems,  as follows: 

• The amount of the already existing systems limits the 
frequency and orbital resources in the most desired 
frequency bands, for example the Ku band. 

• The low elevation angles in the high latitude regions 
hampers the reception in urban areas and rough terrains. 
Mobile reception using horizontal antennas mounted 
over mobile platforms is just impossible. 

An appropriate decision of the above mentioned problems is 
the use of satellite systems on high elliptic eccentricity polar orbits, 
known as Quasi-GEO [2]. The active zone of the satellites here is 
in the apogee, when the relative satellite -Earth velocity is low.  

 The application of the SCP technology in GSO systems requires 
specific approaches. In the case of fixed reception the antenna 
should be mounted vertically on the wall, looking to the chosen 
GSO satellite. In the case of mobile reception it should be mounted 
horizontally on the roof of the vehicle. In Quasi-GEO the antenna 
should be in horizontal position in both mobile and fixed reception. 
Soft handovers among different Quasi-Geo satellites is possible 
due to the ability of SCP technology for multi-beam reception, 
using several correlators, each one for the different satellite. The 
result is: 

• Ability for soft hand-off between the satellites using 
single antenna aperture; 

• Space diversity, which allows reception of the same 
information from several satellites, leading to increased 
reliability in urban and rough terrain areas; 

• The collective systems in trains, aircrafts or ships allow 
the receiving of different TV programs from several 
satellites by means of a single antenna system; 

• Another advantage of SCP technology in Quasi-GEO is 
the lack of Doppler shift problems; being the same for 
the pilot signal and the information one in the process of 
correlation it is compensated. 

 

4.2. Space Links 

4.2.1.Inter Satellite Links (ISL) 
 

The space segment of the future global satellite systems for 
broadband communications can be designed in number of ways, 
depending on the orbital type of the satellites and the payload 
technology available on board. The use of different satellite orbits 
to provide complementary services, each optimized for the 
particular orbital type, is certainly feasible. Satellites can be used 
to connect with each other and the ground networks, through the 
use of Feeder Lines, Inter-Satellite Links  or Inter-Orbit Links, 
which when combined with on-board routing facilities, can be used 

to form a network in the sky. The unique properties of the SCP-
RPSC approach will give a new support for the future broadband 
LEO,s communication systems in the service feeder lines, inter-
satellite and inter-orbit lines domain.  The possible applications of 
the SCP-RPSC technology in these microwave lines of several 
different types  LEO,s constellations are considered in the report 
[4]. A review of the possible advantages, supported by a critical 
analysis, is given too.     

 

4.2.2.Feeder Lines for cellular backhaul and IP 
backbone trunking 
 

There is a great interest in the satellite society for new 
networks on MEO satellites, using steerable Ka-band beams to 
provide lower-cost, fiber-grade access for cellular backhaul and IP 
backbone trunking in traditionally underserved areas. The main 
network parameters and architectures are presented in the report 
[5]. Information concerning the satellite constellation and orbit, 
satellite and ground antenna beam steering, as well as inter-satellite 
handover procedures are given too.  

A possible solution of the above mentioned system is based on 
Electronically Steerable Antennas (ESA). Their benefits include: 

• An ESA can direct a narrow beam over a sector angle and 
give coverage like a sector antenna; 

• The narrow beam corresponds to a high antenna gain and 
thus reduces power and amplification requirements on 
radios; 

• The narrow beam-width reduces multipath propagation 
problems; 

• Complex and dynamically re-configurable radio networks 
can be created exhibiting high spectrum efficiency; 

• If the steering of antennas is coordinated it potentially 
enables the reuse of frequencies and timeslots in different 
directions; 

• The used until now "multiple spot beams" approach is not 
effective when there is instability or motion of the 
communication platform. It is due to the necessity of 
permanent handover among the different spot beams. The 
ESA approach is good solution in such cases. 

The drawbacks of the ESA include: 

• There is an increase of complexity in the antenna; 
• There will be losses in the RF-electronics in the antenna 

which lowers the antenna efficiency; 
• The use of non-linear devices in the antenna will demand 

that spectrum issues be addressed; 
• The existing ESA designs have only one steering beam. In 

the case of mobile or unstable platforms we need several 
hundred independently steering and isolated each other 
antenna beams. 

A new solution for these MEO satellite systems, cancelling the 
above mentioned ESA drawbacks, could be SCP-RPSC approach 
[5]. 

4.3. High Altitude Platform Systems 
A new radio technology to realize the last mile access to the 

broadband fixed networks, named High Altitude Platform Systems 
(HAPS), is discussed in report [6]. Such a mode of service delivery 
offers advantages as coverage can be rapidly set-up over any 
location and can be just as easily removed or relocated;  high 
elevation angles can be achieved to the mobile users; efficient 
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frequency re-use schemes can be employed to maximize network 
capacity; the round-trip delay is relatively short; the cost is 
considerably less than terrestrial or satellite counterparts. The goal 
of the report is to discuss the possibilities and the advantages of the 
implementation of SCP-RPSC technology in HAPS feeder lines, as 
well as in the fixed and mobile terminal communications.  

4.4.WIMAX 
 

The goal of the reports [7,8]  is to discuss the possibilities and 
the advantages of the implementation of SCP-RPSC technology in 
Wi-MAX communications. The implementation of this technology 
in subscriber terminals is discussed first. After that the possible 
base station applications are treated too. The applications of SCP-
RPSC technology simultaneous at base station and terminal 
stations are feasible, but they will need additional research and 
investigations.   

4.5. Aeronautical Mobile Satellite Service (AMSS)  
Recent evolutions in the context of AMSS have changed the 

landscape and the role of the different systems that allow aircrafts 
to maintain a link with the ground while in flight. The increase in 
capacity needed to support the growth of worldwide air traffic and 
the need for increased communication safety are driving a 
transition from voice-centric procedures aided by slow data link 
connections to data-centric control applications executed on higher 
capacity communication systems. These future data links have to 
fulfill very stringent performance requirements. Indeed, the nature 
of the information they carry which is bound to become the first 
mean of air traffic control make their availability critical to the 
safety of air transportation in the future. Satellite communication 
systems have many differentiating arguments when compared to 
terrestrial solutions. Indeed, while the deployment costs of 
terrestrial systems can be sustainable in high-density areas, their 
use in low-density remote areas is much less interesting. In high-
density areas, satellite could also be useful either as a primary 
mean of communication or as a secondary one in order to improve 
the overall communication system’s availability. A satellite 
system, by nature, is able to cover large regions of the earth and 
can thus provide a cost effective solution to the coverage of both 
high and low density areas such as oceanic regions where reliable 
terrestrial coverage is nonexistent. The use of Ku and Ka 
frequency bands for AMSS leads to unsolved until now problems, 
which could be solved successfully by SCP-RPSC approach [9]. 

 
4.6. Global Navigation Satellite Systems (GNSS) 

Historically, the Global Navigation Satellite Services (GNSS) 
have been delivered through the use of satellites transmitting in L-
band (out of which only a few tens of MHz are assigned to GNSS 
use from regulatory authorities). Targeted to military navigations 
at first, these services have evolved towards hundreds of civil 
applications, some of them (for example railway transport) with 
great accuracy. The use of L-band gives important benefits, such as 
small onboard antenna size and little or no attenuation due to rain. 
However, the amount of L-band available, and more specifically 
the portion allocated to GNSS, is limited. Moreover, frequency 
reuse due to different orbital slots is extremely limited. The 
possible transport applications require a much greater accuracy 
than normally in L-band because of the  ionosphere propagation 
effects. 

To definitely overcome the problems due to the L-band, the 
only choice is to move GNSS to a higher frequency band. Ku-band  
is an ideal candidate to offer error free GNSS.  

An analysis of the possibilities to create new GNSS, working 
in Ku –band, is given in [10]. SCP technology is proposed as 

solution of the possible antenna problems. The possible advantages 
of such kind systems are discussed, as follows: 

• Improving the fade margin of GNSS in Ku-band. 

• Drastically decrease of ionosphere propagation errors. 

• Improving the GNSS system parameters due to 
directivity of the SCP virtual antenna pattern – better 
isolation among different satellite PN-codes, better 
Pseudo-satellite compatibility, better anti-jamming  and 
multi-path propagation properties.  

5.Conclusion 
 

The practical implementation of SCP-RPSC principles will 
drastically change the existing paradigm in the microwave 
communication systems. Many of the existing problems, dealing 
with frequency and orbital resource sharing, beam pointing, 
mobility, terrorist jamming etc,. will be solved successfully. 
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Abstract:  A retrospective review of a new approach, named Space Correlated U-PN codes, is given in this report. It is particular useful 

as spread spectrum radio access technology in the mobile broadband communication and radar systems with integrated terrestrial - 
satellite positioning. The principles of U-PN codes generation, as well as the basic methods of their acquisition and tracking, are given too. 
The proposed SC-CDMA principle uses several space distributed sources of radio-signals. The signals are phase modulated by appropriate 
PN-codes.  The Mobile Stations (MS) receive these signals by means of the well known CDMA technology. For this purpose the same PN-
codes are generated and synchronized  in the MS receiver. The sum(mod2) of these codes creates a new code, which we named U (Unique)-
PN code. This code is used for spreading the information, transmitted by the MS. Similar approaches are used for generation of the Base 
Station (BS) U-PN codes. Proposals of realistic SC-CDMA mobile communication and SC-MRN radar systems, based on the well 
developed GPS navigation, are shown in the end of the report.  
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1.Introduction 
One of the main objectives of the Satellite Personal 

Communication Networks (S-PCN) is to complement terrestrial 
mobile networks by providing analogous services in areas where 
satellite technology is more effective and economic [1]. It can be 
achieved by the provision of dual-mode user equipment which 
communicates with both the satellite and terrestrial mobile networks 
so that when users roam outside of the terrestrial coverage, their 
requested services can still be supported via the satellite segment. 
An important topic in this field of research are the Connection 
Transference Schemes (CTS) with Soft Handover (SH). SH 
maintains the call connection through the old link until a new link is 
firmly established. SH is always associated with diversity (satellite - 
terrestrial or satellite – satellite). With soft handover, the service 
will not be interrupted since the old connection is still used for 
communication during the handover procedures. As a result, 
seamless handover can be achieved. The CDMA radio-access 
approach is particular suitable to realize seamless SH in the 
Integrated Satellite-Terrestrial Network Scenario. 

CDMA Bandwidth efficiency is the main driving force in the 
use of CDMA since frequency re-use planning is not required. All 
available frequencies can be re-used in every single spotbeam. 
CDMA makes use of the Pseudo-Noise (PN) code concept in order 
to distinguish between different channels. It transmits modulated 
data onto wideband carriers that are distinguishable from each other 
by different PN sequences. Receivers retrieve their intended data by 
searching for their PN sequence. In order to avoid interference, the 
traffic carriers must be spread with synchronized and orthogonal PN 
sequences. Although synchronous-CDMA (S-CDMA) proves to be 
the most efficient to eliminate interference arising from other users 
sharing the same carrier and the same spot-beam, interference from 
other spot-beams which overlap the coverage of the intended spot is 
still considerable. The synchronization process to ensure 
orthogonality between all links requires signaling to adjust the 
transmission in both the time and frequency domains for every user 
independently. If dual satellite (or satellite – terrestrial base station) 
diversity is deployed, the timing advance will be addressed to only 
one satellite. Half of the users sharing the same frequency band will 
statistically be synchronized to this one particular satellite while 
generating intrinsic noise to the other. The system capacity is 
subsequently reduced. If orthogonality between PN sequences is not 
required, i.e. asynchronous CDMA, synchronization is not 
necessary. Under this situation, the number of available PN 
sequences will increase tremendously. However, this implies that 
interference levels generated by co-channel users cannot be 
suppressed as efficiently which may reduce the system capacity. 
However, since the number of PN sequences is increased, such a 

reduction in system capacity may still be well within the resource 
utilization efficiency of that offered by S-CDMA. In the case of 
multi-satellite diversity, longer codes may be required in order to 
discriminate between different links and consequently, 
synchronization among different satellites will be more complex. 
Another problem in the future integrated terrestrial-satellite S-
CDMA systems could be the short length of the used PN-sequences, 
optimized for terrestrial usage, where the radiuses of the used cells 
are in order of several kilometers. The use of the same codes for the 
satellite segment will raise problems due to the ambiguity of their 
autocorrelation functions.     

 Bistatic radars and Multistatic Radar Networks (MRN) are 
subject to problems and special requirements that are either not 
encountered or encountered in less serious form by monostatic 
radars [2]. In general, the implementation of a MRN is more easily 
accomplished when the positions of all transmitting and receiving 
elements are fixed with respect to each other, for example when 
located on the ground. Because of the Line Of Sight (LOS) 
restrictions, they are often designed for operation on high altitude 
platforms such as satellites and airplanes. In these cases problems 
with PN code generation, synchronization and isolation appear 
when Continuous Wave - Phase Modulation (CW-PM) mode of 
operation is used. On the other hand CW-PM gives the opportunity 
for coherent signal processing, precise distance and 3-D coordinates 
measurements, as well as targets resolution by means of their 
Doppler spectra. 

 A retrospective review of a new approach, named Space 
Correlated Unique –Pseudo - Noise  (SC U-PN) codes, is given in 
this report. It is particular useful as spread spectrum radio access 
technology in the mobile broadband communication and radar 
systems with integrated terrestrial - satellite positioning. The 
principles of U-PN codes generation, as well as the basic methods 
of their acquisition and tracking are given too. Proposals of realistic 
SC-CDMA mobile communications and SC-MRN radar systems, 
based on the well developed GPS navigation, are shown in the end 
of the report.  

The proposed theory was published in several Conferences as 
scientific reports, some of them in Bulgarian language [3,4,5,6].   

2. SC – CDMA approach 

2.1. SC-CDMA basic 
The proposed SC-CDMA principle [3] uses several space 

distributed sources of radio-signals, positioned at points 
1O and 

2O (in the case of only two sources)  as it is shown in fig.1. The 
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signals are phase modulated by appropriate PN-codes ( )tC1
 and 

( )tC2 .  The Mobile Stations (MS) receive these signals by means of 

the well known CDMA technology. For this purpose the same PN-
codes are generated and synchronized  in the MS receiver. The 
sum(mod2) of these codes creates a new code, which we named U 
(Unique)-PN code. This code is used for spreading the information, 
transmitted by the MS. Similar approaches are used for generation 
of the Base Station (BS) U-PN codes, named A and B, as follows:   

 
Fig.1 The basic SC-CDMA geometry 

2.2.Variant SC-CDMA-A 
 

 
Fig. 2  The basic SC-CDMA-A architecture 

The block schemes of the MS and BS, using SC-CDMA-A 
approach, are shown in fig.2. In this particular case the recovered in 
MS codes ( )tC1

 and ( )tC2
are used as follows: 

• In MS after sum(mod2) for U-PN(t) code generation, 
spreading the transmitted information from MS to BS by 
means of DS-SSS method; 

• In MS for dispreading (correlation) of the transmitted 
from BS to MS information, delayed U-PN(t+2R/С), 
where R is the distance between the MS and BS, and C is 
the speed of the light; 

• In BS for dispreading (correlation) of the transmitted from 
MS to BS information, delayed U-PN(t+R/С); 

• In BS for spreading the information transmitted from BS 
to MS, delayed U-PN(t+R/С). 

The information signal at Base Band (BB) from MS to BS will 
be: 

)()2()2()( 2211 tDRtCRtCtS MS
C

C
C

CMSout ⊕⋅+⋅Ω⊕⋅+⋅Ω=
λ
π

λ
π          (1) 

The BB signal, received by BS, will be additionally phase 
shifted as follows: 
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The BB signal from BS to MS will be: 
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C

C
C

CBSout ⊕+⋅+⋅Ω⊕+⋅+⋅Ω=
λ
π

λ
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Where )(tDBS  is the information signal at BB, transmitted 
from BS to MS. The BB signal, received by MS, will be 
additionally phase shifted as follows: 

)()]2(2[)]2(2[)( 2211 tDRRtCRRtCtS BS
C

C
C

CMSin ⊕+⋅+⋅Ω⊕+⋅+⋅Ω=
λ
π

λ
π  (4) 

2.3.Variant SC-CDMA-B 
 

The block schemes of the MS and BS, using SC-CDMA-B 
approach, are shown in fig.3. In this particular case the recovered in 
MS codes ( )tC1  and ( )tC2 are used as follows: 

• In MS after sum(mod2) for U-PN(t) code generation, 
spreading the transmitted information from MS to BS by 
means of DS-SSS method (the same as in SC-CDMA-A 
case); 

• In MS for dispreading (correlation) of the transmitted 
from BS to MS information, without delay U-PN(t); 

• In BS for dispreading (correlation) of the transmitted from 
MS to BS information, delayed U-PN(t+R/С) (the same 
as in SC-CDMA-A case) ; 

• In BS for spreading the information transmitted from BS 
to MS, forwarded U-PN(t-R/С). 

The BB signals from MS to BS will be described with eq. (1) 
and (2). The BB signal transmitted from BS to MS and the 
received by MS signals will be: 

)()](2[)](2[)( 2211 tDRRtCRRtCtS BS
C

C
C

CBSout ⊕−⋅+⋅Ω⊕−⋅+⋅Ω=
λ
π

λ
π   (5) 

)()2()2()( 2211 tDRtCRtCtS BS
C

C
C

CMSin ⊕⋅+⋅Ω⊕⋅+⋅Ω=
λ
π

λ
π    (6) 

 

 
 

Fig. 3 The basic SC-CDMA-B architecture 

2.4.EMI SC-CDMA A&B system 
Proposal of a realistic SC-CDMA system, based on the existing 

navigation GPS system, is given in [4]. It was named EMI A&B 
(Enhanced Mobile Information, variants A & B).  

The architecture of EMI - A system is shown in fig.4.  
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Fig. 4 The basic EMI SC-CDMA-A architecture 

The system consists of satellite and earth segments, as follows: 

• Earth segment, including subscriber mobile terminals 
(MS), terrestrial base stations (BS), as well as earth Gate 
Way Stations (GWS); 

• Satellite segment, including Low Earth Orbit satellite base 
stations (LEO,s) and satellite based sources of PN signals 
(GPS). 

The possible frequency allocations for the different parts of the 
system are shown in fig. 4, as follows: 

• 2 GHz – terminal up-link SC-CDMA; 
• 2,2 GHz – terminal down-link SC-CDMA; 
• 1,6 GHz – GPS signals, used as satellite based sources of 

PN signals; 
• 12 GHz down-link, 14 GHz up-link of Non Geostationary 

Orbit – Fixed Satellite Service (N-GSO-FSS) technology 
for the feeder lines of isolated BS without access to 
terrestrial telecommunication infrastructure; 

• 18 GHz up-link, 11 GHz down-link, NGSO-MSS 
technology for the  LEO,s feeder lines. 

The distances among different elements of EMI A&B are 
important and in fig. 4 they are as follows: 

• R – distance between MS and BS; 
• Ri bs – distance between BS and the i-th GPS satellite; 
• Ri bs leo,s – distance between a LEO,s and the i-th GPS 
satellite; 
• Ri ms – distance between MS and i-th GPS satellite. 

 

The most important element of the proposed system is the 
subscriber radio interface, using SC-CDMA method of access. 
Similar to the above described theory, we can use the both variants 
A and B. Obviously, from CDMA technology point of view, variant 
A is superior and we will focus on it. The time delays, introduced 
by the system processors, are ∆t ms in MS and ∆t bs in BS. 

The calculations of the time delays, introduced by the system 
processors in order to ensure the space correlation of the used U-PN 
codes and the dispreading codes, need equalization, as follows in 
the equation (7): 

C
RR

C
Rt imsibs

ibs
+

=+∆              (7) 

and: 

C
RRRt ibsims

ibs
−+

=∆              (8) 

By means of (8) it is possible to calculate the time delay of the 
dispreading U-PN code in MS: 

C
Rtms

2
=∆               (9) 

The code acquisition procedure in a SC-CDMA system 
EMI A&B will be the follows: 

• By means of a classical radio interface BS broadcasts 
information about its space coordinates X bs, Y bs, Z bs in 
Earth Centered - Earth Fixed (ECEF) coordinate system, used 
by GPS system.  
• By means of a classical radio interface MS broadcasts 
information about its space coordinates X ms, Y ms, Z ms in 
ECEF coordinate system;  
• The MS processor calculates the distance R as follows: 

 

[ ]222 )()()( MSBSMSBSMSBS ZZYYXXSQRR −+−+−=     (10) 

 

After that computes ∆t ms with equation (9); 

• The BS processor computes the distances Ri bs and Ri ms 
in classical way, typical for GPS algorithms, calculates the 
distance R with (10) and ∆t i bs with  (8). 
• The calculated ∆t ms and ∆t i bs are base only for the 
acquisition of the U-PN codes. The code tracking could be 
done by means of a modified “early-late” CDMA method. 

The precise determination of the shape of a SC-CDMA 
autocorrelation cell is a complicate goal, which should be solved in 
the future. An approximation could be done, based on the 
assumption that that the position in the space of the MS can be 
determined by the crossing of three spheres with centers GPS1, 
GPS2 and LEO,s, with corresponding radiuses R1 ms, R2 ms and 
R. The wall thickness of each sphere is determined by the width of 
the used PN code autocorrelation function 2.tc, where tc is the chirp 
time duration of the code and С is the speed of the light. The change 
of the “wall density” R(t) of each sphere can be calculated, as 
follows: 

)1()( 2

Ct
tAtR −=  for Ctt ≤          (11) 

0)( =tR   for Ctt ≥  

The mutual crossing of the spheres with finite wall thickness 
will form a cell with center located at MS and r=tc.C. In order to 
avoid interference among several MS, in this cell only one MS 
should be positioned. It means that the minimum distance among 
MS should be greater than Rmin = 2.tc.C  

The GPS system uses two PN codes. First of them is the coarse-
acquisition (C-A) code with speed 1,023 MCh/s. The second is the 
precise (P) code with speed of 10,23 MCh/s. When they will be 
used for generation of U-PN codes, the autocorrelation cell radiuses 
will be 293 and 29,3 меters.  

In principle in a static SC-CDMA system the generated U-PN 
codes will  repeat in the time due to the repetition character of the 
primery PN codes. When several LEO or MEO satellites (as it is in 
GPS) are used as primary PN code sources, their phases will change 
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fast due to their relative fast speeds (in order of several kilometers 
per second). The result will be generating of pure noise like U-PN 
codes with very good and unambiguity auto and crosscorrelation 
functions. 

3. SC-MRN approach 
The possible implementations of SC-CDMA approach in a 

bistatic radar geometry is shown in fig.5. BPSK modulated by PN-
codes radio-signals are transmitted from the points 1O  and 

2O (both 
of them with known coordinates in a 2D coordinate system). These 
signals are received in the transmitter site and in the receiver site of 
a bistatic radar system, where the used PN-sequences ( )tC1

and 

( )tC2
 are recovered with their phases and used as follows: 

• Transmitter site:  
 

( )tC1 and ( )tC2  are sum (mod2) and the resulting U-PN code 
is used for BPSK modulation of the transmitted  radio-signals. The 
phases of the received PN-codes are determined by the transmitter 
position. These coordinates are sent to the receiver with appropriate 
radio-communication link.  

    

)2()2()( 2211 RtCRtCtPNU
C

C
C

Crtransmitte λ
π

λ
π

+Ω⊕+Ω=−
      

(12) 

 Where Cλ  is the wavelength and CΩ  is the  angle frequency 
of the used PN-code. 

 
 

Fig. 5 The basic SC-MRN geometry 

• Receiver site: 
 

The phases of the received PN-codes are determined by the 
receiver position in the same 2D-coordinate system. Receiver 
processor  computes  the distances 

dRRR ,21, in order to recovery the 

transmitted U-PN code in the receiver with phase, given with eq.13. 
The recovered U-PN code is used for acquisition and tracking of the 
synchronization link and with introducing the suitable time delay – 
for measuring the distance rt RR + by means of eq.14 and the 
famous triangle method (using at least three receiver sites [2]).  
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C
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C
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λ
π

λ
π

     

(14) 

An attractive application of the SC-CDMA technology is the 
use of the satellites of the global positioning system GPS as sources 
of the PN-modulated signals. In this particular case the U-PN code 
is sum (mod2) of the recovered in the transmitter site GPS receiver 

C/A codes of the visible satellites. Because of the very fast relative 
satellite motion the created in this case U-PN code changes very 
fast – it looks like a pure random signal. U-PN code acquisition is 
based on the exchanged between transmitter site and receiver site 
information about their positions in ECEF geographic coordinate 
system, used by GPS.      

4. Conclusions 
 A new approach for pseudo-noise code generation and 
synchronization is proposed in this paper. It is suitable as spread 
spectrum radio access technology in the mobile broadband 
communication and radar systems with integrated terrestrial - 
satellite positioning.  The basic Space Correlated system 
architectures, as well as mathematical description of the proposed 
method for U-PN code generation and synchronization, are 
explained. Proposals for real systems,  using satellites of the global 
positioning system GPS as sources of the pseudo-noise signals, are 
given too.  

The implementation of the proposed new Space Correlated – 
Code Division Multiple Access and Space Correlated – Multistatic 
Radar Network approach for  U-PN code generation and 
synchronization will give new chance of the future sophisticated 
mobile communication and radar systems.  
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Abstract: This paper describes the process of building special space of generalized functions, its properties and applications. Presented 
applications are: constructive solution of Kolmogorov-Feller type equation with polynomial drift coefficient; proof of exponential nature of 
equilibrium establishment in rarefied gas, described by Boltzmann equation of kinetic theory of gases. 
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1. Introduction 
This paper describes the construction, properties and application 

of special space of generalized functions (see terminology in [1]), 
proposed by A.N. Firsov in [2, 3] and developed in cooperation 
with A.V. Koval [4]. The following examples of application are 
presented: the constructive solution of the Kolmogorov-Feller type 
equation with the polynomial drift coefficient, and the proof of the 
exponential nature of the time equilibrium establishment in a 
rarified gas, described by the Boltzmann kinetic equation. 

Kolmogorov-Feller type equations are found in control theory, 
communication theory and stellar dynamics. In literature on 
analytical methods for solving such equations the case of drift 
coefficient linear dependence on coordinate is usually considered. 
In this case it is possible to use the Fourier transformation. This 
paper considers the solution of the Kolmogorov-Feller equation 
with quadratic and cubic drift coefficient – the cases, in which the 
use of the Fourier transformation is ineffective. 

In addition in this paper the asymptotic properties (for the large 
values of time) of the linearized Boltzmann equation solution are 
considered. 

Boltzmann kinetic equation is the basis of research and analysis 
of mathematical models of (mass, energy, momentum) transport 
processes in gases, as derivation of the equation is based on the 
more natural idea of gas as a set of interacting molecules, rather 
than a continuous medium. This approach is particularly 
advantageous in the research of the body motion in the upper 
atmosphere, where the idea of gas as a continuous medium is 
inadequate. The main problem, that arises here, is the complexity of 
the Boltzmann equation, which consists in the structure of the 
collision integral operator, associated with the microstructure of the 
medium and the nature of the interaction between the matter 
molecules. Therein lies one of the reasons for the comparatively 
small number of studies on the analytically rigorous formulation of 
the solvability conditions and the analysis of the solutions of the 
Boltzmann equation. The latter refers not only to the full nonlinear 
version of the Boltzmann equation, but its linear approximation. 

2. The theory of “fast decreasing” generalized 
functions [2,3] 

Definition 1. Let 𝑠 > 0. Through 𝐸𝑠 we denote the space of 
(complex) functions 𝜑 ∈ 𝐶∞(𝑅𝜈) such, that for any 𝜌 > 0 

|𝐷𝑞𝜑(𝑥)| ≤ 𝐶(𝑠 + 𝜌)|𝑞|𝑒(𝑠+𝜌)|𝑥|, 𝑥 ∈ 𝑅𝜈 . 
Here 𝐶 is a constant, depending, generally speaking, on 𝜑, 𝑠 

and 𝜌, but not on 𝑞 ∈ ℤ0𝜈. 
Note, that the polynomials 𝑃(𝑥1, 𝑥2, … , 𝑥𝜈) and functions 

𝑒𝑠1𝑥1+...+𝑠𝜈𝑥𝜈 , 𝑒𝑖(𝑠1𝑥1+...+𝑠𝜈𝑥𝜈) belong to the 𝐸𝑠, the latter at 𝑠 ≥
𝑚𝑎𝑥(|𝑠1|, … , |𝑠𝜈|). 

We introduce a countable system of norms in 𝐸𝑠 

(1) ‖𝜑‖𝑠
(𝜌) = sup

𝑞,𝑥
�
|𝐷𝑞𝜑(𝑥)|
(𝑠 + 𝜌)|𝑞| 𝑒

−(𝑠+𝜌)|𝑥|� ,𝜌 = 1,
1
2 ,

1
3 , … 

Theorem 1. Space 𝐸𝑠, equipped with the system of norms (1), 
is a complete countably-normed space. 

Since 𝐸𝑠+1 ⊃ 𝐸𝑠 and convergence of the sequence {𝜑𝑛} in 𝐸𝑠+1 
results from its convergence in 𝐸𝑠, it is possible to introduce a 
countable union 𝐸 = ⋃ 𝐸𝑠∞

𝑠=1 ; convergence in 𝐸 is determined in a 
conventional manner (see [3]). Obviously, space 𝐸 is complete in 
terms of the corresponding convergence. The following property of 
spaces 𝐸𝑠 is the basis for further derivations. 

Theorem 2. Let 𝜑 ∈ 𝐸𝑠, 𝑎 = (𝑎1, 𝑎2, … , 𝑎𝜈) ∈ 𝑅𝜈. Then: 
1) Taylor series for the 𝜑 

𝜑(𝑥) = � �
𝜑(𝑞)(𝑎)
𝑞!

(𝑥 − 𝑎)𝑞
|𝑞|=𝑙

∞

𝑙=0

 

converges for all 𝑥 ∈ 𝑅𝜈; 
2) partial sums 

𝑆𝑚(𝑥) = � �
𝜑(𝑞)(𝑎)
𝑞!

(𝑥 − 𝑎)𝑞
|𝑞|=𝑙

𝑚

𝑙=0

 

converge to 𝜑 in the terms of convergence in 𝐸𝑠. 
The following lemmas indicate a number of other properties of 

space 𝐸 (details see in. [2, 3]). 
Lemma 1. If 𝜑,𝜓 ∈ 𝐸, then the product 𝜑𝜓 ∈ 𝐸. 
Lemma 2. Let 𝜑𝑛 → 𝜑, 𝜓𝑛 → 𝜓 in space 𝐸, then 𝜑𝑛𝜓𝑛 → 𝜑𝜓 

in 𝐸. 
Lemma 3. If 𝜑 ∈ 𝐸𝑠, then 𝐷𝑞𝜑 ∈ 𝐸𝑠. 
Lemma 4. If 𝜑𝑛 → 𝜑 in 𝐸𝑠, then 𝐷𝑞𝜑𝑛 → 𝐷𝑞𝜑 

 
in 𝐸𝑠. 

Space  𝐸′ is introduced in conventional manner as a conjugate to 
𝐸. In the usual manner it determines linear operations, the operation 
of multiplication by functions of 𝐸 and differentiation. These 
operations, as follows from the previous results, are continuous in 
terms of convergence in 𝐸′ (i.e. weak convergence). By the theorem 
on completeness of space conjugated to complete countably normed 
space, this space will be complete (with respect to weak 
convergence) – see [1]. 

It should be noted here, that the stock of the regular functionals 
in 𝐸′ is large enough. So every summable in 𝑅𝜈function 𝑓(𝑥), 
satisfying the condition 

𝑓(𝑥) = 𝑂�𝑒−𝛼|𝑥|1+𝜀�, |𝑥| → ∞,𝛼 > 0, 𝜀 > 0, 
generates in 𝐸′ the functional 𝑓 by the formula 

�𝑓,𝜑� = �𝑓(𝑥)𝜑(𝑥)𝑑𝑥
 

𝑅𝜈
,𝜑 ∈ 𝐸. 

The following lemma takes place: 
Lemma 5. If 𝑓 ∈ 𝐿1(𝑅𝜈), 𝜑 ∈ 𝐸 and for every 

∫ 𝑓(𝑥)𝜑(𝑥)𝑑𝑥 
𝑅𝜈 = 0, then 𝑓(𝑥) = 0 almost everywhere. 

Also we note, that if the “normal” function 𝑓(𝑥) is 
differentiable in the usual sense, and 𝑓 and 𝑓(𝑞) generate the regular 
functionals 𝑓 and 𝑓(𝑞)� , then 𝑓(𝑞)� = 𝑓(𝑞), where the right is the 
functional 𝑓 derivative in terms of differentiation in space 𝐸′. 
Finally, the delta-function 𝛿𝑎 = 𝛿(𝑥 − 𝑎), defined in the usual way, 
i.e. (𝛿𝑎,𝜑) = 𝜑(𝑎), 𝜑 ∈ 𝐸, is also belong to 𝐸′  and is a singular 
functional. 
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Now we formulate the main properties of the generalized 
functions of 𝐸′(details – in [2,3]): 

Theorem 3. 
1) Every generalized function 𝑓 ∈ 𝐸′ at a random point 𝑎 ∈ ℝ𝑛 

can be presented in the form 

𝑓 = � � 𝐶𝑎
(𝑞)

|𝑞|=𝑘

𝛿𝑎
(𝑞)

∞

𝑘=0

, 

where coefficients 𝐶𝑎
(𝑞) = (−1)|𝑞| (𝑓,(𝑥−𝑎)𝑞)

𝑞!
. 

2) The generalized function 𝑓 belongs to 𝐸′ if and only if the 
series 

(2) �𝑠𝑘 � �𝐶𝑎
(𝑞)�

|𝑞|=𝑘

∞

𝑘=0

 

converges for every 𝑠 > 0. 
3) Let 𝑓,𝑔 ∈ 𝐸′ и 𝐶𝑎

(𝑞), 𝑑𝑎
(𝑞) be “moment” decomposition 

coefficients. Then the following statements are valid: 
1. 𝛼𝑓 + 𝛽𝑔 = ∑ ∑ �𝛼𝐶𝑎

(𝑞) + 𝛽𝑑𝑎
(𝑞)� 𝛿𝑎

(𝑞)
|𝑞|=𝑘

∞
𝑘=0 , where 

𝛼,𝛽 ∈ ℂ; 
2. 𝐷𝑘𝑓 = ∑ ∑ 𝐶𝑎

(𝑞)𝛿𝑎
(𝑞)

|𝑞|=𝑘
∞
𝑘=0 ; 

3. if 𝜓 ∈ 𝐸, then 𝜓𝑓 = ∑ ∑ ℎ𝑎
(𝑞)𝛿𝑎

(𝑞)
|𝑞|=𝑘

∞
𝑘=0 , where 

ℎ𝑎
(𝑞) = �(−1)𝑟 � �

𝑛
𝑛 − 𝑞� 𝐶𝑎

(𝑞)𝜓(𝑞)(𝑎)
|𝑛|=𝑟+|𝑞|

𝑛≥𝑞

∞

𝑟=0

. 

In the space 𝐸′ it is possible to use the usual procedure to 
determine the convolution of two generalized functions. Such 
convolution always exists (unlike other spaces of generalized 
functions), has the usual properties and satisfies the following 

Theorem 4. Let 𝑓,𝑔 ∈ 𝐸′ and 𝐶𝑎
(𝑞), 𝑑𝑎

(𝑞) are corresponding 
“moment” decomposition coefficients. Then 

𝑓 ∗ 𝑔 = ∑ ∑ ℎ𝑎
(𝑞)𝛿𝑎

(𝑞)
|𝑞|=𝑘

∞
𝑘=0 ,  where 

ℎ𝑎
(𝑞) = � (−1)|𝑞−𝑖−𝑗| 𝑎𝑞−𝑖−𝑗

(𝑞 − 𝑖 − 𝑗)!𝐶𝑎
(𝑖)𝑑𝑎

(𝑗)

𝑖+𝑗≤𝑞

. 

In particular, for 𝑎 = 0 “moment” decomposition coefficients 
ℎ0

(𝑞) = � 𝐶0
(𝑖)𝑑0

(𝑗)

𝑖+𝑗=𝑞

. 

3. Solution of the Kolmogorov-Feller equation 
with the quadratic drift coefficient [4] 

One-dimensional stationary Kolmogorov-Feller equation with 
the quadratic drift coefficient is given by: 

(3) 
𝑑
𝑑𝑥

[𝛼(𝑥)𝑊(𝑥)] + 𝜈 � 𝑝(𝐴)𝑊(𝑥 − 𝐴)𝑑𝐴
+∞

−∞

− 𝜈𝑊(𝑥) = 0. 

Let the unknown function 𝑊(𝑥) and the given function 𝑝(𝐴) be 
the generalized functions of 𝐸′. Then, according to the first 
paragraph of theorem 3, function 𝑊(𝑥) can be presented as 
 𝑊(𝑥) = ∑ 𝐶0

(𝑞)𝛿0
(𝑞)∞

𝑞=0 . Similarly 𝑝(𝐴) = ∑ 𝑑0
(𝑞)𝛿0

(𝑞)∞
𝑞=0 , where 

𝑑0
(𝑞) = (−1)𝑞 (𝑝,𝐴𝑞)

𝑞!
. Since the meaning of the function 𝑝(𝐴) is 

probability density, we should assume that (𝑝, 1) = 1. 
We consider separately each of the terms in the left side of 

equation (3). With obvious transformations, using the statements of 
the third paragraph of theorem 3, we obtain 

𝑑
𝑑𝑥

[(𝛼𝑥 + 𝛽𝑥2)𝑊(𝑥)] = �𝑘0
(𝑞)𝛿0

(𝑞)
∞

𝑞=0

+ �𝑙0
(𝑞)𝛿0

(𝑞)
∞

𝑞=0

, 

where 𝑘0
(𝑞) = 𝛼𝐶0

(𝑞) − 2𝛽(𝑞 + 1)𝐶0
(𝑞), 

𝑙0
(𝑞) = 𝛽(𝑞 + 1)(𝑞 + 2)𝐶0

(𝑞) − 𝛼(𝑞 + 1)𝐶0
(𝑞). 

According to the theorem 2 we transform the convolution in the 
equation (3) to the form 

𝑝 ∗ 𝑊 = ���𝑑0
(𝑞)𝐶0

(𝑞)
𝑞

𝑖=0

� 𝛿0
(𝑞)

∞

𝑞=0

. 

Thus, equation (3) reduces to 

�𝑘0
(𝑞)𝛿0

(𝑞)
∞

𝑞=0

+ �𝑙0
(𝑞)𝛿0

(𝑞)
∞

𝑞=0

+ 𝜈���𝑑0
(𝑞−𝑖)𝐶0

(𝑖)
𝑞

𝑖=0

� 𝛿0
(𝑞)

∞

𝑞=0

− 𝜈�𝐶0
(𝑞)𝛿0

(𝑞)
∞

𝑞=0

= 0, 

which is equivalent to 

��𝑘0
(𝑞) + 𝑙0

(𝑞) + 𝜈�𝑑0
(𝑞−𝑖)𝐶0

(𝑖)
𝑞

𝑖=0

− 𝜈𝐶0
(𝑞)� 𝛿0

(𝑞)
∞

𝑞=0

= 0. 

Using paragraph 1 of theorem 3, we find, that 

𝑘0
(𝑞) + 𝑙0

(𝑞) + 𝜈�𝑑0
(𝑞−𝑖)𝐶0

(𝑖)
𝑞

𝑖=0

− 𝜈𝐶0
(𝑞) = 0  ∀𝑞 ∈ ℤ0,. 

As a result, after appropriate transformations, taking into 
account the property (𝑝, 1) = 1, we obtain a recurrence relation, 
from which one can sequentially find all the coefficients 𝐶0

(𝑞):  

(4) 𝐶0
(𝑞+1) =

𝛼
𝛽(𝑞 + 1)𝐶0

(𝑞) −
𝜈

𝛽𝑞(𝑞 + 1)�𝑑0
(𝑞−𝑖)𝐶0

(𝑖)
𝑞−1

𝑖=0

. 

To obtain a unique solution of the chain of equations (4), 
apparently, it is necessary to set the coefficients 𝐶0

(0) and 𝐶0
(1). 

Thus, to settle the issue of the existence of the equation (3) solution 
in the space 𝐸′, one must verify the point 2 of theorem 3. 

Theorem 5. To satisfy point 2 of theorem 3 it suffices that the 

sequence �𝐶0
(𝑞)�

𝑞=0

+∞
 of (4) is bounded. 

The proof of theorem 5 is based on the following lemma. 
Lemma 6. Suppose that there exists 𝑄 > 0 such that for any 

0 ≤ 𝑞 ≤ 𝑄 the requirement �𝐶0
(𝑞)� ≤ �𝐶0

(𝑄)� is fulfilled. Suppose, 

moreover, that �𝛼
𝛽
� + �𝜈

𝛽
� 𝐷 ≤ 𝑄 + 1, where 𝐷 = max𝑞≥0 �𝑑0

(𝑞)�. In 

this case �𝐶0
(𝑞)� ≤ �𝐶0

(𝑄)� for any 𝑞 ≥ 𝑄. 
To prove this lemma the principle of mathematical induction is 

used. 
Here is an example solution of equation (3) with (4). Suppose 

𝑝(𝐴) is a regular functional, which is a normal distribution with the 
mean 0 and variance 𝜎. In this case “moment” decomposition 
coefficients are 

𝑑0
(𝑞) = (−1)𝑞

(𝑝,𝐴𝑞)
𝑞! = �

0, 𝑞 = 2𝑖 + 1, 𝑖 ∈ ℤ0,
𝜎𝑞

𝑖‼ , 𝑞 = 2𝑖, 𝑖 ∈ ℤ0.
 

Then the moments of the unknown function 𝑊(𝑥) can be 
found, using the relation 

𝐶0
(𝑞+1) =

𝛼
𝛽(𝑞 + 1)𝐶0

(𝑞) −
𝜈

𝛽𝑞(𝑞 + 1) �
𝜎𝑞

2 ∙ 4 ∙ … ∙ 𝑞 𝐶0
(𝑖)

𝑞−1

𝑖=0

, 

𝑞 = 2𝑗,   𝑗 ∈ ℤ0 

4. Solution of the Kolmogorov-Feller equation 
with the cubic drift coefficient 

One-dimensional stationary Kolmogorov-Feller equation with 
the cubic drift coefficient has the form 

(5) 
𝑑
𝑑𝑥

[(𝛼𝑥 + 𝛽𝑥2 + 𝛾𝑥3)𝑊(𝑥)] + 𝜈 � 𝑝(𝐴)𝑊(𝑥 − 𝐴)𝑑𝐴
+∞

−∞
− 𝜈𝑊(𝑥) = 0. 

The chain of equations (4) is replaced with relations: 

(6) 

𝐶0
(𝑞+2) = −

𝛼
𝛾(𝑞 + 1)(𝑞 + 2)𝐶0

(𝑞) +
𝛽

𝛾(𝑞 + 2)𝐶0
(𝑞+1)

+
𝜈

𝛾𝑞(𝑞 + 1)(𝑞 + 2)�𝑑0
(𝑞−𝑖)𝐶0

(𝑖)
𝑞−1

𝑖=0

 

There is a theorem analogous to theorem 5: 

Theorem 6. Suppose the sequence of coefficients (6) �𝐶0
(𝑞)�

𝑞=0

+∞
 

is bounded, then the condition 2 of theorem 3 is satisfied. 
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The proof of this theorem is based on a lemma analogous to 
lemma 6. 

5. The analysis of the asymptotic behavior of 
the linearized Boltzmann equation solutions for large 
values of time [3] 

Consider the Cauchy problem for the linearized Boltzmann 
kinetic equation [5]: 

 

(7) 

𝜕𝑓
𝜕𝑡 + 𝑢�

𝜕𝑓
𝜕�̅� = 𝐿[𝑓], 𝐿[𝑓] = 𝐾[𝑓] − 𝜈𝑓  

𝑓 = 𝑓(�̅�,𝑢� , 𝑡), �̅� ∈ ℝ3,𝑢� ∈ ℝ3, 𝑡 ≥ 0 
𝑓|𝑡=0 = 𝑓0(�̅�,𝑢�) 

Here 𝑓(�̅�,𝑢� , 𝑡) is linearized distribution function of the 
molecules in the coordinates �̅� and velocities 𝑢�  at time 𝑡. 𝐾[𝑓] is a 
bounded linear operator, acting on 𝑓 as a function 𝑢�; 𝜈 = 𝜈(𝑢) =
𝑂�𝑢𝛽� for 𝑢 ⟶ ∞, 0 < 𝛽 ≤ 1, 𝑢 = |𝑢�|. Properties of the function 
𝜈(𝑢) depend on the specific intermolecular interaction model, 
accepted during the derivation of the kinetic equations. For details 
see  [5]. 

It is known [6] that the solution of (7) in the case of “hard” 
intermolecular interaction potentials 𝑈 = 𝐶𝑘 𝑟−𝑘, 𝑘 > 5 at 𝑡 → ∞ 
has, in general, the power asymptotics of the form 𝑂 � 1

1+𝑡𝜇
�, 𝜇 > 0. 

This result is obtained under assumption that 𝑓(�̅�,𝑢� , 𝑡) at 𝑥 = |�̅�| →
∞ behaves as a function of the 𝐿𝑝(ℝ𝑥

3), 𝑝 > 1. 
It turns out, that if we impose more rigid conditions on 

 𝑓(�̅�,𝑢� , 𝑡)  behavior, for example, require that 𝑓(�̅�,𝑢� , 𝑡) satisfies for 
�̅� (and uniformly for 𝑢� , 𝑡): 

𝑓(�̅�,𝑢� , 𝑡) = 𝑂�𝑒𝑥𝑝(−𝛼|�̅�|1+𝜀)�, |�̅�| → ∞,𝛼 > 0, 𝜀 > 0, 
then the establishment of equilibrium (i.e. function  𝑓 convergence 
to zero at 𝑡 ⟶ ∞) is exponentially fast. 

The idea of the proof is as follows. We seek a 𝑓(�̅�,𝑢� , 𝑡) in the 
class of functions such that almost for every  𝑢� ∈ ℝ3 and every > 0 
𝑓(�̅�,𝑢� , 𝑡) ∈ 𝐸′𝑥, i.e. the function f can be written as 

(8) 𝑓(�̅�,𝑢� , 𝑡) = � � 𝐶𝑎
(𝑞)(𝑢� , 𝑡)

|𝑞|=l

𝛿𝑎
(𝑞)(�̅�)

∞

𝑙=0

. 

Substituting this expression in (7) and taking into account the 
results of paragraph 2 of this paper, we obtain the infinite “looping” 
system of equations for coefficients 𝐶𝑎

(𝑞)(𝑢� , 𝑡) 

(9) 

𝜕𝐶𝑎
(0)

𝜕𝑡 = 𝐿 �𝐶𝑎
(0)� 

⋮ 
𝜕𝐶𝑎

(𝑞)

𝜕𝑡 = 𝐿 �𝐶𝑎
(𝑞)� − �𝑢1𝐶𝑎

(𝑞−𝐼1) + 𝑢2𝐶𝑎
(𝑞−𝐼2) + 𝑢3𝐶𝑎

(𝑞−𝐼3)�, 
|𝑞| ≠ 0 

where in terms of 𝐼1, 𝐼2, 𝐼3 multi-indices (1, 0, 0), (0, 1, 0) and (0, 0, 
1) are expressed respectively. 

Equations (9) are heterogeneous equations of the form 
𝜕𝐶𝑎

(𝑞)

𝜕𝑡 = 𝐿 �𝐶𝑎
(𝑞)� − 𝑔𝑞(𝑢� , 𝑡), |𝑞| ≠ 0, 

where 𝑔𝑞(𝑢� , 𝑡) is a known function (at each step – its own known 
function). Thus, the properties of the functions 𝐶𝑎

(𝑞)(𝑢� , 𝑡) depend on 
the operator L properties. The latter have been studied sufficiently 
(see [3,5-9]). In particular, on the subspace of functions 𝑤(𝑢� , 𝑡), 
orthogonal in terms of 𝐿2(ℝ𝑢

3) to the subspace of additive invariants 
(which is actually equivalent to the classical conservation laws for 
gas), the operator 𝐿 generates a semigroup 𝑇(𝑡), 𝑡 > 0 of bounded 
operators, which solves an abstract Cauchy problem for equation 
(7); in addition, it turns out, that ‖𝑇(𝑡)‖ ≤ 𝑐𝑜𝑛𝑠𝑡 ∙ 𝑒−𝜇𝑡 , 𝜇 > 0. 
With the method, similar to the one used in [6,7], by induction we 
obtain an estimate for the solutions of equations (9) of the form (the 
norm is meant in terms of 𝐿2(ℝ𝑢

3)): �𝐶𝑎
(𝑞)(𝑡)� ≤ 𝑐𝑜𝑛𝑠𝑡 ∙ 𝑒−𝛾𝑡, 𝛾 >

0, where 𝑐𝑜𝑛𝑠𝑡 depends on the initial distribution function 𝑓0(�̅�,𝑢�) 
and parameters of the operator 𝐿. 

The latter estimate, taking into account (8), leads to the 
conclusion of an exponentially fast (in time) equilibrium 
establishment in the system, described by the problem (7). 

6. Results 
This paper describes the construction, properties and 

applications of a special space of the generalized functions, 
proposed by A.N. Firsov [2,3] and developed jointly with A.V. 
Koval [4]. The following applications are presented: a constructive 
solution of the Kolmogorov-Feller equation with the quadratic drift 
coefficient and a proof of the exponential in time nature of 
equilibrium establishment in rarified gas, described with the kinetic 
Boltzmann equation. 

The proposed method of “moment” representation of 
generalized functions can be effectively used for solving differential 
equations with polynomial coefficients and convolution equations. 
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Abstract: This article offers a new geometry model of ISAR image reconstruction procedure. Improved modeling and information 
analysis of ISAR systems are developed by implementation of detail 3D model of observed flying object. Simulation experiments are executed 
in MATLAB environment. 
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1. Introduction. 
For all ISAR systems high performance and better image 

reconstruction technologies are needed. An opportunity for 
improved modeling and information analysis in that area is 
suggested to be the development of better recognition of the various 
flying objects. The simulation needed for better image 
reconstruction and subsequent recognition can be developed only if 
the model is more similar to the real flying object and has a detailed 
3D structure.  

A 2-D range/cross-range radar image of a target is always 
sparse since only a few strong scattering centers occupy the whole 
image plane, and thus, it can be suitable to apply the compressive 
sensing (CS) theory to obtain inverse synthetic aperture radar 
(ISAR) images. It generates fully polarimetric ISAR images with 
the number and the positions of the scattering centers aligned in 
polarimetric channels, which allows for further polarimetric 
scattering characteristic analysis [1]. 

Another technique based on image segmentation, local 
polynomial Fourier transform (LPFT), and image contrast (IC) 
maximisation is used in order to extract the scattering centres and 
estimate their chirp rate [2]. 

A 3-D interferometric ISAR altitude image can be derived from 
two 2-D images reconstructed from the measurements by antennas 
at different altitudes [3]. A bistatic interferometric radar image is a 
sheared version of the projection of the target on the range-Doppler 
plane. Its configuration is developed to correct this distortion and to 
form 3-D image [4]. There are methods for accurate determination 
of the position of important radio-frequency scatterers by 
combining accurate knowledge of target position and orientation 
with specialized signal processing. For each type of ISAR plot 
technique, a corresponding interferometric ISAR (InSAR) 
technique is provided [5]. 

The feature space and the visual perception theory also can 
achieve an accurate and robust classification of ISAR images [6]. 

The 3D image can be considered as a set of 2D images retrieved 
from the 2D ISAR signal projections if the complex ISAR signal, 
reflected from the 3D target is obtained by four receivers, placed on 
the axes and origin of the coordinate system of observation. The 
image reconstruction procedure includes both range and azimuth 
compression [7]. 

In the inverse synthetic aperture radar (ISAR) autofocus signal 
processing linear frequency modulation (LFM) signals are used for 
image retrieving. The procedure is composed by range compression 
and azimuth compression using Fast Fourier Transform (FFT) [8]. 

 
2. Preconditions and means for resolving the 

problem. 
The signal processing is performed assuming arbitrary 

rectilinear movement of a target in the 3D coordinate system. The 
image processing is accomplished over the time record of ISAR 
signal returns. It can be summarized that the ISAR signal 

processing of LFM signal returns, reflected by the object with 
complicated form are implicitly based on the assumption of 
availability of well-isolated dominant scatterers and cannot work 
effectively in most practical case when these scatterers are missing 
[8]. The common 2D model of the aircraft will never be detailed 
enough for real analytic geometric approach. The experiment 
compares the difference in the images of the target retrieved from 
the ISAR signal return from 2D (figure 1) and 3D aircraft model 
(figure 2). The aircraft model and its arbitrary position in the local 
3D Cartesian coordinate system placed and the coordinate system of 
the ISAR system are shown on figure 3.  

 

 
 

Fig.1 2D model of an aircraft. 
 

 
 

Fig.2 3D model of an aircraft. 
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Fig. 3. ISAR 3-D observation coordinate system geometry and 

3-D model coordinate system geometry. 
 

R  is the latitude to the middle of the trajectory in the space, 
22 HRR proj −= is the distance to the middle of the trajectory 

projection on Oxy, H is the altitude of the target, β  is the azimuth  

angle of the target in Oxyz in 







2
Np moment, ε  is the elevation 

angle of the target in 







2
Np moment, γ  is the bank angle of the 

target in the Oxyz. The object’s space is moving rectilinearly with a 
constant vector velocity V in the 3D Cartesian coordinate system 
Oxyz where ϕ  is the Ox -  direction angle of velocity vector V, ϑ  
-  Oz - elevation angle of velocity vector V, ρ  is the Oy -  bank 
angle of the velocity vector V, point O'(O) is the location of the 

coordinate system O'xyz at the moment 





 =

2
Npp , which 

corresponds to the middle of the ISAR length; point O'(p) is the 
location of the coordinate system at the p-th moment. 

The components of the velocity vector V are: 
 

(1) 

;sin.
;sin.cos.
;cos.cos.

ϑ
ϕϑ
ϕϑ

VVz
VVy
VVx

=
=
=

 

 
The initial trajectory parameters of the target flight are:  

 

(2) 

;
;

;..
2

0

0

0
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VT
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p

=
=

=
 

 
The transformation between the target and ISAR separate 

coordinate systems are determined by the transformation matrix 
coefficients: 
 

(3) 
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Z
Y
X

aaa
aaa
aaa

V
V
V

pT
z
y
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z
y
x
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p

333231

232221

131211

0

0

0

 

where 000 ,, zyx are the coordinates of the mass center of the 
object in the moment 1=p . The components of the transformation 
matrix are presumed to be: 
 

(4)            

.cos
;sinsin
;cossin

;sincos
;coscoscossinsin

;sincoscoscossin
;sinsin

;coscossinsincos
;sincossincoscos

33

32

31

23

22

21

13

12

11

θ
ρθ
ρθ
θϕ

ρθϕρϕ
ρθϕρϕ

θϕ
ρθϕϕϕ

ρθϕρϕ

=
=
=
−=

+−=
+=

=
−−=
−=

a
a
a
a
a
a
a
a
a

 

 
The ISAR signal is a sum of pNp ,1=  LFM impulses: 

[ ],)(exp)( 2bttjAts s += ω where sA  is the ISAR signal’s 
amplitude. The sensitivity as a function of distance is determined by 

)2(2 F
cR
∆

=∆  where c is the electromagnetic waves speed.  

Each (m, n, h) point scatterer reflects the ISAR signal as  
 
(5) ( )[ ]2)()(expˆ mnhmnhmnhmnh tbtjAs ττω −+−=  

 
 

and Amnh is the amplitude of the signal reflected by (m, n, h) target 
point scatterer.  
For each transmitted impulse p  the time dwell t  of the ISAR 
signal return are retrieved values in the interval: 

Tt +≤≤ maxmin ττ . The complex trajectory signal is formed in 

discrete function as TlTkt ∆+∆+= minτ where 

)(,1,,1 pLlNk k == .  
Matrix of the complex trajectory signal is: 

(6) 
[ ]
( )
( )

∑∑∑
= = =











































−∆++

+−∆+

−

=
M

m

N

n

H

h

mnh

mnh

mnhmnh

pTkpb

pTkp
j

ptrectA

pkS
1 1 1 2

min

min ,

)()(

)()(
exp.

.)(

),(

ττ

ττω

τ

 
where pk NppLNk ,1;)(,1 =+= . 

It is assumed that the reflected signal is received and intensified, 
furthermore transformed on intermediate frequency, discretized and 
finally reorganized in digital. For every impulse reflected next step 
is multiplication of the elements of the complex matrix ),( pkS  by 
the ISAR signal: 
 
(7) ( )[ ] ,exp),(),( 2bttjpkSpkS +−= ω where: 
 

pkk NpLNkNkTkt ,1;)(,1;,1; =+==∆=  

The physical interpretation of that equation is linear frequency 
demodulation (LFDM). 

The frequencies mnhf for the p-th impulse are in dependence to 
the difference in time delay of the nearest point of the object and the 
time delay of the corresponding point (m, n, h) in the function: 
 

(8) ( ) ,)()(2
min pp

N
Ff mnh
k

mnh ττ −
∆

= where 
kN
F∆2 is constant. 

(9) 
c

pRp mnh
mnh

)(2)( =τ  

)( pmnhτ is the reflected signal by the scatterer (m, n, h). 
After implementation of discrete Fourier transform to the sum of 
harmonic signals )(kS  a result in the frequency area is produced. 
By this procedure a range compression of the trajectory signal is 
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executed. The Fast Fourier Transformation (FFT) results are shown 
on figure 4. 

Every column of the demodulated complex signal matrix is 
processed by compressing discrete Fast Fourier Transform: 
 

(10) ,)1)(1(2exp),(),(~

1







 −−−
=∑

= k
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i N
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where кNk ,1= , pNp ,1= .  

For the object’s geometry reconstruction a compression of the 
trajectory signal by cross-range is needed.  For trajectory signal 
azimuth discretion and complete image reconstruction the discrete 
Fast Fourier transform is used to the other dimension of ),(~ pkS  
matrix: 
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The isometric projection of each ),(
~~ pkS element’s absolute 

value reproduces the location and intensity of corresponding 
scatterer.  

 
3. Results and discussion. 
The models and simulation experiments presented in the paper 

are accomplished in MATLAB environment.  
The initial trajectory parameters of the flying object are: 

]/[600 smV = ,    







=

R
Rprojarccosε , 5000=H [m], 50000=R

[m] , 
2
πβ = , 0=γ , , 1010=f  [Hz] is the carrier frequency, 

610−=T  [s] is the time duration of every impulse in sequence.  
 

The process of trajectory evaluation is shown on figure 4. 

 
Fig. 4. Process of target trajectory simulation. 
 
During the first experiment a 2D target model is used. The real 

and imaginary components of the ),( pkS matrix of received echo 
signal are shown on figure 5a, 5b. The real and imaginary 
components of matrix ),( pkS of demodulated values are displayed 
on figure 5c, 5d.  

The absolute values of the First and Second Fast Fourier 
Transforms are shown on figure 5e, 5f.  

The final reconstructed image is presented on figure 5g 
(isometric projection), 5h (pseudo-color map). 

 

 
  (a)   (b) 
 

 
  (c)   (d) 
 

 
  (e)   (f) 
 
 

 
  (g)   (h) 
 

Fig. 5. Image reconstruction process of 2D target model. 
 

During the second experiment a 3D target model is used. The 
real and imaginary components of the ),( pkS matrix of received 
echo signal are shown on figure he case of image retrieving of the 
3D target simulation is depicted on figure 6a, 6b. The real and 
imaginary components of matrix ),( pkS of demodulated values are 
displayed on figure 6c, 6d. 
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The absolute values of the First and Second Fast Fourier 
Transforms are shown on figure 6e, 6f.  

The final reconstructed image is presented on figure 6g 
(isometric projection), 6h (pseudo-color map). 

 

 
(a) (b) 

 
 

 

 
  (c)   (d) 
 

 
  (e)   (f) 
 

 
  (g)   (h) 
 

Fig. 6. Image reconstruction process of 3D target model. 
 
 

 
4. Conclusion. 
Some of the 3D target model’s point scatterers are positioned to 

generate shadowing effect for another point scaterrers situated after 
them for the ISAR system’s transmitted signal. The shadowing 
effect is presented on figure 7 as missing details of the target’s 
wing. 

 
Fig. 7. The image retrieved by observation and analysis  

of a target with 3D geometry. 
 
Point scatterer’s shadowing effect during simulation with 3D 

model geometry is the reason more accurate and detailed image to 
be presented according both the ISAR system location and the space 
position of the flying object. 

The results of 3D target model ISAR observation can be used 
for subsequent image recognition implementations. 

 
5. Literature. 

1. Wei Qiu; Hongzhong Zhao; Jianxiong Zhou; Qiang Fu, 
“High-Resolution Fully Polarimetric ISAR Imaging Based on 
Compressive Sensing”, Geoscience and Remote Sensing, IEEE 
Transactions on  (Volume:52 ,  Issue: 10 ), 02 January 2014. 

2. Martorella M. , “Novel approach for ISAR image cross-
range scaling”, January 2008. 

3. Xiaojian Xu; Narayanan, R. M., “Three-dimensional 
interferometric ISAR imaging for target scattering diagnosis and 
modeling”, Image Processing, IEEE Transactions on  (Volume:10 ,  
Issue: 7 ), Jul 2001. 

4. Changzheng Ma; Tat Soon Yeo ; Qiang Guo ; Pingjun 
Wei, “Bistatic ISAR Imaging Incorporating Interferometric 3-D 
Imaging Technique”,Geoscience and Remote Sensing, IEEE 
Transactions on  (Volume:50 ,  Issue: 10 ), 12 March 2012. 

5. Given J. A.; Schmidt W. R., “Generalized ISAR-part II: 
interferometric techniques for three-dimensional location of 
scatterers”, Image Processing, IEEE Transactions on  (Volume:14,  
Issue: 11 ), Nov. 2005. 

6. Tang, N.; Gao, X.-Z. ; Li, X., “Target classification of 
ISAR images based on feature space optimisation of local non-
negative matrix factorization”, Signal Processing, IET  (Volume:6,  
Issue: 5 ), July 2012. 

7. Lazarov, A. D.; Minchev, C. N., “ISAR image 
reconstruction technique with stepped frequency modulation and 
multiple receivers”, Digital Avionics Systems Conference, 2005. 
DASC 2005. The 24th  (Volume:2 ), Nov. 2005. 

8. Lazarov A. D., Minchev Ch., “Spectral 2-D image 
reconstruction in ISAR with linear frequency modulated signal”, 
Position Location and Navigation Symposium, 2002 IEEE , 2002. 

27

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Wei%20Qiu.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Hongzhong%20Zhao.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Jianxiong%20Zhou.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Qiang%20Fu.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=36
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=36
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=6819879
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Martorella,%20M..QT.&searchWithin=p_Author_Ids:37272998800&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Xiaojian%20Xu.QT.&searchWithin=p_Author_Ids:37276823200&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Narayanan,%20R.M..QT.&searchWithin=p_Author_Ids:37270237800&newsearch=true
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=83
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=20138
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=36
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=36
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=6310102
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=83
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=32512
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Tang,%20N..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Gao,%20X.-Z..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Li,%20X..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=4159607
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=6297613
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Lazarov,%20A.D..QT.&searchWithin=p_Author_Ids:37267928200&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Minchev,%20C.N..QT.&searchWithin=p_Author_Ids:37267929400&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=10454
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=10454
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7835


PROCESSING OF INTERFERENCE-CORRUPTED SIGNALS IN CELLULAR 
RADIO SYSTEMS 

 
M.Sc. Nikolov, L. G.1, M.Sc. Kulev, N. Zh., PhD.1 

Faculty of “Artillery, Aircraft Defense and CIS” – Shumen, National Military University - V. Turnovo, Bulgaria 1 

linkonikolov@abv.bg, nz_kulev@abv.bg  

Abstract: Cellular radio communications operate in a severe radio environment. Multipath propagation, inter-channel, inter-symbol and 
Multiple Access interference, frequency selective fading and many others, contribute to system performance degradation. Contemporary 
techniques, such as zero-forcing equalization and sophisticated signal filtering, are used for interference cancellation. To observe the system 
performance, BER analysis is made in this paper. 
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1. Introduction. 
Cellular networks operate in different geographical areas. 

Crowded cities differ from plain fields as a matter of radio 
propagation. Multipath, high speed movement of terminals, close 
radio resource allocations and noise, are one of the causes for bad 
signal reception. In real cellular radio systems, the communication 
channel is with Additive White Gaussian noise and has time-
varying characteristics [1]. Multiple subscribers and multiple 
channels, operating simultaneously, cause Multiple-Access 
Interference (MAI), which is the limiting feature, downgrading the 
overall system capacity. Moreover, the distortive character of the 
radio environment spreads the transmitted data symbols in time, 
interfering with each other. This phenomenon is called Inter-
Symbol Interference (ISI). Changes in the propagation environment, 
e.g., due to mobility in wireless communications, introduce channel 
time variation, which could be very harmful [6]. Code division 
multiple access (CDMA) systems lead the popular multiple access 
schemes mainly due to their better multiple access characteristics, 
fading robustness and anti-interference capability. 

For increasing the data rate, in 3G and 4G the traffic is 
distributed among multiple orthogonal subcarriers and channel 
signals are divided by orthogonal variable functions (OVFs). The 
receiving signal consists of many fingers (up to 6), which typically 
have phase differences. This is the cause of errors in the received 
data. All the added components to the originally transmitted signal 
can be assumed as noise. The noise figure is statistically explored 
before the deployment of the system equipment.  

Communication engineers face the challenge of finding 
techniques for improving the error rate. Adaptive equalizers bring 
beneficial results to the signal processing at the radio receiver. 
Enhanced Rake-receivers are also in favor of multipath signal 
extractions.     

 
2. Mathematical models and equalization. 
Exploring the radio environment is the first step when 

deploying communication equipment. In the base station and the 
terminals, multi-user receivers are utilized. They require knowledge 
either of the dispersion of the mostly used user’s data sequence, or 
of a previously negotiated preparation (pilot) sequence. When 
neither exists, the extracting of information is called “blind 
multiuser detection” [3]. Channel Impulse and Frequency responses 
are the main characteristics of interest.  

 
Fig. 1 - Model of a time-invariant impulse response. 

 

Looking at a fixed time, one can distinguish between time-
invariant (TIV) and time-variant (TV) channels. It can be said that 
circumstances in a manner of movement (speed) of terminals, 
crowded RF spectrum usage, etc., imply time variation or non-
variation. 

The TIV channel is modeled by a finite impulse response (FIR) 
(see Fig. 1). The TV channel is modeled with a basis expansion 
model (BEM) (see Fig. 2), creating a BEM FIR channel. 

 
Fig. 2 - Model of a time-variant impulse response. 

 
In Figure 1, the transmitted signal x[n] (sampled at time n) is 

received as y(a)[n] with interference through the channel with L 
multiple delays (∆). The index term (a) here represents one of the 
A-1 possible transmitted signals. This is a representation of the 
multipath propagation and interference insertion. Each path has 
transfer characteristic h(a) and for the signal y(a) we have the 
mathematical model as follows:     

𝑦(𝑎)[𝑛] = �ℎ𝑙
(𝑎). 𝑥[𝑛 − 𝑙] + 𝑤(𝑎)

𝐿

𝑙=0

[𝑛] 

                  (1) 

 Multiple paths interfere with the adjacent symbols and cause 
fading. More signal paths with time delay ∆=L cause more 
interference. In (1) w(a)[n] represents the added White Gaussian 
noise with power spectral density σ=No/2. 

To fight against interference, equalization is performed at the 
receiver side. The optimum receivers employ Maximum Likelihood 
(ML) sequence estimation, Maximum A-posteriori Probability 
(MAP) rule for detection of symbols [1], or Zero-Forcing algorithm 
(ZF). The suboptimum receivers use the following major 
equalization techniques: 

• Block Linear Equalization (BLE); 
• Block Decision Feedback Equalization (BDFE); 
• Serial Linear Equalization (SLE); 
• Serial Decision Feedback Equalization (SDFE); 
• Frequency-Domain Linear EQ (FDLE); 
• Frequency-Domain Decision Feedback EQ (FDDFE). 

 
Block and serial equalization have decision feedback schemes 

described below. 
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Fig. 3 - Block decision feedback equalization. 

Here, in Fig. 3, 𝐻�(0) to 𝐻�(A-1) represents different symbols in a 
predefined block set from particular alphabet. 𝐻 ���is the data symbol 
matrix with full column rank. After the noise insertion (w), y(0) to 
y(A-1) appear as interference-corrupted signals. And F(0) to F(A-1) 
appear as noise corrupted received symbols from the predefined set. 
If noise (or interference) has caused the symbols chosen to be 
erroneous, a symbol error occurs. The number of occurred errors is 
estimated by the Bit Error Rate (BER). The BER characteristic 
describes system performance. For signal symbol error correction, 
different actions are taken [5]. One of it is to utilize a threshold and 
a feedback decision device (-B). The feedback algorithm equalizes 
erroneous amplitudes in the frequency spectrum, thereby the name 
Equalizer. The equalized and estimated symbol 𝒔� is mathematically 
represented as [6]: 

  

�̂� = �𝐹(𝑎)
𝐴−1

𝑎=0

.𝑦(𝑎) − 𝐵. �̂� = 

= ��𝐹(𝑎).𝐻�(𝑎)
𝐴−1

𝑎=0

� . 𝑠 − 𝐵. �̂� + �𝐹(𝑎).𝑤(𝑎)
𝐴−1

𝑎=0

 

        (2) 
 
Figure 4 presents a serial decision feedback equalizer consisting 

of a serial feedforward filters f(a)[n;ν] for the ath output and a serial 
feedback filter b[n;ν], in order to find an estimate of 𝑥�[n−d]. 

 
Fig. 4 - Serial decision feedback equalization. 

The so presented equalizer minimizes the Mean Square Error 
(MSE). The minimum mean square error (MMSE) solutions offer 
optimal balance between removing the ISI and noise enhancement, 
and computational complexity. On Figure 5 MMSE adaptive line 
enhancement is shown. The adaptive filtering is used to overcome 
the added unwanted noise. 

 

 
Fig. 5 - Noise corrupted signal enhancement. 

 

Peak signal distortion is also minimized with equalization 
techniques. Another of it is the Zero-Forcing Algorithm. The ZF 
solution is achieved by forcing the cross-correlation, between an 
error sequence and a desired information sequence, to be zero for 
shifts in the range of sample duration within symbol duration 
(0<n<K). Comparing the MMSE with the Zero Forcing (ZF) 
solution, the MMSE solution always leads to a better performance 
than the ZF solution. However, the existence of the ZF solution 
generally gives a good indication of the performance at high SNR. 

 
3. Interfered signals processing. 
A comparative study of interference cancellation algorithms 

(ICA) for DS-CDMA cellular systems shows that the Fast ICA 
algorithm is the best in extracting the unknown symbols, but it 
requires high computational complexity and exhibits slow 
convergence.  

In constant multipath signal delays, the Rake-receiver is 
employed. Rake-ICA is proposed, but this method relies on 
multipath delay time information of the desired user, which 
sometimes is difficult to be estimated. 

The interference corruption of the signal results in data transfer 
session rate degradation, or loss of voice communication for small 
amount of time. Using a signal spectrum analyzer, the interference 
in a TETRA radio signal is shown in Figure 6:  

  

  
Fig. 6 Left: interfered radio signal; right: non-interfered signal. 

 
The left side shows massive signal corruption, and the right side 

shows the same signal (in a different time, a few seconds late) 
affected only by several amount of AWG noise. If the presented 
interference is short and appear pretty occasionally (very rare), the 
channel is modeled as time-invariant and error correcting codes and 
bit interleaving schemes provide uninterrupted information flow. If 
such interference changes the radio environment constantly in a 
random manner, the channel is modeled as time-variant and receiver 
filter equalizers are used.  

 The Recursive Least Squares (RLS) algorithm adaptive filter 
uses a reference signal for input and a desired signal on one port to 
automatically match the filter response in a Noise Filter block. As it 
converges to the correct filter, the filtered noise should be 
completely subtracted from the "Signal+Noise" signal, and the 
"Error Signal" should contain only the original signal. 

 
Fig. 7 – Filter tap coefficients. 
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In Figure 7, simulation results for filter tap coefficients, with 
respect to time delay samples, are depicted. While on Figure 8, 
simulation results for noise interference cancellation, after several 
training sequences, is shown.  

 
Fig. 8 – Interference cancellation.   

 
An advanced technique in contrast with Least Mean Square 

(LMS) and Recursive Least Square (RLS) seems to be the proposed 
Laguerre Filter [4]. This algorithm performs well in the blind 
symbol estimation in DS-CDMA systems and outperforms other 
leading detectors. Results also show that Multiple Access 
Interference (MAI) can be mitigated well by the proposed method, 
thus improving the performance over conventional detection. 
Furthermore, the results show the proposed detector maintains the 
consistent improvement in the performance even though the number 
of symbols is decreased. 

Another contemporary technique is antenna diversity in 
receivers. The larger the number of receive antennas M, the smaller 
the probability that at some time all M channels are in a deep fade.  

 
4. Symbol processing and BER analysis. 
In the case of time-invariant channel, the frequency shift is 

accepted to be zero (fmax=0), and the equalizer taps are assumed to 
be three (L=3). A data bit block size of 64 is considered (N=64). 
This block size is large enough such for blind channel estimation 
and the overhead of the training symbols for training-based channel 
estimation does not decrease the data transmission rate. It is also the 
block size for the IEEE 802.11a and HIPERLAN/2 WLAN 
standards. On Figure 9 and 10 a comparison of block equalizers 
(BLE, BDFE) with frequency-domain equalizers (FDLE, FDDFE) 
for TIV channels is shown.  

 

 

Fig. 9 – Bit Error Rate for M=1 and P=1. 

                    
Fig. 10 – Bit Error Rate for M=2 and P=2. 

 On the figures, M is the number of transmission channels, 
and P is the number of parameters included in the channel 
characteristic. On Figure 11 and 12 a comparison of block and serial 
(SLE, SDFE) equalizers for TIV channels is shown. 

 
Fig. 11 - Bit Error Rate for M=1 and P=1. 

 
Fig. 12 - Bit Error Rate for M=2 and P=2.  

 
5. Conclusion. 
In the severe noisy radio environment advanced techniques help 

for the correct receiving of data while signals are interference-
corrupted. The studied serial and block filters achieve efficiency 
with low computational complexity, operating under multipath 
channel.  It is shown that the effect of AWGN, ISI and MAI is best 
eliminated with linear equalization. Implementing these equalizers 
in cellular systems seems to be an efficient alternative for the 
mobile cellular systems and for the evolutionary future generations.  

Channel estimation training sequences bring knowledge of the 
current channel condition, which enables the receiver to adjust the 
equalizer coefficients, enhancing the signal recognition and decision 
making. It can also be concluded that better the performance is 
achieved by utilizing large number (M) of transmit/receive 
antennas. On the other hand, Pre-Rake transmission leaves the 
processing power to base station rather than to the terminal.  

The automatic match to frequency response is not immediate 
after symbols signal reception, but after a small period of 
convergence time, the interference is shown to be cancelled.   
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Abstract: The survey of the digital image quality appears to pass through a man’s perception. This leads to a one’s own personal 
decision. To bring tests on the quality of video information, methods for digital image processing analyses are utilized. Correlation between 
subjective and objective assessment is explored in this paper. A special video sequences are projected and the subjective influence is 
compared with a well-founded image quality metrics. 
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1. Introduction. 
Data transfer systems nowadays process high definition (HD) 

pictures and 4K high quality video images. Different TV and 
monitor manufacturers offer extreme video experience. New light 
emitting displays allow users to view bright and contrast pictures 
like never before. Nevertheless, different people see different colors 
in their own way. And as a matter of video performance and image 
estimation, an allied quality metric should be applied.   

Before any video or image processing can commence, an image 
must be captured by a camera and converted into a manageable 
entity. This is the process known as image acquisition [7]. The 
image acquisition process consists of three steps; energy reflected 
from the object of interest, an optical system which focuses the 
energy and finally a sensor which measures the amount of energy. 

In the methodology of the experimental studies of the quality of      
digitally processed images, the conducting of the subjective analysis 
on these images is inseparable part of the developing of objective 
value for this rating. Multiscale analysis tools underlie many recent 
advances in key areas of signal and image processing, namely, 
approximation/representation, estimation, and compression.  

2. Image quality estimation. 
Image quality estimation in image processing can be broadly 

defined as the action of retrieving an image from some source, 
usually a hardware-based source, so it can be passed through 
whatever processes need to occur afterward [6]. Performing image 
acquisition in image processing is always the first step in the 
workflow sequence because, without an image, no processing is 
possible. The image that is acquired is completely unprocessed and 
is the result of whatever hardware was used to generate it, which 
can be very important in some fields to have a consistent baseline 
from which to work. One of the ultimate goals of this process is to 
have a source of input that operates within such controlled and 
measured guidelines that the same image can, if necessary, be 
nearly perfectly reproduced under the same conditions so 
anomalous factors are easier to locate and eliminate. 

Some of the explored video images in this research are 
suggested by the Video Quality Experts Group (VQEG). Others are 
taken by digital video camera and the rest are generated by 
software. Their origins cover almost all possible sources - 
referenced studio tests, animated video images, videos taken with 
amateur cameras, etc. 

On Figure 1 additions of subjective evaluation of test sequences 
of projections on objective metrics are shown.  

For all test sequences involved in subjective assessment, image 
quality is calculated, with few metrics: MOS (mean opinion score); 
PSNR (no relation between signal - noise); MSU-BM (MSU – 
Blocking Measure – assessment of blocking artifacts in MPEG); 
VQM (Video Quality Measure) and SSM (Structural Similarity 
Metric). This is necessary to determine the accuracy of the results. 

                     
 
 
 
 

 
  MOS  

 
(а)                                                  PNSR 

  
MOS 

 
(b)                                                      BM 

 
    MOS 

 
(c)                                                     VQM 

      MOS 

 
                        (d)                                                 MMS 

Fig 1. Objective metrics vs. subjective evaluations 
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In Figure 1, a) is dependence of MOS from PSNR, b) is 
dependence of MOS from BM, c) is dependence of MOS from 
VQM and d) is dependence of MOS from SSM  

Depending on subjective assessment is appropriate to consider 
these comparisons separately for each identity video image, but for 
convenience, here are presented on graphic. 

As seen in the graphs BM and VQM don’t accurately reflect 
subjective human perception. There are values with high level 
subjective quality, rated lower, than them and back. (Are shown 
dotted ellipses on fig 1).  

Although, PSNR, is statistical metric, gives better prediction of 
the subjective rate, although not achieved the required accuracy. 
Most objectively reflects the visual quality of the image 
compression SSM metrics, based on the structural similarity 
between the original and restored after compression picture. 

The most important thing to study the connection between the 
results of an objective rating of the deformation during compression 
[1] of the images and their perception of human sight is defining 
their correlation. This is done with the help approximating 
functions.  For the values of the objective rating to be compared 
correctly, their results are brought to aggregate scale. According to 
the described procedure in (1.3), the data is brought to the range of 
results of the visual study by an approximating function of the form: 
  

Oapr.= 1 / (1+ eg.0+d)  (1) 

Where: 
O - outcome results of objective rating; 

 Oapr. - objective data brought down to subjective results; 
g, d - parameters for setting of the approximating 

function; 
     The params g and α are taken in a way that they minimize the 
sum of the root mean square error between subjective results and 
Oapr. 

g, d : ∑ (Oapr. - S)2 → min               (2) 

Where: 
 S - data from subjective tests. 

       The received brought down objective results can be deemed as 
foretold subjective opinion provided by objective values. 
       On Figure 2, the dependences of the values of the subjective 
ratings, foretold by the viewed objective values, from the real 
subjective rating are displayed. The foretold rating is obtained with 
the help of the approximating function (1), and for the optimizing 
was used the software package "Statgraphics". 

MOS   

 

                                        (a) 

 
 
 
 
 
 
 

 
MOS 

 
                                       (b) 
 
MOS 

  
                                       (c) 

MOS 

 
                                               (d) 

Fig 2. Evaluation ratings ratio. 

 

These graphics allow visual rating of the quality of a foretelling 
of subjective rating or the work of the objective values.  

The closer to the diagonal are the dots placed, the more the 
correlation between the objective values and the visual quality is 
higher.  

 
3. Image quality results.  
Аs can be seen from the results shown graphically, in Fig. 2, 

assessment of the artifacts (BM) and VQM is not very effective in 
predicting subjective opinion. PSNR cope with this task fairly well, 
having in mind that a purely statistical methodology, unreported 
peculiarities of human vision. 

The most accurate metric to assess the quality of compressed 
followers proved SSM, which has been shown and statistical, 
calculated correlation coefficients between each objective metrics 
(after implementation of the approximated function) and subjective 
data. Value of the differences and the mean square error are given 
in Table 1.  
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Table 1. Values of correlation and the mean square error for 
various objective metrics. 

 
The numbers in the table demonstrate convincingly, that the 

results obtained by SSM metrics, have the highest correlation 
coefficient with the subjective results, obtained from visual tests. 
Respectively mean square error between objective and subjective 
results is the lowest in SSM. This proves once again, that the 
method of objective assessment of image quality, based on the 
structural deformations of compression, reflects full subjective 
perception. 
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Metrics Correlation σ = (O-S) σ = (O-S)2 
PSNR 0,814 -1,03 46,41 

BM  -0,447 -75,42 421,1 

VQM -0,719 -120,8 735,27 

SSM 0,921 -2,66 27,29 
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Abstract:The article considers theuse of manufacturing schemes of thermomechanical processing for production of various machine parts. 
Schemes of machines for wire and the sized steel introduced on the industrial enterprises are given. Machineswere developed by research 
teamheaded by Professor Oleg .I. Shavrin at Kalashnikov Izhevsk State Technical University. Comparison of the reached parameters for the 
developed technologies with basis technologies of thermal processing (typical for the given details) was presented. 
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1. Introduction  

Development of nanotechnologies in the world practice as 
innovative activity of scientists has become a new trend. 
Elaboration and development of nanotechnologies in manufacturing 
engineering is the most relevant and complex in implementation 
among various innovations in the sphere of nanoscale technology.  

At Kalashnikov Izhevsk State Technical University the 
advantage of nanotechnologies for manufacturing engineering 
products is based on implementation of forming substructure 
principles in structural steels in the result of thermomechanical 
processing (TMP)1. TMP is a well-known method of strain-stress 
and performance characteristics improvement due to forming 
submicrocrystalline (SMC) or ultra-fine grain structure in structural 
steels. A wide range of structures from dislocation structures of hot-
cold work or polygonization to partially recrystallized structures can 
be formed when forming alloy structure with increased density and 
corresponding distribution of structural irregularities resulting from 
plastic strains and its conditions. This range of structure variations 
ensures a set of improved steel properties, which depends on 
numerous factors affecting substructure dimensional parameters, 
and, consequently, the strength level. 
 
2. Background and problem solution methods 

 
During study the effect of subgrains on strength it was 

found that empirical dependence of Hall-Petch grain boundary 
strengthening valid for pure metal grain sizes without substructure 
is also valid for metals with developed substructure for subgrain 
sizes ranging from 0.05 µm (50 nm) to 70 µm and subgrain size is 
used in the formula instead of grain size (D1/2). The same was 
shown in works of Mark L. Berstein and other scientists when 
studying substructure forming in the process of HTMT for pattern 
alloys that retain austenitic state with characteristic of fine structure 
formed in the result of high temperature strain after cooling to room 

temperature [1, 2]. The results of these researches showed that 
polygonal subgrain boundaries could significantly contribute 
strengthening that exceeds strengthening due to grain boundaries 
and extra effect caused by subgrains surrounded by low-angle 
subgrain boundaries performing as obstacles to moving 
dislocations. Low-angle subgrain boundaries increase resistance to 
dislocation movements inside the crystal without corresponding 
changes in grain size. 

The effect of grain and subgrain boundaries on strength 
cannot be univocal. It will differ for brittle and ductile steel states, 
and for characteristics of small and large plastic strain resistance. In 
works of Alexander G. Rahshtadt it was decisively presented that 
resistance to small plastic strains (τelastic) is defined by subgrain 
sizes. 

Being subjected to working stresses below yield limit under 
cyclic loading, subgrains benefit to a more uniform implementation 
of microslip systems in metal while small-angle subgrain 
boundaries become a more effective obstacle to dislocation 
movement. These conditions reduce the hazard of critical clustering 
in the grain boundaries resulting in fatigue crack initiation. 
 
3. Resultsanddiscussion 

Research team headed by Dr.Sc., Professor Oleg I. Shavrin 
at Kalashnikov Izhevsk State Technical University developed 
experimental-industrial machines, matured technology and launched 
manufacturing of hardened spring wire 2.5 … 4.0 mm in diameter 
and sized rolled metal 15 … 26 mm in diameter made of low-alloy 
structural steel on the basis of research findings [3]. 

The developed typical technological process of TMP 
involves the following operations (manufacturing scheme): surface 
preparation of initial material, pre-strain induction heating higher 
than Ac3, strain holding, progressing cooling (quenching) and 
tempering. 

Hot shaping is performed: for wire – by drawing, for rolled 
metal by cross-helical drafting in deforming head. Designs of 
experimental-industrial machines for TMP accepted in production 
factories, given in Fig. 1 and Fig. 2. 

Machine represented in Fig.1 works as follows.  
A workpiece-rod 1 is progressively fed by charged rollers 2 

through induction coil 3 to deforming head 4. The deforming head 
grips the rod due to self-tightening in deforming rollers thus 
performing plastic strain to a required size (sizing). The sized part 
of the rod goes into sprayer 5 for cooling (to fix the structure). 
 

__________________________________ 
 
1Research is performed at FSBEI HPEKalashnikov Izhevsk State 
Technical University with state financial support on behalf of 
Ministry of Education and Science of the Russian Federation within 
Federal Targeted Program “Research and development of priority 
development fields of Russian science and technology sector for 
2014 - 2020”, unique identifier of applied research (project) 
isRFMEFI57714X0011. 
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Fig. 1. Design scheme of sized steel TMP machine 
1-workpiece, 2-chargedrollers, 3-induction coil, 4-deforming head, 5-sprayer, 6-axial movement drive. 

 
Fig.2.Design scheme of industrial wire TMP machine 
 
Moving further the rod is gripped by axial movement drive 

6 that prevents the sized rod that comes out of the charged rollers 
from rotation and, when the rod leaves the sprayer, passes it into 
conveyer (the device is not shown on the design scheme) on for 
further operation. 

Industrial machine shown in Fig. 2 consists of draw bench 
1, two induction coils 11 and 7 connected to loading circuit blocks 
10 and 8 of high-frequency units, die-box 5 with sprayer cooling 
device 4, wire heating induction coil 2 connected to high-frequency 
transformer 3, heat insulator 9, ingoing straightening unit 12 and 
drum 13. Wire heating temperature is controlled by a 
photopyrometer with optic head set right in front of the drawing die. 

Die-box and sprayer device are made bodily. Intensive wire 
cooling provides reliable (without rupture) wire drawing heated up 
to 920 … 1020°C. Hardened wire can be supplied in two ways: 1) 
high-tempered (Ttempering = 600 … 650°C) with ground or polished 
surface; 2) low-tempered without extra surface treatment. Both wire 
conditions can be used for spring manufacture under various 
technology options.  

A number of new results was obtained studying wire TMP 
[4]: 

- sizes of the obtained structural elements (polygonization, 
substructure and carbides) were less 100 nm; 

- substructural mechanisms of forming anisotropy in steels 
to resist small plastic strains and fabrication conditions 
of isotropic properties were determined; 

- the influence of part heating rate on strain value that 
provides maximum strengthening effect was 
determined; 

- the range of strain holdings providing forming of 
optimum substructure and stability of wire drawing 
without rupture was determined. 

TMP as a technology for controlled nanoscale structure 
forming in machine parts can be applied for: 
- tubular parts; 
- coil springs made of hardened by TMP wires and rods; 
- coil springs produced by small deformation 

thermomechanical processing (SDTMP); 
- thermal strain strengthening of cold-mill rolls; 
- various wear cylindrical parts. 

Requirements imposed on rolls of multi-roll mills are: high 
and uniform hardness (HRC 60 … 65) of body surface at a depth of 
not less than 3% from the radius, contact strength(σcontact→max), 
thermal fatigue strength, geometrical accuracy (cylindricity) and 
surface roughness (Ra≤0.32). 

Characteristic property of TMP manufacturing scheme for 
tubular parts is application of deforming tool - a mandrel to shape 
required high quality inner surface providing high quality operation 
for a specified type of parts. 

Manufacturing scheme for coiling springs of hardened wire 
and rods by means of TMP applies the inheritance effect and final 
thermal processing should not change nanoscale structure. 

High temperature hardening strain for TMP spring 
manufacturing is a rod bending strain when making a spring coil. 
Strain values (up to 20 %) in the surface layers of a spring coil are 
enough to form nanoscale-polygonised substructure. Nanoscale 
dimensions of substructure was determined by means of electron 
microscopic investigations. This process was called small 
deformation thermomechanical processing (SDTMP) [5]. 
Comparison of elastic components manufactured by SDTMP 
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produced by hot coiling technology with the aid of software 
ANSYS is presented in publication [6]. 

Comparison of the achieved parameters for the developed 
technologies with basic ways of thermal processing (conventional 
ones for the chosen parts) is shown in Table 1.  
 
Table 1. Comparison of the achieved parameters for the developed 
technologies with basic thermal processing technology 

 
 
4. Conclusion  
 
 Presented materials on application of TMP manufacturing 
schemes to produce machine parts and the results achieved allow 
making a conclusion about effective method to improve material 
properties. 

 The way of TMP application for nanoscale structure 
forming of machine parts proved its viability and showed 
considerable improvement of parameters in comparison with 
conventional technologies. 
 It is possible to produce different types of machine parts 
by application various TMP schemes. 
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Abstract: The paper is a part of wider research based on the system approach to the problem of modelling and calculations of bolted 
flange connections. With this approach it is possible to independent consideration of each system's element in order to find the best model of 
this element. The aim of this study is to develop a model of the single-bolted joint separated from the bolted flange connection. 

An analysis is conducted for the spider bolt model which is an equivalent model corresponding to the spatial bolt model. The key 
problem in the case of modelling bolts with the spider bolt model is adequate distribution of the preload on the bolt head. Accuracy of 
modelling bolts using the spider bolt model strongly depends on the way of this distribution. The effect of preload distribution in the spider 
bolt model on stiffness values of the element fastened in the bolted joint has been examined. The result of actions described in the paper is 
proposal distribution of the preload on nodes belonging to the bolt head which guarantees the best effects of spider bolt model application. 
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1. Introduction 
The primary task of the machine modelling phase is to find 

a compromise between the level of model simplification and the 
expected accuracy of modelling. This is particularly important for 
modelling complex systems with many elements being in a contact 
such as bolted connections [2, 8]. 

The bolted connection can be regarded as a system consisting of 
subsystems (which are the elements of the connection) [3]. In the 
case of the bolted flange connection (Fig. 1), these subsystems 
include: bolts, the flange element, the rigid support and the contact 
layer between joined elements. With this approach, each of these 
subsystems can be developed and modeled separately using 
different methods for modelling. 

Rigid support

Flange

Bolt

 
Fig. 1 Example of a bolted flange connection 

The most common method of modelling complex structures is 
currently the finite element method (FEM) [12]. In the papers 
[4, 6, 7] several different FE-models of bolts are presented, which 
can be used for modelling bolted flange connections. These include: 
- the no-bolt model, 
- plane models, 
- the coupled bolt model, 
- the rigid body bolt model, 
- the spider bolt model, 
- spatial bolt models. 

In the present study, the spider bolt model (SB model) is 
assumed as the model of the bolt. This is an equivalent model 
corresponding to the reference spatial bolt model (3DB model), 
which according to experimental tests deliver the best accurate 
results of modelling [11]. 

One of the fundamental aspects of modelling bolts with the SB 
model is adequate distribution of the preload on the bolt head. It has 
a significant impact on the accuracy of joint modelling. The aim of 

this study is to investigate the effect of preload distribution in the 
SB model on stiffness of the flange element fastened in the bolted 
joint. As a result of the research proposal distribution of the preload 
on nodes belonging to the bolt head which guarantees the best 
effects of SB model application is presented. All calculations were 
conducted with use of the Midas NFX 2014 finite element software. 

2. Models of the bolted joint 
The tests were performed on the example of a fragment of the 

bolted flange connection shown in Fig. 1. The considered joint 
consists of a deformable flange element mounted with a single bold 
M10 made in the mechanical property class 10.9 to a rigid support. 
Thickness of the flange element h is equal to 30 mm. The preload of 
the bolt Fm is equal to 17,2 kN and it was set down based on Polish 
Standard PN-EN 1591-1 [9]. The surface area of preload acting Am 
is equal to 69,75π mm2 and it was set down on the base of Polish 
Standard PN-EN ISO 7091 [10]. 

In the FEM-based models of the joint, occurrence of the contact 
layer between connected elements is omitted. For the construction 
of discrete models standard finite elements are used. The joined 
element model and the spatial bolt model are created with 3D finite 
elements. In contrast, in the SB model the plain part of the bolt and 
its head are modeled with use of beam elements but the total 
volume of beam elements for the head is assumed to be equal to the 
volume of the head of the bolt in the 3DB model. Developed 
discrete models of the bolted joint are shown respectively in Fig. 2 
and Fig. 3. 

 
Fig. 2 Bolted joint with the spider bolt model 

 

Methods of models loading are shown in Fig. 4. In this figure 
the following new designations are used: 
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Fh – part of the preload Fm applied to the head of the bolt, 
Fp – part of the preload Fm applied to the plain part of the bolt. 

 
Fig. 3 Bolted joint with the spatial bolt model 

 

Between Fh, Fp and Fm occur the following dependences 

phm FFF +=  (1) 

mh FF ⋅= α  (2) 

mp FF ⋅= β  (3) 

where α – constant of load proportionality for the head of the bolt, 
β – constant of load proportionality for the plain part of the bolt 
(wherein α + β = 1). 

a) b) 

Fh
Fp

Fm

 
Fig. 4 Scheme of bolted joint loading: a) in the case of the SB model, b) in 
the case of the 3DB model 

3. Results of bolted joint calculations 
Treating the bolt as a linear element, its stiffness kb can be 

easily and correctly determined as inverse of elastic flexibility eb 

b
b e

k 1
=  (4) 

Elastic flexibility eb is the sum of elastic flexibility of individual 
fragments of the bolts ebi 

∑=
i

bib ee  (5) 

Elastic flexibility ebi can be calculated with use of the Hooke's 
law [1] converted into the form 

i

i
bi l

AEe ⋅
=  (6) 

where Ε – modulus of elasticity, Ai – cross-sectional area of the i-th 
bolt's fragment, li – length of the i-th bolt's fragment. 

There is no simple formulas for calculating stiffness of the 
joined flange element kf,j. To designate it the most frequently the 
finite element method is used. Then stiffness of the joined flange 
element can be defined based on the relationship (for a review, see 
[5]) 

sum

m
jf

Fk
δ

=,  (7) 

where δsum – average normal displacement of nodes lying in the 
surface area Am under the action of the preload Fm, j – symbol of the 
model of the joint, j = {SB, 3DB}. 

Stiffness values of the joined flange element for both models 
are given in Table 1. 

Table 1: Stiffness of the joined flange element as a function of the bolt load 

α β 
kf,SB 

[MN/mm] 
kf,3DB 

[MN/mm] 

1,0 0 2,22 

2,90 

0,9 0,1 2,47 
0,85 0,15 2,61 
0,8 0,2 2,78 

0,75 0,25 2,96 
0,7 0,3 3,18 
0,6 0,4 3,70 

The relative difference between the kf,SB and kf,3DB values can be 
analyzed on the basis of the W index 

100
3,

3,, ⋅
−

=
DBf

DBfSBf

k
kk

W  (8) 

Calculated W index values are summarized in Table 2. Based on 
these results it can be concluded that the 3DB model in the best way 
may be replaced by the SB model, when 

( )43 ÷∈
β
α  (9) 

Table 2: W index values as a function of the bolt load 

α β 
W 

[%] 

1,0 0 -23,45 
0,9 0,1 -14,95 

0,85 0,15 -9,94 
0,8 0,2 -4,31 

0,75 0,25 2,06 
0,7 0,3 9,35 
0,6 0,4 27,58 

4. Conclusions 
In the paper an analysis of the bolted flange connection for 

named models created with use of the finite element method was 
carried out. Two types of the connection were examined: with a bolt 
modeled using spatial elements and with a bolt modeled as the 
spider bolt model. It has been shown that the spider bolt model can 
be successfully applied as a substitute model for the reference 
spatial model by adopting the appropriate preload distribution. 

Investigations of bolted flange connections are often conducted 
in the aspect of the selected problems. Then knowledge of the 
distribution of stress and strain levels in all elements of the 
connection is not needed. In the case of FEM analysis of stiffness of 
bolted flange connections, it is better to use simplified models of 
bolts and bolted flange connections, as demonstrated in this paper. 
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Abstract:  The non-linear ship capsize equation derived by Thompson et al., that incorporates both direct and parametric excitation, is 
examined numerically in an attempt to deepen our understanding on the influence of the parameters involved in the final ship’s response. 
Because our interest is focused on the binary outcome of capsize-non-capsize, no remark of the steady-state onto which a non-capsize motion 
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frequency and ship’s natural frequency, and the direct and parametric forcing amplitudes. All the computed boundaries between capsizing 
and non-capsizing regions in bi-dimensional projections of control parameter space show fractal features. 

Keywords: TRANSIENT SHIP CAPSIZE, BEAM SEA, FRACTAL BOUNDARY, PARAMETRIC STUDY 

 

1. Introduction 
Capsizing or keeling over is that catastrophic situation in which 

a ship is turned on its side. It is responsible every year for a lot of 
material damages and losses of human lives. To prevent such 
events, a better understanding of ship stability is necessary. 

The nonlinear behavior of ship motion leading to capsize has 
been extensively studied in the last three decades by many 
researchers using mathematical models in conjunction with 
theoretical developments in the dynamics of nonlinear systems. 
Thus, Thompson thought ship capsizing as an escape from a 
potential well and introduced innovative concepts like transient 
capsize diagram and index of capsizability [1]. Other authors, 
including Sanchez and Nayfeh [2], Kan and Taguchi [3] etc., 
focused on understanding fundamental mechanisms of capsizing 
with rather simplified mathematical modelling [4, 5]. Multi-degree-
of-freedom models have been proposed by Spyrou [6], Vassalos et 
al. [7], and Oh et al. [8]. Experimental investigations were made by 
Bird and Odibasi [9], Umeda et al. [10], Hamamoto et al. [11], and 
others. .  

Both theoretical and experimental studies have identified 
several physical mechanisms of ship capsize, including pure 
resonant rolling, parametric excitation, broaching, and loss of 
stability at a wave crest. It was emphasized the fact that more 
attention should be pay to capsize under transient, rather than 
steady-state conditions. This situation corresponds to a short train of 
regular waves impinging upon the ship in otherwise relatively calm 
weather conditions. Dangerous large-amplitude motions and, 
finally, capsizing can appear when the ship is hit by no more than 8 
– 10 sufficiently steep waves [12].  

In the paper, we concentrate on the archetypal single degree of 
freedom oscillator used by Thompson et al. to model the ship 
capsize under direct and parametric wave excitation. The model 
assumes a linear damping and a restoring moment curve represented 
by a second order polynomial. Besides direct forcing, derived from 
the rotational acceleration of the wave normal, the model equation 
includes the parametric excitation, generated by the fluctuating 
gravitational field [13]. The parameters space is four-dimensional 
and has as components the non-dimensional damping coefficient, 
the ratio between wave frequency and ship’s natural frequency, and 
the direct and parametric forcing amplitudes. 

We content ourselves here with an extended numerical 
investigation on the role played by each of these parameters on 
transient ship capsize. We will not make any reference to the long 
term behavior of ship, this issue being studied in a companion paper 
[14].  

2. Capsize equation  
In present work, the following non-linear second-order 

differential equation derived by Thompson et al. is numerically 

investigated in an attempt to understand the effect on ship capsizing 
of every parameter involved: 

(1)                ( )( ) tFtGxxxx ωωβ sincos12 =+−++
•••

 

        Here, x is the ratio between roll angle and the angle of 
vanishing stability, β  is the linear damping coefficient, ω  the ratio 
between wave frequency and ship’s natural frequency, while G and 
F stand for direct and parametric forcing amplitudes, respectively. 
A dot denotes differentiation with respect to non-dimensional time 
t. The derivation of Eq. 1 can be found in [13].  

        In the paper, a special attention was paid to the range of 
possible magnitudes and signs for the amplitudes F and G. Thus, if 
the wind and wave acting on the ship travel in the same direction, 
then F and G have the same sign, while if the wind and wave travel 
in opposite directions, G and F have different signs. If the wave 
propagates to the right then F is negative, while the sign must be 
considered positive if the direction of wave propagation is to the 
left. Finally, 1/ ≅GF  if the ship sails in deep water, 1/ <GF  for 
oblique waves, and 1/ >GF  for shallow water. 

       In [14], the periodic solution of Eq.1, describing the long term 
ship behavior, were approximated by using Fast Fourier Transform 
and Harmonic Balance Technique. As we have already pointed out, 
in the next section the transient behavior will be subject to our 
analysis. 

3. Parametric studies on capsize equation 
       Experimental studies and data from the reported capsizing 
conducted to the conclusion that the worst-case scenario and, in the 
same time, a more realistic representation of a sea state consists in a 
short sequence of no more than ten steep waves hitting the ship and 
not in a long pulse of regular waves. In conclusion, the transient 
response is essential for the analyses problem. If capsize not occur 
within 8 – 10 cycles of forcing than it is unlikely to appear in the 
following cycles. 
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Fig. 1 The phase trajectory of a) a non-capsizing oscillation; b) a capsizing 
oscillation, for FG 5,9.0,1.0 === ωβ  and 1.0=F , respective 15.0=F  

       To verify this assumption, equation (1) has been numerically 
integrated by use of a fourth order Runge – Kutta - Gill procedure 
with constant step, starting with zero initial conditions, and for a 
time interval equal with ten cycles of the forcing (having period 
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ωπ /2=T ). For a specified set of parameters G,,ωβ , and 
variable F, the system (1) evolves to a limit cycle for small forcing 
amplitude F or goes out in the phase plane, like a spiral with 
extending amplitude, for sufficiently large values of F. The second 
case corresponds to capsize (see Fig. 1). 

3.1. Influence of the ratio of the forcing magnitudes on 
capsizing 

      We tested first the effect of ratio G/F on the ship capsizing. 
The parameters  β  and G/F were maintained fixed, while ω  and F 
were slowly increased as follows. For a given ω  between 0.4 and 

2.0, F =0.0 and equilibrium conditions, 0)0()0( ==
•
xx , equation 

(1) has been integrated for the time interval ]10,0[ T . If at the end 
of this process the solution does not diverge, then the pair 

)0,(),( ωω =F  is classified as safe and a small black rectangle is 
drawn around it in the parameter plane ).,( Fω  Otherwise, the 
rectangle is colored in white. If the pair is safe, F is increased by a 
small amount F∆ , and the procedure is repeated. When the 
solution diverge to infinity, a small amount ω∆  is added to ω  and 
F is reset to zero. By continuing this algorithm until ω  becomes 
2.0, a diagram like in Fig. 2 is obtained. The pairs ),( Fω  in Fig. 2 
were selected from a vast set having 201201×  equally spaced 
elements. 

Fig. 2 allows us to draw at least three observations. First, it 
should be noted that, whatever the ratio G/F is considered, the most 
dangerous area for capsizing is that explored by Thompson et al., 
i.e. the range of frequencies near resonance, 0.18.0 ≤≤ω . For 
frequencies far from resonance ( 5.1>ω ), the forcing amplitudes 
for capsizing are ten times larger. 
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(e)          (f) 

Fig. 2 Examples of ),( Fω  parameter control planes for 1.0=β  and 
various relationships between forcing amplitudes: a) 2.0/ =FG ; b) 

1/ =FG ; c) 5/ =FG ; d) 5/ −=FG ; e) 1/ −=FG ; f) 5/ −=FG  

Second, for large ω  the danger of capsizing is lower for 
shallow waters ( 1/ <FG ) than for deep waters ( 1/ ≅FG )  or 
oblique waves ( 1/ >FG ). Third, boundaries between capsizing and 
non-capsizing regions show fractal shapes. 

These conclusions are more clearly shown in Fig. 3, where the 
parameter plane (G, F) is presented for fixed ω  values near and far 
from resonance. 
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Fig. 3 Parameter plane (G, F) for 1.0=β  and a) 9.0=ω ; b) 8.1=ω  

 

3.2. Influence of the damping on capsizing 

Let now clarify how the damping affects the capsize 
phenomenon. To do this, the response of the system (1) has been 
investigated in the parameter plane ),( Fω  for the fixed ratio G/F = 
5, and different damping coefficients β . Some of our results are 
displayed in Fig. 4 (see also Fig. 2(c)). As expected, as β  
increases, the system resists better to the external stimuli, in that the 
forcing amplitudes for capsizing are moving to higher values. The 
most sensitive area continues to remain that near the resonance. 
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called basins of attraction (formed by all initial conditions that do 
not lead to capsize). Here, we consider two sets of initial conditions, 
namely (0, 0) and (- 0.3, 0), and integrate equation (1) for ten cycles 
of forcing, 1.0=β , { }8.1,9.0∈ω , and different G and F. If both 
initial conditions are safe, a black rectangle is drawn in (G, F) plane 
around the considered pair of forcing amplitudes. If only first set is 
safe, the rectangle is colored in red, while it is colored in grey if the 
second set is safe. For unsafe pairs, the rectangle remains white. 
Our findings are shown in Fig. 6. It seems that initial conditions 
significantly affect the safe area, especially at the boundary with 
unsafe area. 
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Fig. 6 Influence of the initial conditions on capsizing. Examples of ),( FG  
parameter control planes for 1.0=β and different non-dimensional 
frequencies: a) 9.0=ω ; b) 8.1=ω  
 

3.4. Influence of the transient length on capsizing 

In all the numerical simulations described above we considered 
the transient motion of no more than ten cycles of the forcing. If 
capsizing not occur within this time period then it is likely that it 
will not occur in the next cycles. The last numerical results we 
report in the paper refer just to this assumption. Equation (1) was 
numerically integrated with zero initial conditions for the same sets 
of system parameters as given in the previous sub-section. This 
time, the integration was done for 10, respectively 30, cycles of 
forcing, and the obtained results were compared. Fig. 7 shows our 
results. The black small rectangles correspond to those pairs (G, F) 
that remain safe for 30 cycles, while the red ones are for those pairs 
that are safe for 10 cycles but unsafe for 30 cycles. Again, the 
difference occurs only in the border area between capsizing and 
non-capsizing regions and the percentage of red rectangles is small 
compared to that of black ones (less than 5 %).  
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Abstract: Car industry is one of the first industries that started using computers in the designing process. A replacement of a 
conventional designing process has been a long-lasting procedure, especially regarding collaboration. In addition to the necessity for 
designers’ training and changes in the way of thinking, considerable investments were needed as well. The ambitious goals were not 
accomplished after all, since the entire process had been conditioned by a large number of participants at various development levels.  In 
this paper, the differences between the conventional designing, designing by computers and virtual designing are presented. A new model 
was produced, without manufacture of classic prototypes which were replaced by vehicles from the test production. There are the upcoming 
analyses of the effects, which will certainly influence further development of the designing process. 
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1. Introduction 
Car industry was one of the first industries that started using 
computers in the designing process. It has been a very long 
procedure, with transition phases and necessity for maintaining the 
conventional designing in transition period. The situation and 
possibilities for collaboration, especially regarding smaller 
suppliers, have been the additional complication. In the beginning 
of the car designing process, the computer was mainly used for 
designing of a car body, interior and exterior parts, which was the 
consequence of a very complicated classic designing process, so the 
application of the computer contributed to a considerable shortening 
of time of designing; using the example of a car body, this is 
accomplished: 

•  By analysis of several versions of the carrying construction in the 
initial designing phase. Based on calculation results, several 
versions are selected and the most favourable among them 
undergoes further optimization. 
•  By designing a car body on the computer, manufacture of a 
prototypes batch can be reduced, which considerably reduces the 
costs of sending a new vehicle model into the production. 
•  By rapid analysis of effects of new materials application. 
•  By a public display of activities related to this area, which will 
contribute to improvement of the image of the company, which is 
increasingly more used for marketing etc.. 

2. Conventional designing method 
A project task is defined according to the market demands. This part 
of preparatory activities all the way to project task defining is the 
same for all designing methods. When designing a new model, i.e. 
car body, it is necessary to carry out a lot of preparatory activities 
before a project task is defined. One of the most important activities 
is market research, as well as analysis of production initiation. Fig.1 
shows a stylistic study of the exterior and study of the interior of a 
vehicle, based on which analysis of market was performed. 

 
 

Fig. 1 Study of exterior and interior of the vehicle 

  
Fig. 2 Stylistic models 

After that, in conventional designing several plaster models are 
made in proportions 1:5, see fig. 2. After several proposals are 
observed, two models are adopted, which are then made out of 
gypsum in proportion 1:1, see fig. 2. Model of vehicle interior, with 
completely defined interior regarding style, is also realized in 
proportion 1:1. After presentations, considerations and 
acknowledgment of comments, model 1:1 is adjusted, i.e. a final 
version is made, with controlled dimensions and finishing paint. 
Model has the form of the vehicle. After that, the model undergoes 
final investigations in aero tunnel, see fig. 3. 

 
 

Fig. 3 Investigations 

After the decision is made to accept one model, designing of 
carrying construction of a car body starts. It is necessary to define 
the positions of all the supports and to propose the shape of their 
cross sections and inter connections applying the concepts used on 
previous models and used by competitors. Lately, major attention is 
given to the protection of space for passengers, where car body 
plays one of the major roles. Most decisions made at this time are 
based on experience acquired by participation in previous concepts 
and constructions, subjective grades and similarities with already 
existing constructions. Only after execution of such an analysis can 
the presented stylistic model be accepted, construction of car body 
initiated and, later, a certain number of prototypes made. In the 
following cycle, car body prototypes are subjected to laboratory 
investigations, first, and then to travel investigations, both 
individually and as parts of vehicle. One of the first investigations 
of a car body, performed in laboratory conditions, is bending and 
torsion static investigation of car body, see fig. 3. Laboratory 
investigations which are implemented can be related to 
investigation of a car body behaviour, connections of movable car 
body parts, connections of elements which are attached to a car 
body, adjustment to regulations etc. In addition to car body 
investigations, these parts are also investigated individually. Based 
on previous experience and legal regulations valid at the period of 
designing, i.e. production initiation, critical points are modified. 
After that, a new batch of prototypes is made. The investigation 
cycle is repeated on the new batch of modified prototypes. 
Construction documentation is modified, if necessary, based on 
results of repeated investigations. In the last part, homologation, i.e. 
verification of the accepted model is needed, for which a master 
(clay) model is made. Car body is assembled on assembly line and 
painted on painting line, fig. 4. The operations are mainly 
performed manually. At the same time, painting of plastic parts is 
organized, on car body painting line or parallel to this line. 
Assembling of vehicle is organized on assembly line. It is done 
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manually, where equipment for assembling is defined on special 
points. Conventional concept reflects the accomplished 
technological level at the preparatory period and is adjusted to the 
size of batch and need to employ a large number of workers in the 
overall process. 

  
Fig. 4 Car body assembly line and painting line 

3. Car body designing by using a computer 

The process of designing of passenger car body by using a 
computer is very different from a classic designing method [1]. 

  
Fig. 5 Definition of exterior style and model of exterior surfaces 

The differences in the designing method can be observed at the very 
beginning of the process of defining large surfaces of exterior or 
interior parts. Already in this phase the stylist is able to simulate the 
behaviour of vehicle in the aero tunnel and to eliminate the weak 
points which influence the definition. In computer designing, the 
stylist has the opportunity to facilitate the job for the constructors 
significantly and to facilitate the manufacture of prototypes by 
defining style (of the exterior or interior). 

 

 

Fig. 6 Defining of the carrying construction 

 

 

Fig. 7 Defining of the overall car body construction 

The advantage of such designing is the possibility to analyze the 
main and alternative concepts in a short time, in the initial designing 
phase. Based on results of comparative analysis, we can eliminate 
unfavourable concepts already in the initial phase. The results and 
reliability of the analysis depend on accuracy and possibilities of the 
selected programme, mathematical model quality and the 
knowledge of the analyst. In the first few analyses we can already 
determine the concentrated strain points and, if needed, the 

necessary modifications of the observed model can be performed 
quickly, in order to obtain the most favourable distribution of 
strains and movements on carrying construction elements. After the 
analysis, an optimized carrying construction is obtained, fig. 6. 
After that, the constructors define the car body, see fig. 7. In this 
designing phase, reduction of the total car body designing time 
can be influenced considerably, because manufacture of the 
first batch of prototypes can be avoided, which is necessary in 
classic designing. This is achieved by simultaneous work of 
stylists, calculators and constructors, the results of which is an 
optimized construction. After that, a batch of prototypes is made 
and the further procedure is the same as for conventional designing. 
The greatest progress is achieved in the manufacture of prototypes, 
which contributes to a considerable reduction of total designing 
time. All the models are made on numerical machines, where the 
results of previous designing are used, especially in manufacture of 
large surfaces. Quite often, with the aim of rapid comprehension of 
designing effects, polyurethanes of small hardness, easily formed, 
are applied. In that way style or construction can be tested or 
perceived. In addition to that, new methods for prototypes 
manufacture have been developed (rapid prototyping etc.), due to 
which testing of dimensions is easily performed, and functional 
testing can also be realized if better materials are applied. Due to 
the introduction of new technologies, there is no longer a problem 
of negative angles, complicated geometry and similar, due to the 
previous testing of their assembling. Defined shapes of parts on the 
computer can be used for manufacture of models, prototype parts or 
tools for prototype parts manufacture, and also later on, for 
manufacture of small batches. 

 
 

Fig. 8 Significantly improved technology of prototypes 

After the manufacture of prototypes, investigations are performed. 
The investigation procedure is the same as for conventional 
designing, except that it is realized with improved methods and on 
innovated equipment. Investigation methods must be constantly 
improved since the valid regulations are getting stricter all the time, 
as well as market requirements. One part of investigations is 
transferred to collaboration, while the grading tests are realized at 
the finalist’s. 

 
Fig. 9 Innovated investigation desks with significantly improved 
investigation methodologies 

Nowadays, it is unthinkable to manufacture a large batch of car 
bodies without using a robot.  Initially, the robots were used for spot 
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welding of sensitive points and points that were hard to reach. After 
that, the application was expanded to assembling of major 
connections and final assembling of a car body. At the present time, 
mainly the whole lines for car body assembling are robotized.  For 
points with laser welding, robots were applied even earlier. There is 
a constant request for the reduction of these welding points. Even 
for car bodies assembled in this way, additional finishing is 
necessary, which is still manual. Production without errors is still 
only a goal. 

 
Fig.10 Application of robots in car body assembling 

 
Fig.11 Laser control of car body on line 

 
Fig.12 Robotized painting of a car body 

In recent times, structural adhesives are increasingly more used for 
connecting of car body parts. For initiation of such a method for 
connecting of car body parts, it is necessary to change the existing 
connecting technology completely, with obligatory preservation of 
very strict production conditions. Regarding the improvement of 
production quality, the conditions for control of finished car body 
and for introduction of laser control on the car body assembly line 
itself were enhanced, see fig. 11. This control is more important 
from the aspect of parts installation in the assembling process in 
which robots are used. Painting of a car body is being given more 

and more attention with the purpose of getting as good appearance 
as possible and reducing errors to zero. Painting of a car body is 
mainly robotized, see fig. 12. 
The process of vehicles assembling can be organized in various 
ways, depending on the producer. Fig. 13 shows the typical 
assembly line, where the process has been improved in the sense of 
better logistics and application of modern manual assembling tools. 
Introduction of new technologies, such as glass bonding, requires 
the change of assembling process which is realized on that work 
place. The application of a manipulator is frequent and the same 
ones are used for assembling of large and heavy sets (instrument 
panels, doors...). Robots are also used in the assembling process, for 
more complex operations and in large batches. 

 
Fig.13 Assembly line 

4. Virtual designing 
Car industry had a plan to eliminate the manufacture of prototypes 
batch by using virtual designing and to go to production directly 
after the computer. What were the reasons for such optimistic 
expectations? The application of powerful computers, softwares for 
various purposes in the designing process as well as behaviour 
simulations were the causes for such expectations. The advantages 
of virtual designing are that the weak points on the construction are 
easily detected, e.g. contact points, see fig. 14. The detected point is 
either eliminated by modifying the construction or the conditions 
for undisturbed functioning are created. 

 
Fig.14 Modelling of the surrounding (car body) 

Big producers are leaving aggregates designing to collaborators 
nowadays. Conditions for installing are defined by the finalist. A 
collaborator is responsible for the success of his/her construction, 
such as fulfilment of valid regulations, elimination of all the errors 
in the batch and a guarantee period. The goal of each collaborator is 
to have his/her construction used in the first installing by which 
he/she acquires a reference, secure income and profit from the spare 
part. Along with the construction, calculations, i.e. simulations of 
certain processes, important for good operating of the vehicle, are 
realized, fig. 15. All technology departments are directly included in 
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the development process (manufacture of parts, safety, assembling, 
installing, quality, lifetime). Fig. 16 shows the simulation of the 
installation process, i.e. ergonomic studies at this work place. 

 
Fig 15. Simulation of seat frame behaviour 

 
Fig.16 3D model 

In this phase of the project, verification of technologic properties of 
the car part is necessary, as well as the construction of tools needed 
for manufacture of the car part. In addition to that, conditions of car 
part manufacture are simulated, especially for plastic parts, i.e. 
flowing process is simulated. Due to the stimulation of parts 
manufacture, it is possible to eliminate possible problems in this 
phase, i.e. to eliminate finishing works on the tool which could 
consume a lot of time. 
Car industry strives to the production without the defective parts. 
For those reasons, the system of quality is getting increasingly 
greater attention. Advanced softwares are extremely useful in this 
process. 
Company FIAT, as one of the leading companies worldwide, was 
the first to introduce a single model into a batch production (vehicle 
Fiat 500L), without manufacturing a batch of prototypes necessary 
for developmental investigations and project verification. 
By the initiation of the production of model Fiat 500L, the new era 
in the batch car production began – introduction of the new model 
into the production without manufacturing a batch of prototypes. 
In 2007, company FIAT started the production of model Fiat 500, 
and in 2012 the production of model Fiat 500L started. In 2013 a 
new model with seven seats was promoted, Fiat 500L trekking, a 
partially off-road vehicle. 
The mark of both cars (500, 500L) indicates that these are two 
mutually connected models of vehicle, i.e. that model 500L was 
developed out of model 500. 
For vehicle 500L, a concept of virtual designing was applied. 
According to information from company FAS site, the cancellation 
of batch of prototypes was accomplished due to: 

● new architecture "Small Wide" 
● thousands of hours of virtual simulations 
● 200 tests of components and subsystems 
● > 100 impact simulations 

● > 100 impact tests. 
It was not specified which subsystem tests were carried out and 
which were related to a car body, and in which phase of car body 
assembling. Over a hundred simulations of impact tests and a good 
basic vehicle were not sufficient to reduce the number of impact 
tests, which caused prolongation of the initiation of the production 
of the vehicle, modifications of the vehicle and increase of costs. 
In the applied concept, the main project was handled by the finalist 
– starting with style, 3D forming, creation of a research, all the way 
to calculation and process simulation. The entire process was 
realized on the computer, by application of modern designing 
packages. The process was simplified by the fact that the data from 
project Fiat 500 were used (modified platform, developed and tested 
engine compartment etc.). In addition to all these advantages, over 
1000 virtual simulations necessary in this phase of the project were 
realized. The processes of all simulations were probably shortened 
considerably, since no major problems were to be expected. 
A modern designing process implies a complete responsibility of 
the finalist for the definition of the vehicle platform. 

5. Conclusions 
A new era began in the designing and development of vehicles – 
production initiation without a classic vehicle. Vehicle prototype 
was replaced by a test batch vehicle. Such a procedure probably 
shortens the time of new model initiation and reduces the 
development costs. Responsibility of the finalist is partly transferred 
to other participants in the production process (components 
producers, equipment producers etc.). In the following period, 
greater centralization of the development can be expected for some 
finalists. 
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Abstract: This paper is devoted to traffic safety and environmental protection in Serbia. Unfortunately the level of air pollution i.e. 
the level of emission of carbon dioxide in the world is still raising. Additional actions are needed in order to limit the effect of climate 
changes in the following years. People ask why electric vehicles aren’t main-stream? It seems that price has a lot to do with it. The Road 
Traffic Safety Agency with its systematic and responsible activities set clear guidelines for the monitoring and improvement of road safety in 
Serbia. In the Republic of Serbia from 1981 till 2013 in the traffic accidents 41.718 persons were killed. In the same period 632.936 persons 
were seriously injured. Republic of Serbia on the 16th of November 2011 began to commemorate the World’s Day of memory on victims in 
the traffic accidents. Law on road traffic safety came into effect in the Republic of Serbia in 2009. and brought many changes in our legal 
order. Majority of those changes meant harmonization with European Union regulation in the area of traffic safety. Changes made by the 
new Law on infractions (“Officaial Gazette of the Republic of Serbia“, no. 65/13) in application from March the 1st 2014. show the increase 
of penalties for unscrupulous drivers, but drivers complain on to many regulations and difficulties to get documents for motor vehicle use. In 
this paper there are mentioned the most efficient hybrids we can buy today. In Serbia “FIAT automobiles of Serbia” is still the leading 
exporter on the list of 15 biggest Serbian exporters, according to the data of the Serbian Ministry of Finances. In April 2015 at New York 
Auto Show will be possible to see all new accomplishments in auto-moto industry all over the world.  
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1. Introduction 

Yet in the mid-17 th century appeared the first buses1 that 
were drawn by horses. The first automobile in Belgrade, capital of 
Serbia, appeared in year 1901. Today in 21-st century, in 2015 the 
record sales of the new automobiles in the world, almost 85 million 
of vehicles is expected. (“Observer”).  While “Chevrolet Corvette”, 
“America’s Sports Car”, build in Kentucky moved into its seventh 
generation in 20142. A 2015 “Chevrolet Colorado” named the best 
and it is truck of the year. Nowdays director of Google’s self-
driving car project announced that Google plans to test the cars on 
Northern California roads, first with temporary controls, then 
without controls, after California law changes to allow it. Nowdays 
too, we are introducing all new 2015 Mustang. Also all new and 
updated SUVs coming in 2015, while “Mercedes GLB“: the baby 
G-wagen is coming in 2019. 

There are global expectations that there will be 100 
million of vehicles by the year 2019.3  However in the world Jet 
Taxi also solves the urban transport crush. The French solution for a 
small city car is “Renault Twingo TCE 90”4. This small city car 
does not have too much in common with its predecessors and the 
most recognizable is with the model “Renault 5”. It is significant 
that the emission of carbon dioxide in this car is 99 gr/per 

1 Double-decker, today the symbol of the British capital, appeared for the first time on 
the streets of Paris two and a half centuries ago. It is interesting that the early sixties 
of the last century travelers in Belgrade, our capital city, were transported by London 
buses "lejlend". 

2 While the seven-speed manual gearbox is made in Mexico, the new eight-speed 
automatic is GM design made in Toledo, in Ohio. 

3  World car market will grow 3.5% per year, while the highest growth during 2014 is 
expected in China to 8.8%, while in Europe it will reach 6.4%. Otherwise, in China 
by 2020, average annual growth in car sales will amount to 5% and 6% in Brazil. 
(According to a Reuters report, reports Tanjug). 

4  French “Renault” with “Daymler” on the platform of “Smart” has made “Twingo” of 
third generation. The car is functional, nimble, real urban hit with the driving 
characteristics suitable for the city and will be a great rival to popular models of this 
class. Also announcements from the "Renault" on racing versions of the car, "Sport" 
and "Gordini" seems to have not just a publicity stunt. 

kilometer, so we can ask the question whether the “Renault 
EOLAB” is the super-mini for the future? This paper is devoted to 
traffic safety and environmental protection in Serbia. 

2. Traffic Safety in the Republic of Serbia 

In the Republic of Serbia from 1981 till 2013 in the traffic 
accidents 41.718 persons were killed. In the same period 632.936 
persons were seriously injured. 

Disastrous are the facts that from 2001 to 2012. in Serbia 
were killed 2.813 pedestrians (there were more than 13.000 
seriously injured, while 28.000 pedestrians were slightly injured). 
Only during the year 2013, 165 pedestrians were killed, and in 2012 
there were only 10 dead persons less. Unfortunately, today, 
pedestrians crossings are very fateful for pedestrians in Serbia. 

The Road Traffic Safety Agency of the Republic of 
Serbia works intensively on the protection of citizens and the results 
of research conducted so far are the basis for further activities. A 
great number, 21.914 of examinees were included in the Road 
Traffic Safety Agency research that brought conclusions that the 
most risky locations for pedestrians were badly illuminated and 
marked pedestrian crossings and many streets.  

The leading cause of death in children aged 1 to 14 years 
in Serbia are the injuries to the passengers as the most common, and 
43% of children injured in traffic suffers a traumatic brain injury. 
Unfortunately, 80% of collisions with the victims on the roads 
happens in inhabited places. 

Data show that 59% of people on the front, and only 3% 
of people in the back seat of the vehicle use safety belts. 

In the last 10 years 290 children were killed in the traffic 
in Republic of Serbia, while as many as 18.000 were injured. The 
authorities quote that nine children died in traffic accidents the year 
2013 . 

47



With the aim that no child is killed in Serbia in year 2020, 
pupils in our schools will learn more on the traffic safety.5 
Unfortunatelly, the secondary school pupils receive no tuition on 
the topic of traffic. Therefore, the newly formed governmental body 
for coordination of road traffic safety gave the initiative for the 
introduction of new classes in schools and now the final decision on 
that will be made by the Ministry of Education, because there is a 
need for change in teaching program, as well as the preparation of 
the textbooks and polygons for education of pupils. We believe that 
the new contents will be available in the Serbian schools from 
September 2015. 

The results of the research conducted by the Ministry of 
Sport and Youth show that most pupils in secondary schools have 
up to 5 hours of leisure time daily. All of them would like to go to 
driving-schools, but mastering driving skills is as expensive as 
learning a foreign language.  

The Road Traffic Safety Agency with its systematic and 
responsible activities set clear guidelines for the monitoring and 
improvement of road safety in Serbia.  

Republic of Serbia on the 16th of November 2011 began 
to commemorate the World’s Day of memory on victims in the 
traffic accidents.6 

Law on road traffic safety (“Official Gazette RS“, no. 
41/09, 53/10, 101/11) came into effect in the Republic of Serbia in 
2009. and brought many changes in our legal order. Majority of 
those changes meant harmonization with European Union 
regulation in the area of traffic safety. Changes made by the new 
Law on infractions (“Officaial Gazette of the Republic of Serbia“, 
no. 65/13) in application from March the 1st 2014. show the increase 
of penalties for unscrupulous drivers, but drivers complain on to 
many regulations and difficulties to get documents for motor 
vehicle use.  

 
3. Actual eco-trends in Serbia and in the world 

During 2014 “FIAT automobiles of Serbia”7 was still the 
leading exporter on the list of 15 biggest Serbian exporters, 
according to the data of the Serbian Ministry of Finances. In the 
first eight months of this year it exported cars for 947, 2 million 
euros. "Big Fića"8 is not giving up, and in 2013 in Kragujevac it 
was produced 117.000 of "Big Fića" and almost the entire that 
contingent went to Europe (80%) and United States (20%). 
However, the production of a more robust model "500-X" is not 
realized, as the responsible of the group "Fiat-Craysler" decided that 
this model will be produced in another country, and not in Serbia. 

 A toll payment per kilometer in Serbia could for about 
half a year be replaced by vignette, that is labels that allow 
unlimited use of roads in a given time period (usually seven days, 
month or year). 

For the new, fourth generation "Toyota Yaris"9 it was 
spent about 85 million euros to redesign more than 1,000 positions 

5  See:“Politika“, Society, page 08, 9-th September 2014.  

6 Charitable Society “Road Peace“ from Great Britain in 1993. started to commemorate 
the Day of memory on victims in traffic accidents.  

7 “Fiat“ produces  160.000 to 170.000 automobiles per year. 

8 Price of car model "500-L "is now about 15,000 euros with the duty of 25%. 

9 The maximum speed of this car is 175 kilometers per hour, and carbon dioxide 
emissions of 123 g / per kilometer. 

for this small city car, which is known since its appearance in 1998, 
as a reliable, high quality and agile and small consumer. We should 
also mention the car "Toyota Corolla", as well as several versions of 
small cars "Kia Rio", "Kia Soul" and "Kia Forte", then the car 
"Mazda 3" (it gets great fuel economy) that isn’t a hybrid or a 
diesel, then “Hyundai Elantra” and  despite these also auto “Subara 
Impreza”, good car for us and for those who live where the snow 
often falls.  

In April 2015. at New York Auto Show will be possible 
to see all new accomplishments in auto-moto industry all over the 
world. Great deals, going fast. So, we have to be in trend. For 
example, Dodge was iconic car of the last century. But “Dodge 
Grand Caravan“ and “Ford SVT Raptor“ won’t be around for 2015, 
either, they’re likely to come back for the 2016 model year. 
“Chevrolet“ mild hybrids will be a thing of past after 2015 too. 
“Toyota FJ cruiser“ was going to be a one generation vehicle and in 
Toyota wanting to focus on fuel cell technology. 

It is already 21 years of the “Vauxhall Corsa”-e and of 
“Ford10 Mondeo”, a “Honda Civic type R Concept” is seen (and 
new “Honda” HR-V SUV) at the 2014 Paris Motor Show too, while 
“Mazda M-X 5“ of the fourth generation 11 was real hit at Paris 
Motor Show. We have to write down about the remarkable history 
of the 91 year of “Volvo” too. 

At the 2015 Detroit Auto Show there were different 
models, from eco cars of the future to bonkers pick-up trucks. In the 
meantime the 2015 New York Auto Show was held in April and 
2015 Chicago Auto Show too. 

People ask why electric vehicles aren’t main-stream? I 
think that price has a lot to do with it. 

Although at the Paris Motor Show in 2014 were presented 
83 mpg “Porsche Cayenne S E Hybrid“ set /especially prepared for 
Paris 2014/, and “Mercedes AMG GT“ edition first leaked ahead of 
Paris, Lamborghini’s new 200 mph hybrid, new Volkswagen Passat 
and roofless “Ferrari 458 Speciale A“ unleashed too, always being 
sought “Alfa Romeo Giullieta“ right now "dragon" in the Italian 
style “1,4 tb 170 ks –potenca“, this is the type of Eu 5, with a six-
speed manual transmission, reservoir with a maximum of 60 liters 
and developing maximum speed of 218 kilometers / per hour. 

In Germany still in 2012, a conference was held with 
representatives of the "Platform for Electric Mobility" in charge to 
evaluate and coordinate the German strategy for electric vehicles. 
Will the planned target of one million electric cars on the roads of 
Germany until the 2020s be achieved? This is a complex task that 
requires the cooperation of the automobile constructors, battery 
manufacturers, subcontractors and other actors in the production 
chain. Previously, we could not imagine "BMW" with the three-
cylinder engine, and with front-wheel drive, but now when the 
future began, now, "BMW and 8", with three-cylinder engine under 
the hood, if necessary, will have the help of an electric motor. 

The most efficient hybrids you can buy today are: 

- “BMW i 3“ city car is an all electric vehicle; 
- “Volkswagen Jetta Hybrid“ – 45 MPGE. The Jetta 

Diesel has made significant fuel economy 
improvements for the 2015. model year; 

10 In “Ford” says “working very hard” on F-150 Hybrid. 

11  Officially, according to the Guinness Book of Records it is the best-selling sports 
two-seater of all times. It is scheduled for market only for 2015, and it has been 
announced, so far unthinkable, installation of diesel generators. 
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- “Toyota Prius“ plug in - 95 MPGE, “Toyota Prius C“ 
– 50 MPGE, Toyota’s baby hybrid. The Prius has 
come a long way since its US introduction in 2000;  

- “Ford Fusion Energi / C“ – Max Energi – 88 MPGE; 
- “Chevrolet Volt“ – 98 MPGE; 
- “Honda Accord Hybrid“- 47 MPG, “Honda Accord 

plug in -115 MPGE achieves the highest fuel 
economy, drivers are able to travel a total of 570 
miles before filling or charging up. “Honda Civic 
Hybrid“- 45 MPG, still remains one of the more 
efficient hybrids on the market, besting the “Ford 
Fusion Hybrid“, “Toyota Carmy Hybrid“, “Kia 
Optima Hybrid“, and even „Lincoln MKZ Hybrid“. 
Also we can mentioned “Toyota Avalon“ the 
hybrid’s 2,5-liter four cylinder with an electric 
motor. And at least the “Tesla Model S“ that is a 
great four-door luxury sporty car that happens to be 
electric, with its optional 85 kWh battery, that can 
travel between 180 and 225 miles per charge. 

Among green cars we can mention too Bradley GT II 
Electric, Nissan leaf, Toyota RAV4 EV and a Fisker 
Karma too. 

At the 2015 Detroit Motor Show i.e. North American 
International  Auto Show are shown in eco cars of the future. For 
example, “Acura NSX“ uses a new twin-turbocharged hybrid 
powertrain and also “Volkswagen Cross Coupe GTE Concept“ with 
the four-wheel drive plug-in hybrid. Really they were eco-warriors, 
beacuse Detroit has everything. Although, “Chevrolet-s mild 
hybrids“ will be a thing of past after 2015. So, .....putting an end to 
all “Chevrolet mild hybrids.“ 

4. Conclusion 

 We should remind on duties and constant care for the 
environment we live in. Unfortunately the level of air pollution i.e. 
the level of emission of carbon dioxide in the world is still raising. 
Additional actions are needed in order to limit the effect of climate 
changes in the following years. Earth Day is an annual global event 
that occurs every April 22-nd, and this year 2015 it passed in the 
sign of the struggle against pollution and climate changes. In this 
paper there are mentioned the most efficient hybrids we can buy 
today, eco-conscious cars and in that way show support for the 
environment. 

“Volkswagen Golf“ is 2015 North American Car of the 
year and in April 2015, at New York Auto Show it was possible to 
see all new trends in auto-motor industry all over the world. 

In the Constitution of the Republic of Serbia from year 
2006 it is predicted that Republic of Serbia regulates and provides 
for sustainable development12 and Council for sutainable 
development was established by Decision on establishing of 
Council for sutainable development as expert and advisory body of 
the Government of Republic of Serbia.  

The fifth part of the National Strategy of sustainable 
development13 is dedicated to the issues of environmental 
protection and preservation of natural resources in the Republic of 
Serbia, as well as to the impacts of economic development on the 
environment. In that part the aims, measures and priorities 
connected with protection of natural resources (air, water, land, 

12 See: article 97. of the Constitution of the Republic of Serbia, “Official Gazette RS“, 
no.  98/2006. 

13 Official Gazette of RS", no. 57/2008. 

biodiversity, forests, mineral resources and renewable energy 
sources), protection from different factors of risk effects for the 
environment (climate changes and damage of ozone layer, waste, 
chemicals, accidents, ionizing and non- ionizing radiation, noise 
and natural disasters), protection from factors of risk for the 
environment effect in different economic sectors (industry, mining, 
energetic, agriculture, forestry, hunting and fishing, transportation 
and tourism), are given as well as introduction of cleaner 
production.  

It is neccessary to stress in media and inform wider public on 
the importance of environmental aspects of traffic taking into 
consideration the well known fact how much cars reduce air quality 
by emission of harmful gases.  

During 2011. the Ministry of Environment, Mining and Space 
Planning allowed the subvention for purchasing hybrid cars in our 
country. As the final result all cars with emission of carbon dioxide 
less than 100 g per kilometer ran will have certain privileges i.e. 
there will be additional benefits for all those who drive “green“ cars. 
Owners of the ecologically “suitable“ cars get ECO Friendly licence 
in the form of certificate on the occasion of vechicle purchasing. In 
Serbia all owners of cars with CO2 emission less than 100 g per 
kilometer ran will enjoy certain privileges, like more favorable 
insurance package, provision of free parking, more favorable 
conditions of financing. However, they are not exempted from 
customs duties, as it was announced. 

Increase of vehicles using natural gas happened because of 
economic benefit for consumers, but they were certainly urged also 
by ecological interests. It is very important that the number of 
“green“ vehicles constantly increases. 
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Abstract:  Two simulators of ship automation systems are realized by means of FESTO didactic elements and software. They are applied into 
syllabus for marine students and naval cadets.  The analysis and advantages will be discussed between real and simulated systems. 
Key words: FESTO simulator, ship’s systems, automation, algorithms. 
 
I.Introduction 
The modern vessels are equipped with unattended machinery spaces 
and high automation level. In the same time educational 
requirements and maintenance skills for operational staff going up.  
Lately computer-based simulators with different types of ships, 
engines and systems are used for training of marine officers. But the 
question for practical skills with real techniques stayed open. And 
the current price for it is impossible for a lot of educational 
structures. Therefore the solution could be usage of real didactic 
element simulators with adaptive algorithm regards to the system 
presented. The FESTO simulator is a good example for such a 
system. 
 
 II. Models done 
The FESTO simulator consists of few main systems – 
pneumatically, hydraulically, electrically and programmed logically 
controllers(PLC).  The different algorithms are implemented by 
PLC software. Input signal are coming from sensors, push-buttons 
and transmitters. Output signals are going to distributors, cylinders, 
hydromotors, signal lamps and buzzers. Final target is creating of 
simulating model which demonstrates normal work mode, different 
malfunctions and timer readjusting for separate operational steps. 
The following order for simulation could be applied: 
- Collecting and researching of original system documentation. 
- Projecting of operational algorithm with all steps needed. 
- Elements choice maximum closed to real system like type and 
numbers.  
- Program source code making through FESTO PLC software. 
- Working scheme preparation by training software FluidSim, 
developed by FESTO. 
- Program test with test device. 
- System assembling with didactic elements and final test in action. 
2.1 „Mitsubishi“purifier simulator 

 
Fig.1 

 
Fig.1 shows typical working diagram on purifier Selfjector subtype 
GSH-1.  
The main components related with automation are:  
Automatic Control Panel- the block contained PLC 
3- control water supply unit with solenoid valves 
4- three-way valve for fuel admission (pneumatically controlled) 
5- three-way solenoid valve controlled 4. 

6- Multi-Monitor(ММ) unit 
7- Cleaned fluid pressure sensor 
8- RPM sensor 
9- Circulation line pressure sensor 
Fig.2 presents the main algorithm repeats with the HIDENS mode. 
 

 
 

Fig.2 
 
The water and/or sludge discharge and separation processes are 
repeated by determined time interval with normal automatic 
operation. 
Two PLC units are connected in “Master-Slave” scheme due to 
numbers of I/O signal are too much for one.  
The program source code is the same independent of work mode – 
HIDENS or PURIFIER. Readjusting of time intervals Т002 and 
Т003 needs only. 
Diagram of connected elements on the simulator (Fig.3). 
Specification: 
1 – air compressor(6-8 bars). 
2 – compressed air bottle. 
3 – hand drain air filter. 
4 – pressure reduction valve. 
5 – pressure gauge. 
6 – 5/2 distributor with electrical control for pilot and supply air to 
10 and 16. 
7 – 3/2 distributor with hand controlled switch. 
9,11 – 3/2 distributor with mechanical roller control for supply air 
to 12. 
10 – double acting cylinder with reciprocating piston simulating 
bowl rotation. 
12 – 5/2 distributor with pilot air control actuating 10. 
13,14,15 - 5/2 distributor with hand switch control actuating 
elements 17,18 and 19. 
16 – pneumatic cylinder with single action. 
17,18,19 – double-acting pneumatic cylinder. 
20, 21, 22, 23 – capacitive sensors instead of revolution sensor, 
pressure sensor at circulating line, revolution sensor and pressure 
sensor at clean fluid outlet.  
24,25,26 – 5/3 distributor with electrical control and spring for air 
supply of 27,28,29,30 and 31. 
27,28,29,30,31 – pneumatic cylinders with single action instead of 
electromagnetic valves SV1, SV2, SV3, SV4, and SV9. 
32 – buzzer activated with introducing alarm signal. 
33 – lamp for electromotor stop signal. 
34 – lamp for “High water contamination” alarm. 
35 – lamp for “Bowl not open” alarm. 
36 – lamp for “Fuel leakage” alarm. 
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37 – lamp for “Discharge” indication from main PLC. 
38 – lamp for “Fuel admit” indication from main PLC. 
39 – Push button „Automatic operation”. 
40 – Push button „Discharge test”. 
41 – Push button „Emergency stop”. 
42 – Push button „Automatic STOP” 
43 – Push button „Alarm reset”. 
44 – Push button „Sound alarm reset”. 

 
Fig.3 

 
2.2 Simulator of remote control(RC) system of ship main 
engine(ME). 
 

 
Fig.4. ME RC system for MAN B&W S80-90MC engine 
 
Stand assembling requires a proper choice of pneumatic, hydraulic 
and electric elements to be created more realistic scheme.  
 The main elements used for are: 
- Pneumatic cylinders – single and double acting. 
- Distributors 3/2 and 5/2 type. 
- Logic function valves „AND“ and „OR“. 
- Non-return valves. 
- lamps and buzzers for alarm signals. 
The diagram is divided at five main units: 
1. Turning gear. 
2. Remote control. 
3. Reversing mechanism. 
4. Air starting mechanism. 
5. Simulating of output power – ship propeller shaft. 

 
Fig.5. ME RC system in FluidSim-Pneumatics 

 
IV. Results analysis 
4.1. Differences between simulator and real separator. Main 
difference coming from PLC’s applied in the simulator. The 
presence of discrete(digital) inputs only is disadvantage in this case. 
It is impossible to be connected analogue sensor with this PLC type, 
i.e. values like pressure, temperature and revolutions are unable. 
Also the main PLC number of input/output ports is insufficient. 
For timers or counters readjusting it needs PLC to be connected 
with computer with installed program interface. At the real purifier  
this activity could be done directly through display situated on 
control panel. 
• The centrifugal bowl rotation could be simulated with real drum 
instead of pneumatic cylinder and smoothly rpm increasing would 
be shown. So the centrifugal clutch will be expressed. 
• The diagram and element connections could be exchanged so that 
alarm resetting without distributor 7 comes back in initial condition 
and the cylinder 10 not to be activated again.  
4.2 The drawing presents RC system in realistic and well-
introduced manner. 
- Each trainee is able to control the system processes which are very 
closed to the real and on board are difficult for simulation. 
- The scheme  solution consists enough alarms activated when 
improper steps or activities are detected. The visual and sound 
signals are included. 
- Possibilities for simulation and education with software comes 
before real diagram assembling. 
Disadvantages: 
- This project follows operational algorithm of real one but the 
didactic elements are not equal with real valves.   
 
- Control console is missing like “Emergency” but also “Bridge” 
and “Control room” units. 
- The propeller rotation is simulated by hydraulic motor. 
 
 V. CONCLUSION 
These two simulators have established already their possibilities in 
the education trainings with students and cadets. They have been 
used for post-graduated courses with ship engineers and also for 
specialized pneumatic and hydraulic trainings. The simulators were 
good scope from collaboration between lecturers, students and 
naval cadets. 
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