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«MOMENT» REPRESENTATION OF «<FAST DECREASING» GENERALIZED
FUNCTIONS AND THEIR APPLICATION TO SEVERAL APPLIED STOCHASTIC

PROBLEMS
“MOMEHTHOE” TIPEJICTABJIEHUE “BbICTPO YBbIBAIOIINX” OBOBIIEHHBIX ®YHKIIWN 1 X

IMPUJIOXXKEHUE K HEKOTOPBIM ITPUKJIIAJHBIM CTOXACTUYECKHUM 3AJJAUAM
professor, doctor of technical science Firsov A.N., e-mail: anfirs@yandex.ru
graduate Koval A.V., e-mail: alexandra.koval@inbox.ru
Peter the Great St. Petershurg Polytechnic University — Saint-Petersburg, Russia

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.

Keywords: GENERALIZED FUNCTIONS, MOMENT REPRESENTATION, KOLMOGOROV-FELLER EQUATION, BOLTZMANN

EQUATION

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 E we denote the space of
(complex) functions ¢ € C*(R") such, that forany p > 0

[Dip(x)| < C(s + p)lalels+rlxl x € RV,

Here C is a constant, depending, generally speaking, on ¢, s
and p, but noton q € Zg.

Note, that the polynomials P(x,x,,...,x,) and functions
eSiXitutsyXy  pl(sixit.+5v2) helong to the Ej, the latter at s >

max(|s¢], ..., sy D).
We introduce a countable system of norms in E
) _ DY _ipppm]| 411
1 =Sup |-——— ¢ p , —1,—,—,...
@) lllls UP | pylal p=17.3

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

Since E,, D E, and convergence of the sequence {¢,} in Egx,4
results from its convergence in E, it is possible to introduce a
countable union E = UgZ, Es; 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 Ej is the basis for further derivations.

Theorem 2. Let ¢ € Eg, a = (aq,ay, ..., a,) € RY. Then:

1) Taylor series for the ¢

(@
»'P(a)
0 =) - a)
=im ¢
converges for all x € RY;
2) partial sums
(p(q) (a)

m
S =
1=0 |q|=l

converge to ¢ in the terms of convergence in Ej.

The following lemmas indicate a number of other properties of
space E (details see in. [2, 3]).

Lemma 1. If ¢,y € E, then the product ¢y € E.

Lemma 2. Let ¢, = ¢, ¥, = Y in space E, then @, = oy
inE.

Lemma 3. If ¢ € Eg, then D9¢ € E;.

Lemma 4. If ¢,, = ¢ in Eg, then D9¢, —» D¢ in E;.

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 RYfunction f(x),
satisfying the condition

flx) = O(e_“lxllﬂ), |x| > 00, >0, >0,

generates in E’ the functional f by the formula

(f.9) = ff(x)q)(x)dx,w EE.

The following lemma takes place:

Lemma 5 If feL;(RY), @€E and for
vaf(x)cp(x)dx = 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 (9 generate the regular

functionals f and f@, then f@ = £@, where the right is the
functional f derivative in terms of differentiation in space E'.
Finally, the delta-function §, = 6(x — a), defined in the usual way,
i.e. (64, 9)=¢(a), p €E, is also belong to E' and is a singular
functional.

— (x—a)

every



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 € R"
can be presented in the form

f — Z Z Cé‘l) 5‘(101)‘
k=0 |ql=k

—a)4
where coefficients C(? = (—1)ld! (f'(xq—la)).

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

(@
@ Dok el
k=0  |ql=k
converges for every s > 0.
3) Let f,g€EE n Céq), dfl‘” be “moment” decomposition
coefficients. Then the following statements are valid:

L af +Bg =350 Vg (aC? + paP) 6,
a,p €C;
2 D f Zk 02|q| kc(q)5(q)
3.ifyY € E, thenyf = ¥p_o Xiqi=k h(")ﬁ("), where

B =0 Y (il ) e @@,
r=0

Inl=r+lql
nzq
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 ¢, d? are corresponding
“moment” decomposition coefficients. Then

f*9=2Yk=02lql= kh(q)ﬁ(q) where
h@ = Z( 1)la-i- ,|( (”d(”

=) Ca
i+j<q
In particular, for a = 0 “moment” decomposition coefficients

h(()q) _ Z Cgi)d(()j)_

i+j=q

where

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:
+co

@ LW +v f p(AW (x — A)dA —vW (x) = 0.

dx

Let the unknown function W (x) and the given function p(A4) be
the generalized functions of E’. Then, according to the first
paragraph of theorem 3, function W(x) can be presented as
W(x)=22°=océq)6(()q). Similarly p(A)=2;°=0d((]q)6(()q), where

d(()q) =(-1)4 (’%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 [o o)
—-l(ax + px)W @) = Z k$P 857 + Z 15065,

where k¥ = ac{® — 28(q + DC?,

19 = g+ 1)(q + 2)CP — a(q + DCP.
According to the theorem 2 we transform the convolution in the
equation (3) to the form

© q
prW = Z Z dDc@ |50,
g=0 \ i=0

Thus, equation (3) reduces to

3}

© o q
Zké‘”cigq) +Zl(()q)5éq) +VZ de]q_i)Cé” 5@
q=0 q=0 \i=0

v Z cPs =,
a=0

o q
B kP + 12 40 Y 060 —ve®@ |5 = 0
q=0 i=0
Using paragraph 1 of theorem 3, we find, that
q

k$? + 157 + vz dcd —ve{® = 0 vq € 7,
i=0
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 C(")
(4) clavny _ __ ¢ (@ _

c Z a9 0c®,
0 Blg+1)™° ﬁq(q+1)
To obtain a unique solution of the cham of equations (4),

apparently, it is necessary to set the coefficients Céo) and Cél).
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 {C(")} of (4) is bounded.
q:

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

0 < g < Q the requirement |Céq)| < |CéQ)| is fulfilled. Suppose,
d((]q)|. In

which is equivalent to

this case |Céq)| < |C§Q)| forany g > Q.

To prove this lemma the principle of mathematical induction is
used.

Here is an example solution of equation (3) with (4). Suppose
p(4) is a regular functional, which is a normal distribution with the
mean 0 and variance o. In this case “moment” decomposition
coefficients are

0,g=2i+1i€Z
q p,Aq ! ! 0’
dO() (= 1)q( ) { a

O- — P
l.”,q—Zl,lEZO.

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

A R —, O Z c(”
Bq+D ﬁq(q+1) 2-4- 0
q=2j, j€Zy

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

+0o0

d

G)  dx [(ax + Bx? + yx3 )W (x)] + v f p(AW (x — A)dA
—wWW(x) = 0.
The chain of equations (4) is replaced with relations:
(a+2) @ (@ B (@+1)

C, = — C ¢

) y@+D@+2)° " y(q + 2)

v (q-0) ~()
MU,
valg+Dig+2) & °

There is a theorem analogous to theorem 5:

Theorem 6. Suppose the sequence of coefficients (6) {C(Q)}
q=0

is bounded, then the condition 2 of theorem 3 is satisfied.



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]:

I Y

o ¢ * Tz = WL = KIf = vf
f=fut),xeRLueR,t=>0
fle=o = fo(x, W)

Here f(x,u,t) is linearized distribution function of the
molecules in the coordinates x and velocities % at time t. K[f] is a
bounded linear operator, acting on f as a function @; v = v(u) =
0(uP) foru — o, 0 < B < 1, u = |ul. Properties of the function
v(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 = C, v7%, k> 5 at t - oo

has, in general, the power asymptotics of the form 0 (ﬁ) u>0.

This result is obtained under assumption that f (x, %, t) at x = || —»
oo behaves as a function of the L,,(R}),p > 1.

It turns out, that if we impose more rigid conditions on
f(x,4,t) behavior, for example, require that f(x, @, t) satisfies for
x (and uniformly for 4, t):

f(x,4,6) = 0(exp(—alx|**9)),|%| - o, a >0, >0,
then the establishment of equilibrium (i.e. function f convergence
to zero at t — o) is exponentially fast.

The idea of the proof is as follows. We seek a f(x,%,t) in the
class of functions such that almost for every u € R3 and every > 0
f(x,u,t) € E',, i.e. the function f can be written as

[ee)

® fEED =) > (P@nsP .
1=0 [q]=]
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 Cé‘” (w,t)

=il

© @
a _ L [CQQ):I _ [ul(:‘gq_ll) + uzcéq_lz) + u3c§q_13)]'
lql #0
where in terms of I, I, I; multi-indices (1, 0, 0), (0, 1, 0) and (0, 0,
1) are expressed respectively.
Equations (9) are heterogeneous equations of the form

acs” @
5 = L [Ca ] —gq,@ 1), lql %0,

where g,(#,t) is a known function (at each step — its own known

function). Thus, the properties of the functions Céq) (@, 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(%,t),
orthogonal in terms of L, (R3) 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 ¥, u > 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 L, (R3)): ||Cl§q) (t)” < const-e7 ',y >

0, where const depends on the initial distribution function f; (x, %)
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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EMP 13 - EFFECTIVE MANAGERIAL COMBINATION OF
EMERGENCY MEDICINE AND INFORMATICS

assist.prof.Polina Mihova, PhD
Health and social sciences department, New Bulgarian University, Sofia, Bulgaria
pmihova@nbu.bg

Abstract: The fields of emergency medicine and medical informatics were both in their infancy 30 years ago. Since then both have
dramatically matured and established themselves as critical components of the nation’s health care system. Both disciplines today seek to
improve health care quality, while simultaneously improving cost effectiveness of the care delivery system.

Emergency medicine is described as information intensive specialty, where the immediate access to accurate information is crucial

for patient care and reduction of costs.

The article presents an author’s software solution, successfully integrated two years ago in Center for emergency medical help
(CEMH) and its 13 branches, proving its usability through specialized online survey conducted for a month.

Keywords: INFORMATION SYSTEM, E-HEALTH, EMERGENCY HELP

1. Introduction

In 1997 , after reforms in the system of emergency help, is
developed structure of administrative and business sector,
emergency department and 12 subsidiaries, and after the changes in
2007, emergency department is transferred to University Hospital
“St. Anna”, and the emergency units to subsidiaries are closed. At
the beginning of 2008 is established Regional Coordination Station
which receives the emergency calls in the region and aims to
improve the coordination between teams, as well as accelerating the
time for reaction. Connections between Regional Coordination
Station and the subsidiaries is double secured — by a mobile
operator, landline phones and voice module. In September, the same
year, was established a subsidiary in Dragoman. Today, the center
is actively working with medical institutions in the region, with
other various institutions and has established itself as an
indispensable part of the health care system in the region, serving
250,000 residents in 284 settlements in 22 municipalities, covering
an area of over 7000 square kilometers.

Generally for the period of its existence, the teams have
provided assistance to over 950 thousand patients. Each year the
sanitary cars of the center travel almost one million kilometers.

In this context, health is the basis of human life and needs
to be supported by effective policies and actions in the countries —
members of the European Community and globally.

Under article 152 of the Contract for European
Community “the development and implementation of all policies
and actions in the community must ensure a high level of protection
of human health”.

From January 2007, for Bulgaria are already directly
applicable the provisions of the European regulations, governing the
issues of social and health insurance — in the context of the right for
free movement of people within united Europe.

Bulgarian citizens who have continuous health insurance
rights under Bulgarian legislation, can use medical care in the
countries of the European Community, when residing in a different
basis in other countries of the European Union (EU) and European
Economic Area (EEA).

E-Health is a key point in developing an action plan and
achievement of a European e-Health Area. e-Health challenges
include developing common standards and interoperability of health
products, systems and services at European level.

Having in mind the recent accession of Bulgaria to the
EU, is advisable timely development and investment in e-health in
the country.

According to the National Strategy for the Development
of Health 2008-2013 [36], the following priorities are displayed:

v' Providing online health services;

v" Implementation of electronic health cards.

v" Implementation of personal electronic health records.

v" Implementation of software applications for complex
processing and exchange of information in real time, including

electronic recipes, expert opinions, laboratory and diagnostic data
etc.

v' Development of complex hospital information systems,
which are integrated with each other, as well as with external
applications. Implementation of electronic medical records.

v' Building the necessary infrastructure for the normal
functioning of the healthcare system — networks, linking devices,
etc.

v/ Establishment of appropriate
deployment of telemedicine applications.

E-Health, by definition, is a rapidly growing area in
which interact medical informatics, public health, offering of health
services and information through the use of modern information and
communication technologies. It characterizes technological
development to improve health services at local, regional and global
levels.

infrastructure for the

Paper-based documents have existed for centuries and
their gradual replacement of computer-based documents is a slow
and complex process, which is a fact for twenty years in the
Western health systems. Computerized information systems do not
have the same level of input in health as in other sectors (finance,
transport, specialized industries). The introduction of EHR at
national level reaches over 90% of primary medical practice in
Norway, Sweden and Denmark (2003), but is limited to only 17%
in medical practices in the United States (2001-2003) [HHS, 2005].

2. Material and method

According to European standards for electronic health
record, the record cannot and should not be removed from the
system, regardless of whether it is wrong or not. The presented
software satisfies these requirements by an author’s solution, and in
this way each record always remains in the system, and in need of
inspection can always be viewed and displayed.

The system is successfully integrated in all the 13 branches:
Elin Pelin, Pirdop, Ihtiman, Samokov, Kostenetz, Svoge,
Kostinbrod, Godech, Slivnitza, Dragoman, Etropole, Botevgrad,
and Pravetz, the staff is trained and has a developed “User Manual”.

The system consists of different menus depending on the
level of the user:

Administrator — has full rights of access, located in
regional Coordination Station - Sofia Operators — local officers in
the subsidiaries, who have the right to edit the information in the
system, which is already entered.

e Team - physicians and their teams who enter the
current, routine information from each new examination of patient

The provided inquiries are extensive and detailed,
allowing a choice to dates and to subsidiaries:

o Inquiry for supplies

o Inquiry for drugs

o Inquiry for patients (by ICD groups)
o Information about the activity



Inquiry for trauma and poisonings

Inquiry for acute poisonings

Annual inquiry Ambulatory/Calls

Inquiry for patients who died

Information card for children who died

Inquiry for ambulatory examinations

Inquiry for calls

Teams on duty

Information about accepted and processed calls
Report for sanitary cars

OO0OO0OO0OO0OO0O0OOOO

Fig.1. System log archive in EMP 13

There are also copyright developed journals according to
the standards — Ambulatory one and Calls journal that eliminate the
necessity for any hand writing on paper.

The system has a number of forms for prevention and
protection from unauthorized access or opportunity for editing,
tracing every single step of each user in the corresponding location
to date and time.

The new patient entrance of data uses only initials, age
and sex of the patient, by the Law for protection of the personal
data, and the listed personal data for physical identity, the patient

and his or her personal information are fully protected.

3.Results

Since the launch of vnedrenyavaneto your system are
reflected: Ambulatory: Botevgrad - 17056, Godech - 2803,
Dragoman - 3922, Elin Pelin - 7812, Etropole - 8400, Ihtiman -
10,509, Kostenetc - 4812 Kostinbrod - 4115, Pirdop - 10423,
Pravets, 3551, Samokov - 15318, Svoge - 5797 , Slivnitsa - 5186
Calls Botevgrad - 5631, Godech - 1928, Dragoman - 2079, Elin
Pelin - 5321, Etropole - 2712, -4734 Ihtiman, Kostenets - 3722,
Kostinbrod - 4077, Pirdop - 3792, Pravets, 2379, Samokov - 5773,
Svoge - 3983 , Slivnitsa - 2876Predstavyame and Our copyright
SOWT analysis explores the challenges facing the implementation
of a software product in hospital / health facility.

We present an authors SWOT analysis, exploring the
challenges for the implementation of a software product in
hospital/health facility.

Weakness
Fear of the new ad the unknown
Lack of the necessary skills and sttnudes for working with
information systems
Time required for traming, as well as for establishmg Labits
and reutine for werk with the information system

Pant of bealth czre reform

Bulding a modem tecinelogical mfrastructure and information
systems in all units of the health care system

Tossibility of multiple statistics and cuts directly gencrated by
the systeam

Dynennically controlling of schedules, teams. diagnoses with Necessity for system maintenance

medicines and supplies at any time of Regional Coordinastion

Station

Oy ity for and ing the actions of the It is always problematic the implememation of differert
users — the system detects any movement systems

Reducing the cost for materials — mstead of 10 000 v, yearly for

special paper . 2600 Iv. for all supplics 1otal

Reducing omissions and technical emors in data entry
Oppertunities Threats

Improving the quality of management of medical records and The wall and metivanion of professionals to work wath cue

data moge system

Better org ion and P : of the subsidiar Data which is not entered and will reflect to the anmeal

reporting

Oppartanity for online communication between the undts in
health case

Facilitates researches

Facilitates the economic evaluation of care

Fast processmg of the data

Easy for shortouts and data recovery

Standardization of the information and formats

Fig.2. SWOT analysis

4.Conclusion

As a number of authors noted the Emergency Medicine
has special information needs. One relates to the fast pace and sharp
nature of the medical emergency. Emergency physicians should
assimilate information quickly and distill essential data objects of
the entire presentation. In terms of medical informatics, the authors
of "as well as with any other innovation, the proof is in the data. It
is not enough just to build smart systems, we also need to assess
them and test their ability to achieve the targets in well-designed
experiments. To confirm the value of a new idea in the field of
information science, we need to measure its effectiveness not only
in terms of use of the system, but in terms of improved care
processes, reduce morbidity, greater patient satisfaction and better
recovery. After completion of the probationary period of the system
in real conditions shown satisfaction by specialists in office was
made more than high, which speaks to the quality of software and
the need for its development. The computerization of information in
medicine and healthcare is gaining in offices in the country, as this
would certainly improve the quality of service, and thus the entire
medical work.
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KPAEBBIMH YCJIOBUAMHA

THE PROBLEM OF VISCOUS INCOMPRESSIBLE FLUID MOTION THROUGH CYLLINDRICAL
ROUND PIPES WITH NON-STATIONARY BOUNDARY CONDITIONS
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Abstract:

In this work the model of a viscous incompressible liquid flow through a cylindrical round pipe with non-stationary boundary

conditions is considered without usual simplifying assumptions. An exact solution of the corresponding boundary problem was obtained by
the authors in a series form of Bessel functions. This solution is compared with the solution of a similar problem with stationary boundary

conditions.

KEYWORDS: NON-STATIONARITY, VISCOUS INCOMPRESSIBLE FLUID, NAVIER-STOKES EQUATIONS, LAMINAR FLOW,

GROMEKA’S PROBLEM

1. Beseoenue

PaccmaTtpuBaemast B Hacrosimedl paboTe 3amada uMeeT OoJbIIoe
3Ha4YeHUE TPU NMPOEKTUPOBAHUH MAarkCTPAIBHBIX TPYOOIPOBOMOB,
CBSI3aHHBIX, B YacCTHOCTH, C TPAHCIIOPTUPOBKOH YTIIEBOJOPOJIOB.
MarwucTpanbHble  HE(QTEPOBOALI — O3TO CIOXKHBIE WHXEHEPHO-
TEXHHYECKHE COOpYXEHWs, M UX IpaBWIbHOW pabore u
HaI&KHOCTH yAeNsieTcss MHOro BHMMaHHA. s 3¢ ¢eKTUBHOrO
YINpaBI€HHUS TOTOKAMH TPAHCIOPTHPYEMOW JKHIKOCTH MU
PA3NIUYHBIX PEeKMMaxX SKCIUTyaTallid HEOOXOAUMO UMETh YHOOHBIC
AQHAJIMTHYECKUE METOJbl pacuéra HEYCTAHOBMBILErOCS JBIKCHUS,
HO3BOJIIIOIIME  NOJY4YMTh TpeOyemble Uil  HalaJkd  Bcex
3a/1eHICTBOBaHHbIX CHCTEM JJaHHBIC.

2. ITocmanoeka 3adauu

[IpUMEHHTENPHO K MAaruCTpalbHbIM HedTe- W ra30npoBOAAM
6OMBIION HPOTHKEHHOCTH B JIMTEPATyPE PACCMATPHBAIOTCS 3a/1aun
CTAlIMOHAPHOTO  JIBIKCHHS BS3KOH OKUAKOCTH 10 Tpybawm,
OCHOBAaHHBIX Ha YHPOIIEHHBIX YPABHEHHAX THAPOINHAMUKH BSI3KOH
xuakoctd [1,2]. Tem Gosiee MHTEPECHBIM MPECTABISAECTCS aHAIH3
HECTallMOHAPHOTO PEXKMMa JABHKEHHUS MOTOKA BA3KOI XKUAKOCTH 110
TpyO0aM C MHCIOJb30BaHUEM IMOJHOLEHHOrO ypaBHeHUs Hasbe-
CTOKCa ¢ HECTAlIMOHAPHBIMH KPaeBBIMH YCIIOBHSAMH.

XKunkocTe OyaeM cuuTaTh HEC)KHMaeMoi: p = const . Jlns BA3Koit

HEC)KMMaeMOH KHUIKOCTH ypaBHEHHUE JBIKEHHUs uMeeT B [5,6,7]:
v _ [M wvj_l 0. @
ot o’ ror) p

Ile U — CKOpPOCTh JKHUIKOCTH BJOJb OCH TpybompoBoma, V —
KHHEMAaTUYeCKash BS3KOCTh JKHIKOCTH, L0 — €€ IUIOTHOCTb,

op
f(t)y=—
(=7

noxydeHo u3 ypasHeHuil HaBbe-CTokca ¢ y4éToM HpeHeOpeKeHHs
MacCOBBIMH CHIIaMH, OJHOMEPHOCTH JIBIDKEHHS u
OCECUMMETPUYHOCTH TeueHus. Tak *e CUMTaeM, UTO XapakTep
TeYCHHs JIAMHHApHBIH, T.e. uymcna PeiiHonbaca Re <2300 [5].
HecranmonapHocts aukryercs ¢ynkiueir f(t), omuceiBarorueit

rpajueHT naBieHus B TpyOe. YpasHenue (1)

TPaHNYHBIC YCIOBHS, T.€. H3MCHEHHE JABJICHUS HAa KOHI[AX y4acTKa
TpybonpoBoa.

2.1. Pewenue necmayuoHapHoll 3a0ayu
Pemenne cmemanHoil 3amauu i1 ypaBHeHHs (1) ¢ HavyaJbHBIM
ycaoBueM 0(0,r)=¢(r) u xpaeseiM ycinoBuem O(t,R)=0,
MOJTy4eHHOE aBTopamMu MeTooM Dypee, umeer Bux [3,4]:

u(e) = [ G ED0(EE + | [G(n&7-0)(1(0)dedo, )

G % ﬂj.J(& j s
(n.é,7)= Z-;N(l(ﬂn)) O[N§ 0 N77 €

2
Hn
0 - —(r-0)
7 4 2
G(n, & - Z Jo[ﬁéj.‘lo(ﬁn)e N ‘
n=1 1(,un))
rne u(z,n) - 6e3pa3MepHas[ CKOpOCTh; 7 — Oe3pa3MepHOE BpeMs;
Vv
f [t .?j .
e
3anaB HauambHOE pacmpexnenenne ¢(r) u ¢ynkouio f(t) MoxHO

1 — OGe3pasmepnbiii pamuyc, 0<n<N; y(r)=

BBIYHCIIUTE pacHpesieNieHue CKOPOCTEH MO CeYeHHIo TpyOsl B
mo6oit MoMeHT BpeMeHH. [lepecuér nomydeHHbIX 3HaUeHU U(7,77)

Vv
B u(t,r) ocylecTBIACTCS YMHOXXCHIEM Ha KO3 QUIIMEHT E .

2.2. CmayuonapHwlii crayuai

B cBoeit kuure [6] H.A. Cné3kuH NpUBOJMT pEIICHUE YpaBHEHUS
(1) mna cmywas f(t)=const. Ono OBUIO HONy4EeHO Uepe3
npeoOpa3oBaHue Jlartaca HCXOTHOTO ypaBHEHUS B
MIPEONIOKEHNH, YTO HadalbHas CKOPOCTh paBHA HYJIO. YCIOBHE
NPWINMAHUS K CTeHKaM TPyObl coxpaHsutock. To ecTh 3amada
CTaBMJIACh ClENyIONMM oOpasoMm: Haitn ¢ynkumo  o(t,r),
YIOBIETBOPSIONIYI0 ypaBHeHHIO (1), HaYanbHOMY YCIOBHIO
v(0,r)=0 wu rpanmyaomy ycnoButo o(t,R)=0. OH momy4mn
pelIeHne B ClIeIyIoIeM BHUIe:

RZ r2 JO(%rJ
u(t,r) = P4— 1—R—82exp(—v;“ jJ . (3

A ()
f()
rae P=—==const, 4 - xopuu dynxuuu beccens J, .
P
JIro0ONBITHO  TOCMOTpETh, ONHUCHIBAeT JIM  ypaBHeHHEe (2)

CTAalMOHAPHOE TEUCHUE JKHIKOCTU IIPH 33aHHU COOTBETCTBYIOIIIX
ycnoBuil. Iloctpoum pemenus (2) u (3) anst HarmggHoctd. [lns
9TOr0 BOCHOJb3yeMcs cpenoit Matlab.

3. Pesyasmamol
B ob6oux cmywasx 3agaiuM oauHakoBoe 3HaueHue f(t); s
ypaBHeHHS (2) BO3bMEM HavalbHOE PacIHpesicieHUe, PaBHOES HYIIIO.
ITapameTpbl KHIKOCTH COOTBETCTBYIOT IapamerpaM He(TH:



IJI0THOCTE p =830 KMHEMaTHYeCKast BA3KOCTh V = 2.65-107

M
MZ
—, nauamerp Tpybompooga d =1 M  I'padux Ha puc.l
c
[OKa3bIBaCT  3aBUCHMOCTb  CKOPOCTH  JKHUJIKOCTH HAa  OCH
Tpy6onpoBoza (r =0 ) OT BpeMeHH.
1,4 _______ m-T-=-" i L T-~=7-77 T--==77 I
1 1 1 1 1 1
1 1 1 1 1 1
R R s e s
1,0 ~------ s = S S R |
A T T N W
Q0,8 -----fmmoo St it Aipiiuiel puly sl
N 1 1 1 1 1
I e SRR $omee- bomeees !
1 1 1 1 1
Y S e R LS L !
1 1 1 1 1
1 1 1 1 1
02 -f--m-bmn-d R RRRnelt SESLE SRR
1 1 1 1 1
1 1 1 1 1
0,0 '
0 200 400 600 800 1000 1200
t,c
Puc. 1. 3agucumocms ckopocmu nomoxa Ha ocu mpy6uvl om
epeMeHu

Ha puc.l u, 3amaércs ypasHeHuem (2), U, — ypaBHenuem (3).

BunHo, 4WTo perieHus, TOMyYeHHBIE ABYMS pPa3HBIMHU ITyTSIMH,
XOpoIIo COBMagaoT. MacmTab He MO3BOJIAET OLEHUTh Pa3HUILY
Mexgy U, u U,. Hike mnpencraBieH rpaduk H3MEHEHUS
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COBITAJICHUH.

BO3MOXXHOCTb T'OBOPUTH O XOpOoLIEM

4. 3aknwuenue
B pabote mnpencraBieHo pemeHue ypaBHeHuss Hasre-CrTokca,
OITMCHIBAIOLIEr0 BWKEHHS BS3KOH HECHKHMAEMOI KHAKOCTH IO
LWIMHAPUYECKOH  TpyOe ¢  HECTAlMOHAPHBIMH  KPaeBbIMU
YCIIOBUSIMM Ha €€ KOHLaX.
IomyuenHoe penieHHe B CTAI[MOHAPHOM CiIydae IIOKa3bIBaeT
Xopollee COBMAJEeHHE C W3BECTHBIM pEIICHHEM aHAIOTHYHON
CTaI[MOHAPHOI 3a1a4n.
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Abstract: New type of photocatalyst containing copper oxide hydrate crystalline phase and additional amount of copper sulfate
hydroxide was prepared by thermal decomposition of copper sulfate. The EPR detected presence of Cu?* ions. Photocatalytic degradation of
two different model pollutants Reactive Black 5 (RB5) and Malachite Green (MG) in aqueous solution under UV illumination was
investigated. The copper oxide containing catalyst showed four times higher photocatalytic activty with respect to RB5 than that to MG dye.
The catalyst exhibited much higher adsorption capacity to RB5 than to MG dye. The degree of degradation of MG dye is 18%, rate constant
is 1.7x107 min™ while the degree of degradation of RB5 dye is 90%, rate constant is 8x10°° min™* after 2 hours of illumination.

Keywords: COPPER OXIDE, REACTIVE BLACK 5, MALACHITE GREEN, PHOTOCATALYSIS, WASTEWATERS

1. Introduction

CuO is p-type semiconductor with a narrow band gap of 1.21-
1.51eV and monoclinic structure [1]. It is an interesting
multifunctional material due to its promising applications in gas
sensors [2, 3], magnetic storage media [4], lithium ion batteries [5],
and solar cells [6] due to its photoconductive and photochemical
properties. In most reports composite photocatalyst for dye
degradation such as: CuO/SnO,, CuO/ZnO, CuO/BiVO,, CuO/SiO,,
CuO/zeolite [7], CuO/graphene [8], chitosan anchored copper oxide
[9] were used but in recent years also pure CuO was studied [10].
CuO was tested as an adsorbent in the Methylene Blue dye
decolorization process [11]. Cu-core/CuSQO,-shell nanoparticles
exhibited higher photocatalytic efficiency than Cu nanoparticles and
these results proved that CuSO,-shell has significant effect on the
degradation of Methylene Blue [12]. Enormous amounts of
environmental pollutants, effluents of colored dyes having
carcinogenic effect are discharged by the textile and paper
industries [13]. These dye pollutants are chemically stable, so
technologies relating to direct UV photolysis and hydrogen
peroxide oxidation are not effective in removing the color dyes. At
present, the photocatalytic method attracts considerable attention
due to its effective decolorization of dyes [14]. Malachite Green
(MG) has now become a highly controversial compound due to the
risks it poses to the consumers of treated fish, including its effects
on the immune system and reproductive system and its genotoxic
and carcinogenic properties [15]. The photocatalytic efficiencies of
cerium-cadmium oxide [16], ZnS-CdS [17], bismuth oxide [18],
TiO, [15], CuO supported on HY zeolite [19] and other catalysts
were tested by using them in the photocatalytic degradation of
Malachite Green dye. Sonophotolytic degradation of azo dye
Reactive Black 5 (RB5) in an ultrasound/UV/ferric system was
examined [20] as well as the efficiency of the Fe;O4,/FeC,0,
magnetic catalyst in the catalytic wet peroxide oxidation of reactive
azo dye RB5 [21]. Our previous research has shown high
photocatalytic activity of TiO, films in the degradation of RB5 dye
under UV light [22].

The aim of this article is to characterize by PXRD, XPS and
EPR analysis copper oxide containing catalyst synthesized by
thermal decomposition of copper sulfate. Because of its recent
application in photocatalysis we set ourselves the task to examine
its photocatalytic properties in regard to oxidative degradation of
two hazardous textile dyes- Reactive Black 5 and Malachite Green.
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2. Experimental
2.1. Synthesis of the samples

For preparation of CuO containing sample we used
CuS0,.5H,0 as starting reagent. The suspension of copper sulfate
and water was magnetically stirred upon heating for about 1h. After
that the obtained sample was dried at 100°C for 12 h. The finally
obtained powder was annealed for 3 h at 500°C in air.

2.2. Powder X-ray diffraction analysis (PXRD)

The PXRD of the obtained photocatalyst was carried out using a
TUR M62 apparatus, Germany with PC control and data
acquisition, using HZG-4 goniometer and CoKa radiation. The
presence of the phases registered in PXRD pattern was established
by using of JCPDS database (Powder Diffraction Files, Joint
Committee on Powder Diffraction Standards, Philadelphia PA,
USA, 1997).

2.3. Electron paramagnetic resonance (EPR)

The EPR spectrum was recorded on JEOL JES-FA 100 EPR
spectrometer operating in the X-band with standard TEO11l
cylindrical resonator. Spectra were recorded at room temperature.

2.4. X-ray photoelectron spectroscopy (XPS)

The X-ray photoelectron spectroscopy (XPS) studies were
performed in a VG Escalab Il electron spectrometer using AlKa
radiation with energy of 1486.6 eV under base pressure 107 Pa and
a total instrumental resolution of 1leV. The binding energies (BE)
were determined utilizing the C 1s line (from an adventitious
carbon) as a reference with energy of 285.0 eV. The accuracy of
measuring the binding energy was 0.2 eV. The O 1s, Cu2p and S2p,
photoelectron lines were recorded and corrected by subtraction of a
Shirley’s-type of background and quantified using the peak area and
Scofield’s photoionization cross-sections.

2.5. Catalytic activity tests

The photocatalytic activities of the prepared samples were
measured in oxidative degradation of both Reactive Black 5 (RB5)
dye and Malachite Green (MG) under UV light. The photocatalytic



studies  were  performed using  UV-Vis  absorbance
spectrophotometer in the wavelength range from 200 to 800 nm and
a polychromatic UV-A lamp illumination (18W) with maximum
emission at 365 nm. The initial concentration of the used RB5 and
Malachite Green dye solutions was 20 ppm and 5 ppm respectively.
The photocatalytic tests were carried out under slightly acidic
pH=6. Before switching on illumination, the catalyst and dye
solution were stirred for 30 min in dark to achieve adsorption
equilibrium. The degree of degradation of the dyes is calculated
using equation (1), where Cy is the initial concentration (based on
absorbance) of the dye, C is the residual concentration of the dye
after 120 min of illumination.

Degradation[%] = [ﬁ} x100

o

@)

3. Results and discussions

Figure 1 represents powder X-ray diffraction spectrum of the
obtained copper oxide containing photocatalyst. The PXRD results
established the presence of copper oxide hydrate phase (Cu0.3H,0)
(PDF-36-0545) and additional amount of copper sulfate hydroxide
(Cu(SO,)(OH),) (PDF-76-1621). The incomplete thermal
decomposition of the starting material copper sulfate is the possible
reason for existence of intermediate precursor phase copper sulfate
hydroxide registered in the PXRD pattern of prepared copper oxide
containing catalyst.

Intensity, a.u.

1086 2
dA
Fig. 1 PXRD pattern of synthesized copper oxide containing
photocatalyst.

Figure 2 illustrates the results of electron paramagnetic
resonance method. EPR spectrum of CuO containing catalyst at
room temperature is consisting of an asymmetric line with g factor
2.24 most probably due to interacting Cu®* ions in clusters [23, 24].
The effect of dipolar interaction between Cu®*" ions leads to
broadening of individual lines. For this reason the hyperfine
structure due to 1=3/2 of Cu?* ion cannot be seen.

The XPS Cu 2p spectrum of the catalyst sample is shown in
Figure 3. The “shake-up” satellite located at 944 eV position and a
peak at 935.5 eV are clearly visible. The “shake-up” satellite is an
evidence of Cu (Il) ions [25], while the peak at 935.5 eV coincides
with the known CuSO, peak position at 935.4 eV [26]. A low
intensity peak at 933.6 eV is typical of the CuO peak [26]. The
results indicate incomplete transformation of CuSQ, into CuO, most
probably due to the low temperature of treatment.

Figure 4 represents the course of the photocatalytic reaction as
dye concentration decrease with the time of illumination of both
investigated model pollutants on the CuO containing photocatalyst.
The prepared photocatalyst showed four times higher photocatalytic
activty to RB5 than MG dye. It has to be noted that the catalyst
exhibited much higher adsorption capacity with respect to RB5 than

to MG for 30 min in dark. The degree of discoloration after 2 hours
irradiation for MG is 18%, while for RB5 dye is 90% (Figure 5).

g=2.24

240 260 280 300 320 340 360
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Fig. 2 EPR spectrum of copper oxide containing photocatalyst.
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Fig. 3 XPS spectrum of copper oxide containing photocatalyst.

Figure 6 show the dependences of —In(C/Co) as a function of
time t under UV light illumination. The dependence shows that the
copper containing catalysts exhibit higher photoreactivity to
Reactive Black 5 than MG dye in the first 15 minutes of
illumination. The photocatalyst has very low activity in degradation
of Malachite Green probably due to the difference in the size of
conjugated system of C=C and C-C bonds in the molecular structure
of the both dyes and different bond scission energies. The rate
constants and degrre of degradation for the dyes over CuO
containing photocatalyst after 120 minutes of UV irradiation are
represented in Table 1. The rate constants k after 2 hours for MG
and RB5 are 1.7x10° min?® and 8x10° min™, respectively. Rate
constants were calculated using the equation —In(C/C,) = kt on the
basis of the slope of the linear logarithmic function.
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Fig. 4 Concentration changes of both textile dyes based on changes in the
intensity of the maximal absorbance peak at 599 nm for RB5 dye and at 615
nm for MG dye respectively, with the course of time.
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Fig. 5 Degradation degrees of two textile dyes: RB5 and MG over CuO
containing powder.
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Fig. 6 Dependence of -In(C/Co) with the time of UV illumination for two
textile dyes: RB5 and MG over CuO containing photocatalyst .

Table 1. Rate constants and degree of degradation for the both dyes over
CuO containing photocatalyst.

Model dye Rate constant, k Degradation,%
" after
(x10™ min™)
120 min
MG 17 18
RB-5 8 90

The adsorption spectrum of RB5 has two adsorption peaks
corresponding to the- N=N- bond (at 599 nm) and to naphthalene
rings (at 313 nm). Oxidative attack of an azo dye from the phenyl
azonaphthol family as RB5 leads to the formation of benzene
derivatives and naphthoquinone as primary degradation products.
The scheme of possible degradation of Reactive Black 5 can be
seen in [22].

The higher photocatalytic efficiency of copper containing
photocatalyst to oxidize the azo dye RB5 than those to MG the
double (-N=N-) bond in RB5 is weakened by hyperconjugation and
N,N-dimethylaminobenzyl in MG [27]. However the central carbon
atom possesses also a double bond, connecting it to the third
cyclohexadiene ring, which requires also high energy photon for the
bond scission. The C-C bond between the central carbon atom and
N,N-dimethylaminobenzyl in MG, results in the formation of 4-
(N,N-dimethylamino)  methylbenzylone as most common
intermediate [28,29]. The decisive argument explaining the
activities is the difference in the size of the two conjugated systems.
According to the results for Cu-core/CuSO,-shell nanoparticles
possess higher photocatalytic efficiency than Cu nanoparticles [12].
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In our case probably the same effect of the presence of copper
sulphate plays positive role in the photocatalytic degradation. The
results obtained in this article for copper containing photocatalysts
are in accordance with our previous studies on ZnO films [29].

4, Conclusions

Photocatalyst containing hydrated copper oxide crystalline
phase and additional amount of copper sulfate hydroxide was
prepared by thermal decomposition of copper sulfate. The
performed PXRD and XPS studies confirmed the presence of
copper oxide and some quantity of copper sulfate hydroxide phases.
The EPR analysis detected the existence of Cu®* ions in obtained
material. The copper oxide containing photocatalyst showed strong
difference in its photocatalytic behaviour with respect to the two
model dyes, due to differences in their structure and
physicochemical properties. The photocatalyst possess much higher
adsorption capacity and selectivity to degrade the double diazo
bond in RB5 in comparison to the two single carbon-carbon bond in
MG. We can recommend copper oxide containing material as
relatively new cheap alternative to the already used photocatalysts
for degradation of textile azo dyes.

Acknowledgements

The authors gratefully acknowledge financial support by National
Science Fund, Ministry of Education and Sciences of Bulgaria
(Contract DFNI - T02 16).

References

[1] Singh I., R.K.Bedi. Studies and correlation among the structural,
electrical and gas response properties of aerosol spray deposited self
assembled nanocrystalline CuO. Appl. Surf. Sci., 257, 2011, 7592—
7599.

[2] Xu H., G. X. Zhu, D. Zheng,C. Y .Xi, X. Xu, X. P. Shen. Porous
CuO superstructure: precursor-mediated fabrication, gas sensing
and photocatalytic properties. J. Colloid Interface Sci., 383, 2012,
75-81.

[3] Breedon M., S. Zhuiykov, N. Miura. The synthesis and gas
sensitivity of CuO micro-dimensional structures featuring a stepped
morphology. Materials Letters, 82, 2012, 51-53.

[4] Dinesh Pratap S., A. Naushad. Synthesis of TiO, and CuO
Nanotubes and Nanowires. Sci. Adv. Mater., 2, 2010, 295-335.

[5] Zhang Z. L, H. Chen, H. W. Che,Y .H. Wang, F. B. Su. Facile
synthesis of high surface area hedgehog-like CuO microspheres
with improved lithium storage properties. Mater. Chem. Phys., 138,
2013, 593-600.

[6] Sharma R., J. H. Kim, Y. B.Hahn. Solution-Processed Solid-
State Solar Cells of ZnO/CuO Core/Shell Nanrods. Sci. Adv.
Mater., 4, 2012, 978-984.

[7] Meshram S.P., P.V. Adhyapak, U.P. Mulik, D.P. Amalnerkar.
Facile synthesis of CuO nanomorphs and their morphology
dependent sunlight driven photocatalytic properties. Chem. Eng. J.,
204-206, 2012, 158-168.

[8]Yusoff N., N.M. Huang, M.R. Muhamad, S.V. Kumar, H.N.
Lim, 1. Harrison. Hydrothermal synthesis of CuO/functionalized
graphene nanocomposites for dye degradation. Mater. Lett., 93,
2013, 393-396.

[9] Haldorai Y., J.-J. Shim. Multifunctional Chitosan-Copper Oxide
Hybrid Material:Photocatalytic and Antibacterial ~Activities.
International Journal of Photoenergy, 2013,
http://dx.doi.org/10.1155/2013/245646.



[10] Sankar R., P. Manikandan, V. Malarvizhi, T. Fathima, K. S.
Shivashangari, V. Ravikumar. Green synthesis of colloidal copper
oxide nanoparticles using Carica papaya and its application in
photocatalytic dye degradation. Spectrochim. Acta Mol. Biomol.
Spectros. 121, 2014, 746-750.

[11] Raizada A., D. Ganguly, M. Mankad. A Highly Efficient
Copper Oxide Nanopowder for Adsorption of Methylene Blue Dye
from Aqueous Medium. Journal of Chemical Engineering Research,
2,1, 2014, 249-258.

[12] Zarghami Z., M. Ramezani, M. Maddahfar. Simple
microwave-assistedsynthesisofCuU@CuSO, as co-catalyst of TiO,
for photocatalytic degradation of methylene blue. Mater. Lett., 152,
2015, 21-24.

[13] Robinson T., G. McMullan, R. Marchant, P. Nigam.
Remediation of dyes in textile effluent: a critical review on current
treatment technologies with a proposed alternative. Bioresour.
Technol., 77, 2001, 247-255.

[14] Nishio J., M. Tokumura, H.T. Znad, Y. Kawase. Photo-
catalytic decolorization of azo-dye with zinc oxidepowder in an
external UV light irradiation slurryphotoreactor. J. Hazard. Mater.,
138, 2006, 106-115.

[15] Soni H., N. Kumar J.I.. UV Light Induced Photocatalytic
Degradation of Malachite Green on TiO, Nanoparticles.
International Journal of Recent Research and Review, VII, 3, 2014,
10-15.

[16] Ameta K. L., N. Papnai, R. Ameta. Synthesis, Characterization,
and Use of Novel Bimetal Oxide Catalyst for Photoassisted
Degradation of Malachite Green Dye. Journal of Materials, 2014,
http://dx.doi.org/10.1155/2014/480107.

[17] Gandhi J., R. Dangi, J. C. Sharma, N.Verma, S. Bhardwaj,
Photocatalytic bleaching of malachite green and brilliant green dyes
using ZnS-CdS as semiconductor: A comparative study. Der
Chemica Sinica,1, 3, 2010, 77-83.

[18] Sharma D., A. Bansal, R. Ameta, H. S. Sharma. Photocatalytic
degradation of Azure B using Bismuth oxide Semiconducting
Powder International Journal of ChemTech Research, 3, 2, 2011,
1008-1014.

[19] Jalil A.A., M.AH. Satar, S. Triwahyono, H.D. Setiabudi,
N.H.N. Kamarudin, N.F. Jaafar, N. Sapawe, R. Ahamad. Tailoring
the current density to enhance photocatalytic activity of CuO/HY
for decolorization of malachite green. J. Electroanal. Chem., 701,
2013, 50-58.

[20] Zhou T., T-T. Lim, X.Wu. Sonophotolytic degradation of azo
dye reactive black 5 in an ultrasound/UV/ferric system and the roles
of different organic ligands. Water. Res., 45, 2011, 2915-2924

[21 ] Nadejde C., M. Neamtu, R.J. Schneider, V.-D. Hodoroaba, G.
Ababei, U. Panne. Catalytical degradation of relevant pollutants
from waters usingmagnetic nanocatalysts. Appl. Surf. Sci., 2015,
APSUSC-29472, article in press.

[22] Stambolova 1., M. Shipochka, V Blaskov, Alexandre
Loukanov, Sasho Vassilev. Sprayed nanostructured TiO, films for
efficient photocatalytic degradation of textile azo dye. J Photochem.
Photobiol. B Biol., 117, 2012, 19-26.

[23] Ratnasamy P., D. Srinivas, C. V. V. Satyanarayana, P.
Manikandan, R. S. Senthil Kumaran, M. Sachin, V. N. Shetti.
Influence of the support on the preferential oxidation of CO in
hydrogen-rich steam reformates over the CuO-Ce0O,-ZrO, system.
J. Catal., 221, 2004, 455-465.

[24] Kustova M. Yu., S.B. Rasmussen, A.L. Kustov, C.H.
Christensen. Direct NO decomposition over conventional and
mesoporous Cu-ZSM-5 and Cu-ZSM-11 catalysts: Improved
performance with hierarchical zeolites. Appl. Catal. B Environ., 67,
2006, 60-67.

14

[25] Wagner C. D., W. M. Riggs, L. E. Davis, and J. F. Moulder,
Handbook of X-Ray Photoelectron Spectroscopy, Perkin-Elmer,
Waltham, Mass, USA, 1978.

[26] Wagner Ch. D., A. V. Naumkin, A. Kraut-Vass, J. W. Allison,
C. J. Powell, and J. R. Rumble Jr., NIST Standard Reference
Database 20, Version 3.4.

[27] Lucas M., J. Peres. Decolorization of the azo dye Reactive
Black 5 by Fenton and photo-Fenton oxidation. Dyes & Pigments,
71, 2006, 236-244.

[28] Guandao G., Z. Aiyong, Z. Meng, C. Jinlong, Z. Quanxing.
Photocatalytic Degradation Mechanism of Malachite Green under
Visible Light Irradiation over Novel Biomimetic Photocatalyst
HMS-FePcs. Chin. J. Catal., 29, 2008, 426-430.

[29] Kaneva N., I. Stambolova, V. Blaskov, Y. Dimitriev, A.
Bojinova, C. Dushkin. A comparative study on the photocatalytic
efficiency of ZnO thin films prepared by spray pyrolysis and sol-
gel method. Surface and Coatings Technology, 207, 2012, 5-10.


http://www.sciencedirect.com/science/journal/10111344/117/supp/C

EFFECT OF La DOPING AND THERMAL TREATMENT ON THE
PHOTOCATALYTIC ACTIVITY OF ZnO FOR DEGRADATION OF REACTIVE
BLACK 5DYE

BJIUSAHUE HA La-JOTUPAHETO U TEPMUYHATA OBPABOTKA BBPXY
POTOKATAIMTHYHATA AKTUBHOCT HA ZnO 3A PA3I'PA’KJAHE HA PEAKTHBHO YEPHO 5
BAI'PIJIO
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Abstract: The La-doped powder-form ZnO samples were prepared by impregnation using appropriate amounts of aqueous solutions of
La(NO3)s. The non-impregnated and impregnated zinc oxide materials were then thermally treated at different temperatures — 350°C and
450°C in air atmosphere. The phase composition and structure of the obtained catalysts were characterized by powder X-ray diffraction
analysis (PXRD), EPR and X-ray photoelectron spectroscopy. The PXRD results gave evidence that the average crystallite size of nanosized
ZnO phase was varying within the range of 10-14 nm. The present work was focused on the influence of La doping and calcination
temperatures on the photocatalytic activities of zinc oxide samples in the reaction of oxidative degradation of industrial textile azo dye
Reactive Black 5 (RB5) under UV-light irradiation. The photocatalytic activity tests showed that the La doped ZnO photocatalysts are
superior to the non-doped samples and are applicable to decontamination of the textile waste waters.

Keywords: REACTIVE BLACK 5 DYE, La DOPED ZnO, PHOTOCATALYST, PHOTOCATALYTIC ACTIVITY

1. Introduction

Organic dyes find various applications, such as industrial
chemicals (textile dyes, surfactants), pharmaceuticals (antibiotics,
steroids), antifouling compounds, histopathological applications and
staining agents in bacteriological studies. Lately the attention is
directed to the elimination or mineralization of different persistent
organic pollutants [1].

Wide band-gap semiconductors, such as TiO,, ZnO are the
promising materials in water purification and disinfection, air
purification and hazardous waste neutralization. The photocatalytic
efficiency of these oxides in the degradation of different
environmental contaminants attracts attention recently [2].

It has been evidenced that the properties of ZnO can be
significantly improved by doping with rare-earth elements, which
have specific appropriate electronic structure [3]. Lanthanide (Ln =
La, Eu, Gd, Dy and Ho) loaded ZnO catalysts (Ln-ZnO) were
prepared, characterized and investigated for the discoloration of
Methyl Orange [4]. Tingting Wu and coworkers established that La-
doped ZnO nanoparticles, obtained by a simple solution combustion
method, have superior capacities for the removal of Pb?* and Cu®*
ions in waterways than the undoped ZnO nanoparticles [5]. Optical
and photocatalytic properties of La-doped ZnO nanoparticles
synthesized via precipitation and mechanical milling method are
discussed in [6]. The investigations proved that the photocatalytic
efficiency in degradation of a Methylene Blue solution using these
samples depended upon the number of oxygen vacancies [6]. La-
doped ZnO nanowires with different dopant contents were obtained
via a solvothermal synthesis route, using ethanol as the solvent. The
photocatalytic activity of pure ZnO and La**-doped ZnO samples
was investigated in the degradation of Rhodamine B. The results
established that 2 at% of La**-dopant content in ZnO attribute
enhanced photocatalytic efficiency [7].

The present study deals with the effect of La doping and
thermal treatment on the photocatalytic properties of zinc oxide
materials. For this purpose the synthesis of La doped ZnO samples
using impregnation method and calcination at different
temperatures were applied. The photocatalytic activity of prepared
non-impregnated and impregnated zinc oxide samples was tested
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and compared in the reaction of oxidative degradation of Reactive
Black 5 dye (RB5) under UV-light irradiation.

2. Experimental
2.1. Preparation of photocatalysts

The method of preparation of activated ZnO powder was
described in a Bulgarian Patent [8]. The preparation procedure
includes dissolution of commercial ZnO in NH,OH solution,
followed by precipitation as Zn(OH)CO; as a result of CO,
bubbling through the solution. The La-doped ZnO samples were
prepared by impregnation of Zn(OH)CO; with aqueous solution of
La(NOs); to obtain 1.5wt % La content in La/ZnO composite. The
non-impregnated and impregnated zinc oxide materials were then
thermally treated at different temperatures — 350°C and 450°C - for
2 hours in air atmosphere. The so prepared samples were denoted
as: Zn0-350°C, Zn0-450°C, La/Zn0-350°C and La/Zn0-450°C.

2.2. Methods for investigations of obtained samples

The powder X-ray diffraction patterns (PXRD) of the
synthesized powders were recorded on a TUR M62 apparatus,
Germany with PC control and data acquisition, using HZG-4
goniometer and CoKa radiation. The identification of the phases
registered in PXRD patterns was accomplished based on JCPDS
database (Powder Diffraction Files, Joint Committee on Powder
Diffraction Standards, Philadelphia PA, USA, 1997).

The EPR spectra were recorded on JEOL JES-FA 100 EPR
spectrometer operating in the X-band with standard TEO11l
cylindrical resonator. The sample was placed in a special EPR tube
and it was positioned in the center of the EPR cavity. All
measurements were made in air at room temperature.

The X-ray photoelectron spectroscopy (XPS) studies were
performed in a VG Escalab II electron spectrometer using AlKa
radiation with energy of 1486.6 eV under base pressure of 107 Pa
and a total instrumental resolution 1eV. The binding energies (BE)
were determined utilizing the C 1s line (from an adventitious



carbon) as a reference signal of energy of 285.0 eV. The accuracy
of the measured binding energy was 0.2 eV. The O 1s, Zn 2p, La
3ds;,, photoelectron lines were recorded and corrected by
subtraction of a Shirley’s type of background and quantified using
the peak area and Scofield’s photoionization cross-sections.

2.3. Photocatalytic study

The photocatalytic oxidative degradation of Reactive Black 5
(RB5) was carried out using 150 ml dye aqueous solution with
initial concentration of 20 ppm. Photocatalytic activity
measurements were accomplished using polychromatic UV-A lamp
illumination (18 W, 320-400nm) with a maximum of the emission
at 365 nm. The process of discoloration was monitored by UV-Vis
spectrophotometer CamSpec M501, based on the absorbance of the
dye solution in the wavelength range from 200 to 800 nm. The
samples were equilibrated in the dark for about 30 min before
switching on the illumination. In order to study the photocatalytic
activity of ZnO and La-doped ZnO materials, sample aliquots of the
suspension were taken away from the reaction vessel at regular time
intervals and filtered. The rate constant k was determined as the
slope of the linear dependence on time t: —In (C/Co)=kt (where Co
and C are initial concentration before switching on the irradiation
and residual concentration of the solution after illumination for the
chosen time interval at 599 nm absorbance maximum, attributed to
the peak of the diazo bond (-N=N-).

3. Results and discussion

The PXRD patterns of prepared non-impregnated ZnO and
impregnated La/ZnO samples thermally treated at 350°C and 450°C
are represented in Figures 1-4. The presence of ZnO phase (PDF-
36-1451) is determined in recorded PXRD spectra of all obtained
samples. No La-containing phases could be registered probably
because of the low content of La in the La doped ZnO
photocatalysts. The calculations of average crystallite size by using
PowderCell for Windows Version 2.4 software [9] show that the
prepared ZnO and La-doped ZnO materials are nanosized with
mean crystallite size of about 10-14 nm.
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Fig. 1 PXRD pattern of nanosized ZnO thermally treated at 350°C.
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Fig. 2 PXRD pattern of nanosized ZnO thermally treated at 450°C.
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Fig. 3 PXRD pattern of nanosized La doped ZnO thermally treated at
350°C.
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Fig. 4 PXRD pattern of nanosized La doped ZnO thermally treated at
450°C.

Electron paramagnetic resonance is a powerful tool to monitor
the paramagnetic charge states of vacancies/defects in ZnO. Figure
5a shows the EPR spectrum of ZnO nanocrystals at room
temperature, which shows the resonance signal at g=2.0784. This
signal was attributed to a shell, whose core contains high
concentration of surface defects [10]. Such defects have been
identified as negatively charged Zn vacancies acting as shallow
acceptors [11,12]. When ZnO nanoparticles are modified with La,
their EPR spectrum is changed. The spectrum is shown in Fig. 5b. It
is interesting to observe that, upon modification of ZnO with La the
number of Zn vacancies is decreased. This fact is evidenced by
decrease in the resonance signal at g=2.0784. In addition a single
EPR signal at the g value of 1.9749 has appeared. This signal is
attributed to positively charged oxygen vacancies acting as deep
donors [12]. Therefore the superior photocatalytic activity of
La/ZnO catalyst for oxidative degradation of RB5 dye is probably
due to the oxygen vacancies formed during deposition of La on the
ZnO surface.

— ~ 1 ‘* I r T 1 + T T 1T * T
225 250 275 300 325 350 375 400
Magnetic field, mT

Fig. 5 EPR spectrum at room temperature of: a) ZnO; b) La/ZnO
thermally treated at 450°C.



As it has already been discussed in our previous investigation
[13] on ZnO and doped ZnO catalysts the surface hydroxyl groups
play important role in the mechanism of photocatalytic oxidation.

The investigated O1s photoelectron spectra are represented in
Figure 6. It is obvious that there is presence of some more oxygen
groups (in addition to the lattice O%) in both types of ZnO catalysts
as well as in the La doped ZnO thermally treated at 350°C and
450°C. The thermal treatment at 450°C leads to appearance of more
defects in the both pure ZnO and La-doped ZnO. The higher
binding energy shoulder at around 5315 eV in the Ols
photoelectron spectra supplies evidence for that. The percentage of
this type of oxygen in the total amount of oxygen, evaluated after
deconvolution of the obtained spectra, is increasing from 26.4% up
to 35.2% for the ZnO (350°C) and ZnO (450°C), respectively. The
same tendency is observed for the La doped ZnO catalyst thermally
treated at either of the two temperatures. The percentage of the
oxygen, associated with defects, changes with the temperature
increase from 24.3% for La/ZnO (350°C) to 35.5 % for La/ZnO
(450°C) catalysts. It is worth mentioning here that the formation of
additional surface sites in the La-doped ZnO treated at 450°C was
detected, which we attributed to water adsorption. The La3ds;,
photoelectron peaks of both La-doped ZnO catalysts have been
subjected to deconvolutions process, too. The multiplet splitting is
typical of the La(OH); [14,15], which explains the existence of the
additional surface states detected over La/ZnO (450°C).
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Fig. 6 XPS spectra of nanosized ZnO thermally treated at 350 °C;
450°C and La doped ZnO at 350 °C; 450°C.

The photocatalytic activity tests showed that the higher degree
of degradation of RB5 dye was achieved in the case of La doped
ZnO in comparison with non-impregnated ZnO catalysts. The
doping with La influences both the adsorption capacity and
photocatalytic efficiency of the samples. As it can be seen from
Figures 7 and 8 the doped samples adsorb more dye than the non
doped photocatalysts. A. Neren Okte also reported that La dopant in
ZnO promotes higher adsorption capacity and the reaction rate
constant values for degradation of the azo dye (Methyl Orange),
which is in accordance with our results [4]. The calculated rate
constants of prepared nanosized La doped ZnO and ZnO materials
thermally treated at 350°C and 450°C approximating to first order
kinetics decreases in the following order La/Zn0O-350°C (30.4x10°
®*min) > La/Zn0-450°C (30.1x107 min™) > Zn0-450°C (14.7x107
min?) > Zn0-350°C (6.8x10° min™). The rate of oxidative
degradation reaction is also higher in the case of lanthanum doped
powders. Another research group has also proved the positive effect
of La on the photocatalytic degradation rate of the dyes [16].

1.04%
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Fig. 7 Reaction course as concentration ratio varying during the
photocatalytic oxidation of an initial concentration (Co) of 20 ppm RB5 dye,
based on changes in the intensity of the absorbance peak, corresponding to
azo bond (-N=N-) as a function of the time interval of irradiation.
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Fig. 8 Degradation of the RB5 dye solution (as conversion degree) after
120 minutes of UV-A illumination over nanodimensional ZnO and La doped
ZnO samples calcined at 350 °C and 450°C.

It is well known that the photocatalytic activity is closely
related to the concentration of defects on the surface of the
nanomaterials. The positive effect of lanthanum doping can be
explained by the formation of charged surface region due to the
surface donor defects on ZnO. The presence of such a region leads
to hindered recombination of electrons and holes pairs in ZnO
thereby enhancing the photocatalytic efficiency [1,17]. This
enhancement of photocatalytic activity of La-doped ZnO can also
be explained by more efficient charge carrier separation [18].

We have also studied the influence of calcination temperature
on the phase composition, structure and photocatalytic efficiency of
doped and non-doped samples. The non-doped powders treated at
higher calcination temperature exhibit higher activity than the
samples, treated at lower (350°C) temperature. This effect could be
due to the higher degree of crystallinity of the samples treated at
450°C (Figure 2). The effect of calcination temperature is less
pronounced in the case of doped samples: 99% vs 98% degradation
for thermally treated at 350°C and 450°C La/ZnO powders.

4, Conclusions

The present photocatalytic research work established that the
degree of degradation of RB5 dye using La doped ZnO is higher
than that in the case of non-impregnated ZnO photocatalysts. The
higher calcination temperature - 450°C for non-impregnated ZnO
leads to increase in the degree of degradation of RB5 (88%), which
is superior to that of the ZnO sample calcined at 350°C (69%). The
calcination temperature has only a slight effect on the degradation
rate over La doped ZnO photocatalysts: 99% vs 98% degradation
degree for those thermally treated at 350°C and 450°C, respectively.
The La doping of non impregnated ZnO samples leads to increasing
of their photocatalytic activity in the reaction of oxidative
degradation of RB5 dye used as model contaminant.
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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.

Keywords: NFC, CLOUD COMPUTING, DATA WARE HOUSE, M-COMMERCE

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 ldentification) 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 ldentification 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 ~05s ~6s
Range Up to 10 cm Upto3m Upto5m Upto30m

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



(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.

Mobile
Transport

m-commerce

P
Mobile

Tickets computing

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
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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;

» laaS (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



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.

Perceived Usefulness (PU)
IS N

Perecived Fase of Use (PEOLT)

TECHNOLOGY
ACCEPT ANCE MODEL

Social Influence (S1) — ™~

Personal Innovativeness in | INTENTION TO ADOPT NFC |
Information Technology (PIIT) -
//
PEYCHOLOGICAL -
SCIENCE CONSTRUCTS /

Perceived Risk (PR)

Perceived Financial Cost (PFC)

FINANCE-RELATEDR
RISKS

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 wvulnerable 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
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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.

Keywords: SCP TECHNOLOGY; RPSC; RPSC-MA, MICROWAVE MOBILE COMMUNICATIONS

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:

e  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;

e 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.
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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:

e Simple, cheap and flat passive antenna, suitable for mass
production;

e  One channel convenient microwave receiver with simple

signal processing;

e  Omni directional for the cooperative signal source, but

with high figure of merit G/T;

e  Selection of the different signal sources and polarizations

by PN-codes;

e Applications in existing Digital Video Broadcasting —

Satellite (DVB-S) systems with minor modifications of the

ground transmitters, compatible with the existing satellite

transponders;

e Multi-beam and soft handover features.
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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:

e 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;
e 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) isa 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:

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

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

e  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.
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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:

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

e 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:

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

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

e  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;

e  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
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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:

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

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

e The narrow beam-width reduces multipath propagation
problems;

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

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

e 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:

e There is an increase of complexity in the antenna;

o There will be losses in the RF-electronics in the antenna
which lowers the antenna efficiency;

e The use of non-linear devices in the antenna will demand
that spectrum issues be addressed;

e 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



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

e Improving the fade margin of GNSS in Ku-band.
e Drastically decrease of ionosphere propagation errors.

e 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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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(mod?2) 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
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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
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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 o and

O, (in the case of only two sources) as it is shown in fig.1. The



signals are phase modulated by appropriate PN-codes C,(t) and
C,(t). 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:
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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 C,(t) and C,(t)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;

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

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

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

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

be:
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SMSout (t) = Cl(QC T+ 7 Rl) @Cz (Qc 't+7' Rz) @ DMS (t)

C C

)

The BB signal, received by BS, will be additionally phase
shifted as follows:
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®)

2 2
SBSoul(t) = C1[Qc 't+7'(R1 + R)]@Cz[Qc 't+7'(Rz + R)]® DBS (t)
c c

Where D, (t) is the information signal at BB, transmitted
from BS to MS. The BB signal, received by MS, will be
additionally phase shifted as follows:
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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 Cl(t) and cz(t)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);

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

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

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

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:
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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:

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

e  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:

e 2 GHz - terminal up-link SC-CDMA;
e 2,2 GHz - terminal down-link SC-CDMA,;

e 1,6 GHz — GPS signals, used as satellite based sources of
PN signals;

e 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;

e 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:

e R —distance between MS and BS;
e  Ribs - distance between BS and the i-th GPS satellite;

e Ri bs leo,s — distance between a LEO,s and the i-th GPS
satellite;

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

_R
C

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

At )

ms

e 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.

e By means of a classical radio interface MS broadcasts
information about its space coordinates X ms, Y ms, Z ms in
ECEF coordinate system;

e  The MS processor calculates the distance R as follows:

R= SQR[(XBS - XMS)2 + (YBS _YMS)Z + (Zss - ZMS)Z] (10)

After that computes At ms with equation (9);

e  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 A4t i bs with (8).

e The calculated At ms and At 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 C is the speed of the light. The change
of the “wall density” R(t) of each sphere can be calculated, as
follows:
for

R(t) = A2(1— ti) (1)

C

R(t)=0 for t>t,

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 meters.

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



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 O, and o, (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 cl(t)and

C,(t) are recovered with their phases and used as follows:

e Transmitter site:

C,(t)and C,(t) 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.

U- PNIransmitter (t) = CI(QCt + ii Rl) ® Cz (Qct + il Rz) 12)

C C

Where 4. is the wavelength and (). is the angle frequency
of the used PN-code.

Tranzmitsr
CyHCy

Fig. 5 The basic SC-MRN geometry

e  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 r R, R, 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 R +R, by means of eq.14 and the

famous triangle method (using at least three receiver sites [2]).

13
U - PNz (0= G Qut+ ZE( R +Ry) JOC,[ 0t + 2Z2( R, +R,) ] (13
e A
. (14)

U - PN () =C)[ QCH%( R+R+R) |OC,[ QCHZ( R, +R+R) ]

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
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CI/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: Educational Data Mining is a new stream in the Data Mining research field. Analysing data generated within educational
institutions, incl. universities, schools, state agencies, NGOs and other organizations concerned with education, can provide valuable
information and knowledge to support decision making. The implementation of data mining methods and techniques for analysing student
data at universities is a very new approach that is successfully used at leading higher educational institutions worldwide. The extracted
knowledge from the available data, in the form of interesting patterns, rules and models, is then used for being proactive, i.e. for taking
adequate actions to solve eventual problems before they actually happen. The main purpose of this paper is to provide an overview of the
possibilities for using popular data mining methods and techniques to analyse student data in order to support the decision making for
various stakeholders, including lecturers, managers, administrative staff, and students.
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1. Introduction

All organizations are working nowadays in a very dynamic and
strongly competitive environment. That is valid not only for
companies operating in various business sectors, but also for
schools and universities, hospitals, non-governmental institutions,
etc. In order to survive and remain competitive, organizations need
to take timely, adequate and informed decisions that are based not
only on intuition and past experience. The globalization processes
and the rapid development of Information and Communication
Technologies have led to the generation and collection of large
volumes of data resulting from the fulfillment of business
transactions. However, the availability of data itself does not
provide advantages for organizations, unless that data is processed
with specialized analytical tools and transformed into valuable
information and knowledge to support decision making.

Data Mining is a term that refers to the process of knowledge
discovery from databases. Data Mining analytical tools are
powerful instruments for extracting existing patterns and models
from available data, and using the new knowledge for gaining
competitive advantages.

The Educational Data Mining field has been defined and started
to develop as a separate research stream during the last decade. It
refers to using data mining methods and techniques for extracting
valuable knowledge from data generated in the educational sector,
in schools, universities, colleges, etc.

Two review papers are providing an overview of the
Educational Data Mining research at the beginning of its official
promotion. The first paper is published in 2007 (Romero &
Ventura, 2007) in the journal of Expert Systems with Applications
and summarizes the topics, methods and achieved results during the
periods 1995-2005. The second one is published in 2009 (Baker &
Yacef, 2009) in the Journal of Educational Data Mining and reveals
the efforts in the field during the period 2005-2009. Several new
papers have also been published lately to review the performed
research in the Educational Data Mining field. Some of them are
presented to the social and behavioral sciences community
(Mohamad & Tasir, 2013), and others — to the data science and
information engineering community (Al-Razgan et al., 2014).

Higher education institutions collect unique data about their
students, including data about the student pre-university
characteristics and university performance. Important pre-university
features are for example the type of school where the student has
received the secondary education and especially the profile (e.g.
economics, sciences, languages, arts, sports, etc.), the region where
the student has finished the secondary education (sometimes there is
a substantial difference between the quality of education provided at
schools in main cities and in small villages), demographic
characteristics (gender, age, ethnicity), final secondary education
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score, results shown at the university entrance exams, etc. The
university performance characteristics include grades received in
different courses, test results, selected educational paths, etc. These
types of data are collected in all types of educational models - the
traditional classroom form of education, the distance education and
the online education. However, additional data is collected in
electronic education and that is the data available in the e-learning
system log files.

A general overview of the educational data mining process is
presented on Fig.1l. The main participants in the educational
processes at higher education institutions are the students and
lecturers, and the university management and administration staff.

Students provide data that is stored in various databases,
including data collected during admission campaigns, data resulting
from the student university performance and data coming from
student interaction with e-learning systems. Students also interact
with the University information systems, extracting information
about the schedule, test and exam scores, for selecting and
registering to various courses, etc. They can use e-learning systems
as well, if such opportunities are available in the institution.
Lecturers are using student data and university information systems
mainly for registering students in their courses, entering student
exam scores, providing learning materials for e-learning systems.
The university management and administration staff are responsible
for the collection and maintenance of the data in the various data
repositories, and for the proper operation and the authorized access
of different users.
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Fig. 1 Educational Data Mining

Unfortunately, most of the data that is available in universities
is not extensively used for analysis. Usually only the overall
registration and performance of students in different courses, or
specialties, or faculties, are calculated and discussed, but that
information is very limited and could not support timely and



effective decision making. The implementation of advanced
analytical tools, like the methods and techniques for data mining,
could contribute substantially to the thorough analysis and
extraction of new knowledge from the available data. That
knowledge could be used by the university management and
administration for improving the organization and implementation
of the educational processes, and by the lecturers and students for
improving the quality of education.

2. Application of Data Mining Methods and Tools
in the Educational Sector

The overview of the published research, concerning the
application of data mining methods and techniques in the
educational sector, reveals that the problems which are most
effectively supported by data mining analyses include university
marketing and student retention, analyzing and improving student
performance, using different teaching approaches and learning paths
depending on the individual student peculiarities, optimizing the
organization of the educational processes (e.g. predicting student
registration in programmes and courses, optimizing lecturers’ loads,
optimized use of classrooms and computer resources, etc.),
managing research funds and alumni management.

Universities are operating nowadays in a very competitive
environment. The problems come, on one hand, from the decreasing
number of potential candidates, which is resulting from the negative
demographic tendencies available in many of the European
countries, including Bulgaria. On the other hand, the variety of
opportunities for studying abroad is constantly increasing. Young
people often choose to study at prestigious universities all over the
world, e.g. in the UK, Germany, the Netherlands, the USA, instead
of finishing higher education at their own countries. Moreover, the
opportunities for studying abroad are constantly increasing —
universities are providing scholarships and preferable conditions,
countries are offering student loans and support, etc.

Because of the strong competition, universities have to make
additional efforts to attract students and to organize extensive
marketing campaigns among potential candidates. However, in
order to optimize the costs and to increase the effectiveness, they
have to reach the most appropriate students or exactly those who
will eventually apply for the university. Data mining methods and
techniques could provide very useful information for those
purposes, by identifying the most important characteristic features
and depicting the profile of the students that most often study at the
university.

A serious problem for universities in recent years is student
retention. The number of students who cannot finish their education
for various reasons constantly increases. The university
management is often strongly concerned and therefore needs to
analyze the available data to establish the reasons and identify
adequate actions.

Predicting student performance has been of interest for various
researchers. Vandamme et al. use decision trees, neural networks
and linear discriminant analysis for the early identification of low,
medium and high risk students (Vandamme, Meskens & Superby,
2007). The implementation of predictive modeling for maximizing
student recruitment and retention is presented in the studies of
DeLong (DeLong, Radclie & Gorny, 2007) and Noel-Levitz (Noel-
Levitz, 2008). Cortez and Silva attempt to predict student failure by
applying and comparing four data mining algorithms - Decision
Tree, Random Forest, Neural Network and Support Vector Machine
(Cortez & Silva, 2008). Dekker et al. deal with predicting students
drop out (Dekker, Pechenizkiy & Vleeshouwers, 2009). The
development of enrollment prediction models based on student
admissions data by applying different data mining methods is the
research focus of Nandeshwar (Nandeshwar & Chaudhari, 2009).
Kovaci¢ (Kovaci¢, 2010) uses data mining techniques (feature
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selection and classification trees) to explore the socio-demographic
variables (age, gender, ethnicity, education, work status, and
disability) and study environment (course programme and course
block) that may influence persistence or dropout of students,
identifying the most important factors for student success and
developing a profile of the typical successful and unsuccessful
students. Ramaswami et al. focus on developing predictive data
mining model to identify the slow learners and study the influence
of the dominant factors on their academic performance, using the
popular CHAID decision tree algorithm (Ramaswami & Bhaskaran,
2010). Yu et al. explore student retention by using classification
trees, multivariate adaptive regression splines (MARS), and neural
networks (Yu, DiGangi, Jannasch-Pennell & Kaprolet, 2010).

The analysis from the performed review shows that various data
mining methods for classification are most often used for predicting
student performance and for finding the factors that influence
strongly student retention. Decision tree algorithms and neural
networks are the techniques of interest for many of the researchers.
However, association analysis and clustering are also data mining
techniques that are used to solve problems in the educational field.

Association analysis is for example successfully applied for
supporting the developers of electronic course content - for
optimizing the organization and usage of available resources, for
finding common mistakes that many students make, for giving
personalized assignments with different difficulty level, etc. (Saini,
Sona, Veeramachaneni & Ronchetti, 2005). The association rules
approach is also used for finding interesting relations between the
characteristic features of students (Minaei-bidgoli, Tan & Punch,
2004), and for suggesting suitable activities and resources in the
learning process (Zaiane, 2002). That kind of information could be
very useful to lecturers and could contribute to increasing the
quality of provided education.

Knowledge, extracted by applying clustering techniques, could
be very useful for grouping students with similar characteristics and
using different models for effectively delivering learning content to
learners with differing learning needs (Zakrzewska, 2008). Kumari
et al. also use clustering approach, and the K-means clustering
algorithm in particular, to group students according to the achieved
grade values (i.e., Excellent, Good, Average and Poor or Fail) and
to find the best cluster centers for attributes like attendance,
sessional marks, assignment marks, etc. (Kumari, Nabi & Priyanka,
2014).

The improvement of educational processes and the increasing of
institutional effectiveness and efficiency by applying suitable data
mining techniques are problems that have been discussed starting
more than 10 years ago (Luan, 2004). In 2008 researchers provide
also guidelines for using data mining to support the decision making
processes at higher education institutions (Delavari, Phon-
Amnuaisuk & Beikzadeh, 2008).

3. The Data Mining Process

The review of research activities focused on applying data
mining methods and techniques for analyzing student data, provided
above, shows that many leading universities have started to initiate
and implement data mining projects in order to thoroughly analyze
their data and transform it into valuable information and knowledge
to support decision making.

The approach that is recently most successfully used for
implementing data mining project in various industry sectors,
including the educational field, and for organizations of all size, is
the so called CRISP-DM model (Cross-Industry Standard Process
for Data Mining), which is considered a standard approach for data
mining process realization. It is a cyclic approach, including six
main phases — Business understanding, Data understanding, Data
preparation, Modeling, Evaluation and Deployment, and a number
of internal feedback loops between the phases, resulting from the



very complex non-linear nature of the data mining process and
ensuring the achievement of consistent and reliable results. The
main project phases and activities, to be accomplished during the
implementation of a data mining project, based on the CRISP-DM
model, are presented on Fig.2.
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Fig. 2 University Data Mining Research Project Implementation

During the first stage (Business Understanding), the application
processes for student enrollment at higher education institutions
have to be carefully examined, including the formal procedures and
application documents, and the most important problems for the
university management should be defined. In the second stage (Data
Understanding), the types of data collected from the university
applicants and the enrolled students, and that is stored in the
university databases in electronic format, should be identified. At
this phase, discussions with university management and
representatives of the administrative staff, who are well informed
and responsible for the university data collection, storage and
maintenance, could be very helpful for the successful project
implementation.

In the third stage (Data Preparation) it is necessary to decide
what data to use for the realization of the defined data mining
research tasks. Very often, the available data is stored in various
systems and in different formats, and therefore the selected data
should be integrated before further processing. The data integration
requires also data cleaning, aggregation and transformation, which
are also performed in the data preprocessing phase of the project
implementation. The next steps include exploring data by using
various statistics and visualization techniques.

During the fourth stage (Modelling), the selected data mining
techniques are applied. An example for the realization of the
classification data mining tasks is shown on Fig.2. The defined
business problem, predicting student performance
(Successful/Failed) based on their personal, pre-university and
university characteristic features, in data mining terms is considered
a classification problem. However, in the general case, association
analysis and clustering are other data mining tasks that could be
implemented. The next step is to select the algorithms that should
be used for realizing the defined data mining tasks. For example,
the classification task could be carried out by applying different
methods (e.g. decision tree, neural networks, K-nearest neighbor
approach, rule learners, etc.) and various algorithms (e.g. the
decision tree method could be applied by using CART or C4.5
algorithms). Clustering could be realized by using partitioning
algorithms (e.g. K-means, K-medoids), hierarchical algorithms, or a
combination of both types.

The extracted knowledge, e.g. in the form of classification
models, association rules or established clusters, is then evaluated
(in the fifth stage — Evaluation) and used (in the sixth stage -
Deployment) for solving the initially defined business questions
(the important problems identified by the university management).
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The data mining project implementation process is cyclic and
iterative. The outcomes of each phase could lead to the necessity of
going back to previous stages in order to improve the results that are
input to next phases. The solving of the defined business problems
during the project implementation could also lead to the
identification and definition of new problems that could be solve by
using data mining methods and techniques.

Conclusions

Universities today are operating in a very complex and highly
competitive environment. They are collecting and keeping large
volumes of data, referring to their students, the organization and
management of the educational process, and other managerial
issues. However, managerial decisions are rarely taken based on the
information and knowledge that could be extracted from the
analysis of the available data. In order to achieve this, they should
be introducing innovative management approaches supported by
progressive methods and techniques.

Modern universities should focus more on the profile of
admitted students, get aware of the different types and specific
student characteristics based on the received data and take a
decision if they have all the data needed to analyze the students at
the entry point of the university or they need other data to help the
managers support their decisions in how to organize the marketing
campaign and approach promising potential students.

The implementation of data mining methods and techniques for
analyzing student data at universities is a very new approach that is
successfully used at leading higher educational institutions
worldwide. The extracted knowledge from the available data, in the
form of interesting patterns, rules and models, is then used for being
proactive, i.e. for taking adequate actions to solve eventual
problems before they actually happen.
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Abstract: In the article is described the creation of animation in Adobe After Effects. The computer animation is considered as a way of
modeling and demonstration of various processes. For the realization of the animation are used expressions of Java Script.

Keywords: COMPUTER ANIMATION, EXPRESSIONS, JAVA SCRIPTS, ADOBE AFTER EFFECTS

1. Yeoo

KommrorspHata aHmMammsi € BHUJ aHHUManus 3a KOSITO ce
U3I0J13Ba KOMITIOTBD, IMPOM3BOJHA OT KOMIIOTBPHaTa Tpaduka,
HaMHpalia MpPUIOKEHHE B pa3BlIEKaTeNHUs Ou3HEC, KHHOTO,
KOMITIOTBPHUTE UT'PH, HAYYHUTE U JIETIOBUTE CHEpPH.

AHNMUpaHETO Ha OOCKTHM B KOMIIOTbpHATA aHUMALUS Ce
peanusupa upes:

AHumayus ¢ Ko4oeu Kaopu

Bupn 6m3bk 10 TpamWIMOHHATA PUCYBATEIHA aHUMAIUS, MPU
KOSITO CE U3I0JI3Ba KOMIIOTHP. 3a TeHepHpaHe Ha MEKIMHHY KaJpu
ce M3IOJ3Ba CIeNMalHa KOMIIOThpHA MporpaMa. IBHXEHHETO ce
OCBILECTBSABA YPe3 MATEeMaTHYECKH M3YMCIEHHS 3a 3allbJIBaHE Ha
MPOMEHUTE B MEKIHMHHUTE KaJIpH, MEK/Y IBa KIIIOUOBH Kaabpa. [1]

3anuc na osusicenus

3a modydyaBaHe Ha JaHHUTE CE€ U3II0N3BA  CICIUAIHO
o0opyaBaHe C pealHO ABIDKENIW ce OOEKTH, IpeHacs ce TAXHaTa
UMHTALHS BPXY KOMITIOTBP. Peanusupa ce, upe3 Motion Capture.
AXTBOpHTE Ca ChC CIICNUATHN KOCTIOMHU C JaT4WIN 32 JBWKCHUE,
U3MOI3BaT Ce KaMepu 3a 3amuc, o0paboTBar ce  ChbC
CHeLHANTU3UPAHU IPOTPAMH.

Ilpoyedypna anumayun

Bux aHuManus mpu KOSATO JBIKEIIOTO CE H300pakeHHe, ce
reHepupa aBTOMAaTHYHO B PEXHM Ha PEaJHO BpeMe, 3aJaleHH ca
HpeIBAPUTEITHO ONPEAEIICHN 3aKOHH, IPaBHJIa M OrpaHUdYeHusL. [2].

C mpoue/ypHaTa aHUMAIIUsL CE peai3upa:

o Cumynanusi Ha (U3MYECKO B3aUMOJICHCTBUEC HAa TBHPIU
Tena.

. Wmuranus Ha ABMKCHUE HA YaCTUIIM, TA30BE U JP.

. HMmuTanus Ha B3aUMOJSHCTBHE HA MEKO TSLIO.

. CumynupaHe Ha He3aBUCHMO JBIKECHHE Ha TEPOil.

Ilpozpamupyema anumayus

E3I/II.[I/IT€ 3a [porpaMupaHe Ha JIBMKCHUEC HAa aHUMHUPaHU 00ekTH
ca:

- Java-Script
- Action Script

IIpenuMcTBO Ha TporpamMHupyeMaTra aHMMalHs € HaMaJeHHs
pasmep Ha wu3xoxHus ¢aiin. HemocrtaTbk - HaToBapBaHETO Ha
mpouecopa.

2. Ilpunoswcen cogpmyep u mamemamuuecku
3asucumocmu
C Adobe After Effects ce cp3maBaT NpoeKTH, KOMIIO3HUIIHHY,

cioeBe, Macku U jgobaBsHe Ha pa3muyHu edekt. I[Iporpamara
MpPENOCTaBs B3MOXKHOCT Aa OBJe M3MO0N3BaHA, KAaTO CPEACTBO 3a
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peanusupaHe Ha JOOPH HJIEH B PEATHOCT, Ch3/aBalKM aHUMAIIHY,
noOmmkaBall ce 10 AedcTBuTenHocTra. [lpm ckpumrToBeTe ce
TeHepupa KOJ, CBCTOAIl c€ OT Habop OT HHCTPYKIHH,
aBTOMATU3HUpaIl] IIpoLeca 10 BpeMe Ha U3ITbIHEHHUE.

B e3uxbT Java Script Bceku eneMeHT € 00ekT. Beexu o0exT ce
XapaKkTepu3upa CbC COOCTBEHHM aTpuOyTH W 3HA4YEHHWs Ha
rmapaMeTpure, KOWUTO TH OTIMYaBaT OT JpPYrHTe OOEKTH.
ABTOMAaTH3MpPAHETO Ha 3aJa4M, KOUTO CE MOBTAPSIT MHOTOKPATHO Ce
peanmsupa ¢ Java Script.[4,5]

B Adobe After Effects pemakroppT 3a CKpUNTOBE €
ExtendScript Toolkit. Expressions — wu3pasu, KOMTO ca Majku
nporpamu Ha JavaScript moanmomMaraiy cb31aBaHETO HA AHUMAIIHUH.
E3uKbT Moxbpka BCHUKH ONEPAaTOpu U (PyHKIMH HEOOXOAMMH 32
TSHOTO Cbh3JaBaHe. Expressions ca BCHYKM MHCTPYKIMHU HaIHCAHH
3a CBOMCTBOTO Ha CJOs, C L€ Ja Ce IOCTHIHE ONpeNesIeHO
3HAQUeHWe Ha TOBa  CBOMcTBO. 3pasure  ocbmiecTBSBaT
JUHAMUYHATa BPB3Ka MEXAY pa3IMUYHHTE CBOHCTBA Ha cilos. Te
MOATIOMAraT aBTOMATH3MPAHETO Ha Ipoleca IO Ch3JaBaHE Ha
JIECETKH WJIM CTOTHIM KIFOUOBH KaJpH Ha pbKa. [6,7]

Mznon3BaHeTo Ha expressions € C el HaMaJsIBaHE Ha BPEMETO
M0 Ch3JaBaHE Ha CIIOKHH B3aHMMOJCHCTBUS MEXAy e(pEeKTHTE Ha
CIIOEeBETE, KaTO C€ Ch3JaBa BPb3Ka MEXIY TEXHHTE CBOMCTBa, 3a
peayn3anus Ha CIO0XKHH JEHCTBUS C TIPOCTU METOAH. [3]

Mamemamuuecku 3aeucumocmu

MareMaTH4ecKuTe 3aBUCHMOCTH HAMHMPAT [PUIOKEHHE B
Adobe After Effects. Te mo3BossiBar na ce M3Moy3BaT GopMyin 3a
pa3MYHUTE TapaMeTpu Ha JaJCHUTE CJIOEBE, KOETO JaBa
BB3MOKHOCT JIa C€ Ch3Jaje NpolecyalHa aHuManus, 0e3
M3MOJI3BAaHE HA KIFOUOBH Kajapd. MoIUTa MpU H3IOJI3BAHETO HA
MaTeMaTH4YECKH 3aBHCHMOCTH € Ch3J[aBAHETO Ha MPOrpaMeH KO,
HAllMCAaH OT CTYJAEHTH WM NPOrpaMucTH. M3moi3BaHeTo Ha
MaTeMaTH4YeCKH 3aBHCHMOCTH [O3BOJISIBA 3a/[aBaHETO Ha TO-
peaNuCTHYEH BHJI Ha JaJIEHOTO JENHCTBHE.

3. Pewienue na nayunus npooiem

Xapmonuuno osusicenue

Benukn  BBIHOOOpasHM — JIBIDKCHHS, — BKJIIOUHTENHO U
XapMOHMYHMTE, CE€  XapakTepusupaT ¢  JIB€  OCHOBHU
XapaKTePHCTHUKU:

. JbJDKMHA Ha BbIIHATA

. aMIUTUTY 1A

IIpocTa XapMOHHYHA BBJIHA CE HAapuya BBIHA, B KOSTO BCSKa
yacT OT cpejara M3BBpPILBA HE3aTHXBALIO XapMOHUYHO TpEITEHE.
Ha ¢wur. 1 e wmoctpupana mnpocra xapMoHHYHAa BbiHA. C
IbJDKAHATA Ha  BBbJIHATA CE  OIMCBA  IPOCTPAHCTBEHATa
MEPUOJUYHOCT HAa BBIHOBUS IIpolec. AMILIUTY/Aa Ha BBJIHATa €
MfApKa 3a MaKCHUMajHaTa CTOHHOCT Ha OTKIOHEHHETO OT
PaBHOBECHOTO TMOJIOKEHNE Ha TPENTSIIA YAaCTHIIA 33 €HH NEPHOI.
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4. Pesynmamu :
3a peanusanus Ha BbIIHATA Ca U3NOI3BAHU TPUTOHOMETPUYHUTE : T W

¢ynkmuu sin(x) u cos(x). OcobeHocT Ha 3aTHXBAIIOTO KoJeOaHHe
e, 4e NpM NpOMSHA Ha aMIUIMTYyAaTa Ce Ch3JaBa PEaTUCTUIHO

> P P YA A p Due. 4 Peanuzayus Ha 8baHA ¢ HAMALEHA AMIIUMYOA
JBIDKEHHE HA aHUMAaNusITa, Hoka3aHu Ha ¢ur.2 u ¢ur.3.

x=Math.sin(time)*180 CnoxHHU Koje0aHus Morat 1ia ObAaT peaau3upanu upes:

. cpOHpaHe Ha KosebaHue,;

rest=position;
add(rest, [x,0]);

. YMHOXEHHE Ha KoJiebaHue;

Cnbupane Ha KojebaHHe € IToKa3aHo Ha ¢ur. 5

Que. 2 Peanuszayus Ha 8baHa ¢ QyHKYUAmMa sin(x)

x=Math.cos(time)*180

Due. 5 Peanuzayus Ha 8vana - cvbupane na korebanue

frequency_o0=2;
rest=position;

add(rest, [x,0]);

amplitude_o0=10;

frequency_t=1;

amplitude_t=20;
wave_o=Math.sin(time*frequency_o)*amplitude_o;
wave_t=Math.sin(time*frequency_t)*amplitude_t;
y=wave_o+wave_t;

X=time*12;

add(effect("Write-on').param(1), [X, Y]);

VYMHOXKEHNE Ha KoJleOaHue

C yBenuuaBane Ha Oposi Ha TPENTEHMATA Ce yBEIMYaBa
CIIOXKHOCTTa Ha mpoueca. Ha ¢ur. 6 e mokasaH mporeca Ha
YMHO)KCHHE Ha BHCOKOYECTOTHH M HHCKOYECTOTHH TPENTEHHS C

VCKOpeHHUSIT Tpoliec Ha 3aTHXBaHE Ce PEaM3Upa ChC CICOHUS  pa3iIHYHH aMILIATYIU.
porpameH (pparMeHT: TR

@uz. 3 Peanuszayusi Ha 6vana ¢ Qynkyusma cos(X)

frequency=3;

amplitude=linear(time, 0, out_point-1, 90, 0);
rest=position;
x=Math.sin(time*frequency)*amplitude;
add(rest, [x,0]);

Ha ¢wur.4 e mokaszana peanu3auds Ha BbJHA C HaMaJeHa
aMIUIATY1A.

Que. 6 Peanuzayus Ha 6bIHA — YMHOJICEHUE HA KOneOanue
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[Iporpamna peanu3zanus:

frequency_o0=10;

amplitude_o=5;

frequency_t=1;

amplitude_t=10;
wave_o=Math.sin(time*frequency_o)*amplitude_o;
wave_t=Math.sin(time*frequency_t)*amplitude_t;
y=wave_o*wave_t;

x=time*32;

add(effect("Write-on').param(1), [X, Y]);

5. 3axnrwuenue

JloknagbT € HAacoYeH KbM CTYJCHTH WM IPOTPAMHUCTH, B
oOmacTra Ha KOMITIOTbpPHAaTa aHMMauUMs [OOJMIKaBama ce M0
peanHoctta. B expressions ca  U3MOJ3BaHM  OCHOBHH
MaTeMaTH4eckl (QYHKLIUHM 32 TMOCTUTaHe Ha BU3YyanHH e(peKTH u
JBIKeHHe Ha rpaduka. [IpunokeHreTo UM B aHUMALUATA € C e
MMOCTUTaHEe Ha KOHTPOJ M €(EKTHBHOCT, KOWTO HE MOXe Ja Oble
peanm3upaH ¢ TpaaulMOHHW TexXHUWKW. [Ipemnara ce momxox, 3a
TeHEepHUpaHe Ha aBTOMATHYHO XapMOHHYHO JBIDKEHHE. METOIbT €
MPWJIOKHAM B Pa3NIMYHH OOpPA30BATENHH NPOTPaMH, KOMITIOTHPHU
UTPU U PEKIIaMH.
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AHAJIN3 HA TPAHCITIOPTHA 3AJAYA. MATEMATHYECKHN MOJAEJI. METOIHN
3A PEHIEHUE. KOMITIOTBPHA PEAJIM3ALUNSA YPE3 SOLVER OT MICROSOFT
OFFICE EXCEL

ANALYSIS OF TRANSPORTATION PROBLEM. MATHEMATICAL MODEL. SOLUTION METHODS.
COMPUTER REALIZATION BY USING SOLVER FROM MICROSOFT OFFICE EXCEL
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Abstract: In the paper is presented transportation problem, such as task from the field of linear programming. Three methods for
solution are showed - distribution method, u-v method and computer realization by using Solver from Microsoft Office Excel. The proposed

methods are used for solutions of practical application tasks.

KEYWORDS: TRANSPORTATION PROBLEM, OPTIMAL SOLUTION, DISTRIBUTION METHOD, U-V METHOD, METHOD
OF NORTHWEST CORNER, METHOD OF MINIMUM ELEMENT

1. Yeoo

TpancropTHara 3aja4a ¢ 3ajaya Ha JMHCWHOTO ONTHMHpAHE.
TpaHCIOPTHUAT MOJEN HAMHUpa TPHIOKEHWE NP pEllaBaHe Ha
3a/1laull CBBP3aHH ChC CHCTaBSHE Ha pasNUCaHUs, Ha3HAYCHHE HA
nepcoHana, pasmpejeieHre Ha ToBapu W Jp. OCHOBHara 3ajava,
KOSATO TpsiOBa Ja ce pelld TMpeAd OlpelesisHe Ha ONTHMAIHO
pEllCHHE, € Ch3IaBaHETO HA MAaTEMaTHYeCKH MOJeN U Hu30op Ha
AITOPUTHM 3a TMONydyaBaHe Ha pesynrara. CIOXHOCTTa Ha
Ch3/IaJICHUTE MaTeMaTHYEeCKH MOJETH, Oposi Ha OrpaHHYCHHATA,
BPEMETO 3a IOJIyYyaBaHe Ha PELICHUETO Ca YacT OT MPUYHHH, KOUTO
HajaratT HM3IOJ3BaHETO Ha codTyep 3a peulaBaHe Ha 3ajadyara.
CpenctBoto Solver ot Microsoft Office Excel Moxe na ce uznonssa
3a pellaBaHe Ha 3aJa4d OT TPAHCIOPTEH THI M 32 PEIIaBaHe Ha
3ajaun OT Apyru obnactu [1].

B foknama € NpencTaBeHO pENICHWE Ha €IHA KIACHYecKa
TPAHCIIOPTHA 3a1aua. PEIIEHUETO € PEeaTn3upao Ype3 M3IOJI3BaHE
Ha OCHOBHH MAaTeMaTHYeCKH METOIH — METOJ Ha MOTEHIHAINTE U
pasmpeleNuTeNeH  METOJ, KAakTo W 4pe3 H3MOJN3BaHE Ha
KoMIOThpeH codryep. [IpuunHuTE 32 M300p Ha MHCTPYMEHT OT
Microsoft Office Excel ca mnopomenun or mOmMyasipHOCTTa Ha
MPOJIYKTa, YIOOHHAT ¥ JECEH 32 U3MOI3BaHe HHTepdeiic.

2. Mooen na mpancnopmua 3aoaua

2.1. Hxkonomuuecku mooden Ha MPAHCHOPMHA
3a0aua

Jlanenu ca:

1. Ay A, ..., An— IPOU3BOAUTENN HA €THOPOAHA IPOAYKIUS

C aj € 03Ha4EHO KOJIMYECTBOTO MPOLYKLHUS, KOETO Ce MPOU3BEKIA
or i~ ™ npousBoauren, KpaeTo i=1, 2,...,m.

2. By, By, .....,B,— norpebutenu Ha mpoayKIHATa MIPOU3BEICHA
OT NMPOU3ZBOIUTENHUTE Ag, Ay, ......,AN

C bj e 0003HaYEHO KOINMYECTBOTO MPOIYKIHMS, KOATO €
HeoOxoxuMa Ha j~ " moTpeburen, Kpaero j=1, 2,......

3. Cjj- MaTpula Ha TPAHCIIOPTHUTE PA3XOAH, Kato i=1, 2,...,mu
=1, 2,...... , n.

Len - PasnpenensHe Ha HaJW4HATa NPOAYKLMS, MPOU3BEIEHA
OT MPOU3BOJUTEINTE, MEXKIY HOTPEOUTENNTE, CHOOPA3HO TEXHUTE
MOTPeOHOCTH Taka, 4e OOMmuTe TPAaHCHOPTHH pa3Xxoiu da Obiar
MUHHMMAJHU.

BI/IZ[OBe TPpaHCIIOPTHU 3aavu:

1. 3arBopeH THI — OOIIOTO MPOU3BEICHO KOJIMYECTBO € PAaBHO
Ha obmrara moTpedHOCT

(D) EZia; = E?:lbj
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2. OrtBoOpeH Tl
2.1. o0moTO MHPOU3BENEHO KOJIMYECTBO € IO-TOISIMO OT
obmara morpeGHoCT

@) EZia: = Eai by-
2.2 oOmoro morpedieHue e
TPOU3BOJICTBOTO [5]

(3) Z b; > z @;

2.2. Mamemamuuecku mooesl HA 3AMEOPEH MUN
mpancnopmua 3aoaua

MO-TOJISIMO  OT  OOIIOTO

C Xjj € 0603Ha4€HO KOIMYECTBOTO HPOIYKIHsA, KOATO LIE CE
TpaHCIOPTHPa OT i~ ' mpou3BoAMTEN KbM j~ ™ mOTpeOUTEN

(4)
OrpaHu4eHus:
®)

Ia Objic PABHO Ha POU3BEICHOTO
(6) EE‘;LXU =b; j=1....n - NOTYIEHOTO KOMMIECTBO /1A

ObIe paBHO HA HEOOXOJUMOTO

7o Mmoo K -
I =YE 551G Kij —min — Lenesa QyHkius

E_?:LX[_{ =a; i=1l,...m — JOCTaBEHOTO KOJMYECTBO

(M &y=zoi=l..mj=l..,m - yciosue 3a
HEOTPHIIATENHOCT Ha HEM3BECTHUTE BETHYHHU
(8) & —uweam=mena, {=1l..m j = l.,m - ycnosue

3a HCJIOYHCICHOCT HA HCU3BCCTHUTEC BEJIMYUHU

2.3. Mamemamuuecku mooesl HaA OMEOPEH MUN
mpancnopmua 3adaua
m

T —
L=

9)

Ci_i'Xi_i' —min

1

n
1j=

i
ITpu orpanndenus 3a (2)
(10) L X <ap i= Lo.m
(11) TE, X =by j=1,mn
(12) ¥;=z0i=1..m j=1..n
Ilpu orpanuyenus 3a (3)
(13) E_?:LX[_{ =a; i=1..m

(14) EEXy =by j=1l..m
(15) Xl:_i. =0, i=1,..,m, _ll =1, l,-r_',[6]



Besika TpaHCIOpTHA 3ajaya OTBOPEH THI MOXKe Ja Oble
CBEJICHA JI0 TPAHCIIOPTHA 3a/a4a 3aTBOPEH THIL, Ype3 BbBEK/IaHE Ha
¢uktEBeH  morpeburen 3a  (2) ¢ motpeGHoct  (16)

—_ m n
bpe = Eizia; —Ei=yb; n Hynes tpancnopren pasxon (17)
Cins1=0,i=1,..m u duxrusen npoussomuren 3a (3) c
npomseoactBo  (18)  @p., = E_ii'-’=1 bi— ¥M,a; U Hyles
Tpancropren pasxon (19) Cpyy =0, j = 1,.m

Ha ®wr. 1 e nokasaH aJropuThpM 3a peliaBaHe HA TPAHCIIOPTHA

3anaya. [2] @

Onpenensme Ha Ha4daJIHO JO0IyCTHUMO 06asuCcHO
peueHue. (MeTOZ[ Ha CeBEpoO3anaaHus bI'bjl, METOL
Ha MUHUMaJTHUA GHGMCHT)

N

IpoBepka 3a ONTHUMAIHOCT
(pasmpesieUTeIeH  METOJ,
METOJ1 Ha MOTCHIAINTE)

Cp3naBaHe Ha
No00pEH IUIaH

M3Bexxnane Ha
ONTUMAITHOTO
perienune

@Due. 1 bnox — cxema 3a pewienue Ha MpaAHCROPMHA 340a4d.

3. IHocmanoska u peuiernue Ha 3a0auama.

Pezyamamu u ouckycus.
IlocranoBka Ha 3afauara.

®dupma 3a IPOM3BOACTBO HA MEOCIIH IPUTEKABA TPH 11eXa U TPH
CKIaJa 3a TOTOBa MpPOAYKUMA. JIHEBHOTO NPOU3BOACTBO Ha
uexosete e: Llex 1 — 200 u3nmenus, Lex 2 — 110 uznenus, Lex 3 -
140 w3menus. JlHeBHOTO moTpebiicHne Ha ckianosere e: Crman 1 —
120 m3nenus, Cxitax 2 — 180 uznenus, Cxitan 3 — 150 uznenus

TpaHCIOPTHUTE pPa3XOJW 3a TPEBO3 HA EIHO H3JCIHE OT
KOHKPETHHSAT MPOU3BOUTEN JI0 KOHKPETHHS TOTPEOHTEN ca JaCHU
B Ta6nwuma 1.

Taénuya 1. Tpancnopmuu pasxoou 6 nesa.

Cxaax 1 | Cxmag2 | Ckimag 3
Ilex 1 3 4 5
Iex 2 4 2 6
Ilex 3 7 3 1

Iem: da ce cbcTaBM INIaH 3a NPEBO3BaHE HA M3JEIMATA OT
LIEXOBETE N0 CKIAJO0BETe IPH, KOWTO Ce MHHUMH3UpPA CyMapHHUS
TPaHCHOPTEH Pa3XoJ.

Etanm na pemenue Ha npobnema:

1. OmnpenensHe Ha THINA HA TPAHCTIOPTHATA 3a/a4a

0610 npoussoacTBo — (20)
Z r; =450

061110 orpedaenue — (21) ? b.— 450
=

TpancnopTHara 3agada € 3aTBOPEH THII, 3alIOTO CHIIECTBYBa
OanaHc MeXIy ABETE BETMYHHH.
2.  Cwp3raBaHe HA MAaTEMaTHYECKHA MOJIEN

(22) 7= 3 Xy + 4%, +5.X5 + 4%y + 2.Xy, + 60Xy + T Xgy +3.X, + Xy = MiN

Eyy +xpg + g = 200

Xgg + K77 257 = 110
Xgs + Xz txzp = 140
Xyg + Xgg + =1zZ0

Xyz + Xopp + Xz = 180
Xyg + Koz + =150
=0 i=1..m j=1l..n
X;; —ueanEnoaa. i=1..m. j=1...n

ij

O6musr Opol Ha npoMeHIMBHTE € m.n. bpoar Ha
orpanndenusTa ¢ mtn. C m e o603HaueHo Opos Ha penoBere, a ¢ N
— Opos Ha KooHuTe [4].

3. OmpenensHe Ha HAYAITHO JIOYCTUMO OA3UCHO PEIICHUE
3.1. Mero/ Ha ceBepo3anaHusl brbi
[Tnan Ne 1 e npencraBen Ha Tabmuna 2.
Tabnauya 2. PasnpedeneHue Ha uzdeauama no memoo Ha ceeepo3anadHus
bebI.

Cxian 1 Cknang 2 Cxian 3
Iex 1 120 80 - 200/80 /0
Iex 2 - 100 10 110/10/0
Iex 3 - - 140 140 /0
120 180 150
0 100 140
0 0

3.2. MeroJ Ha MUHUMAJIHUS €IEMEHT - MPU BCSKa CTHIIKA Ce
M3BBPIIBA MAaKCHMAJIHO H3BO3BaHE HA TOBapa OT KIETKAaTa C
MHHHMaiHa Tapuda.

Tabnuya 3. PasnpedeneHue Ha u30eauama no memood HA MUHUMGAAHUA
esemeHm

Ckmag 1 Ckmag 2 Ckmag 3
Ilex 1 120 3 70 ¢ 10 ° | 200/80 /10/0
Llex 2 4 110 2 61110 /0
Iex 3 7 3 140 '] 140/0
120 180 150
0 70 10
0 0

BbB BcekH IUIAH IBJIHUTE KIETKH ca 0a3sMCHU NPOMEHIIMBH U
Tpsa6Ba na ObmaT m+n-1, a mnpa3sHUTE KICTKH ca CBOOOIHH
TIPOMEHJINBHL.

4. Tlposepka 3a ontumanHocT Ha [Imam Ne 1 ompenenen mo
METO/Ia Ha CeBepO3aaaHus BI'bL.
4.1.Meron Ha MNOTEHIMAINTE — BBBEXIAT C€ CHENUAHU
MPOMEHINBH HapeyeHH moTeHimand. ChcTaBd ce cHCTeMa
JUHEHHN anreOpHYHH ypaBHEHHS. Y paBHEHHUATA ce GOPMHUPAT 1O
dopmynara (23) U; + ¥; = Cyj, kpaero U n Vj ca noternmanm, a

Cii - TpaHciopTHH pa3xoad. Ha eaMH OT MOTEHLUAUTE Ce JaBa
ij

CTOMHOCT HyJIa, a OCTaHAIUTE Ce ONPEIeIsT. 3a MPa3HUTE KICTKH

ce M3YMCISIBAT HMHJACKCHHTE OLCHKU (24) A; = U+ 9}- -

ijp

ij-
Kpurepusar 3a onTUMamHOCT € BCUYKM HWHAEKCHHM OLIEHKH J1a ce
otpuuarennu [2].

Tabauya 4. CmoliHocmume Ha nomeHyuaanume 3a aaH Nel.

V1=3 V2=4 V3:8
U,=0 120 3 80 * 5
U,=-2 4 100 2 10 °©
Us=-7 ! 3 140 1T
bi—o Ba= U+ Vg —Cz =30

Apy=Us+V, —Cpy=—3 <0
Dgy=Ug+V, —Cyy=—11<0
ﬂ!:: U!.l_li,’: _C!:: —6 =0

Ug+¥, =04y

Uy + WV = Cag

Uy +Voy = Cag

Uy +Vy = Caq

Ug +Vy = Caq

WNupekcuara onenka Ha kierka (1,3) e monoxurenna. [Tnanbt

HE € ONTHMAJICH U Ce MPEMHHaBa KbM eTall 5.

4.2. PasnipenenurenieH MeToJ — oOpa3yBa ce LIMKBJ 3a BCSKa

OoT mpasHuTe KIeTKH. KieTkuTe OT NuKbIa ce MapKupar

nocsefoBaresiHo ¢ 3Hau + u — [5]. OTHOCHTEIHATa OlIEHKa Ha

KJIeTKaTa ce oIpesens, KaTo cOopa OT TPaHCHOPTHUTE Pa3XoIH Ha

KJIETKUTE OT IUKBJIAa MapKHPaHHU ChC 3HAK IUTIOC MUHYC cOopa oT

KJIETKUTE OT IMKbJIa MApKUPAHU ChC 3HaK MHUHYC. Kpurepusr 3a

ONTHMATHOCT € BCHYKA OTHOCHTEJIHH OLECHKH Ja ca
MOJIOKUTEITHH.

u



Tabauya 3. Lukena 3a 8cAKA om npasHUmMe Knemxu

Cxiagx 1 Cxiax 2 Cxiazn 3
ex1 |- 120 3 8o * °
+
- + ) —T+
—T
Lex 2 +Y 41 11100 ‘L 710 ©
- +
| P
Lex 3 7 +¥Y 311 140 !
v .

A= (5+2)-(4+6)==-3<0D
Ayy=i4+4)—-(2+3)=3=0
Agy=(7+6+4)-(1+2+3)=11>0
Aga=(3+6)—-(1+2)=6=0

OTHocuTenHata omeHka Ha kierka (1,3) e orpuuarenHa.
[InanbT He € ONTHMAJEH U ce IPEMHUHABA KbM eTal 5.
4.3. CpenctBoto Solver B Microsoft Office Excel 2010
B paborams muct Ha Excel mokazan Ha ®dur. 3 ¢ BbBeneHO
Ha4aJHO JOITyCTHMOTO 0a3WCHO PEIICHUE ONpEJeieH 10 eIUH OT
JIBaTa METOJa Ha eTal 3 M MaTeMaTHYeCKHUs MOJEN Ch3AaZeH Ha
eTaH 2.

K16 . £
A B C D £ F 6 i J K
comnl | oo | s
Bal |9 X fw % b ox,
Gz 0 T R fp K
a3 0 % fo Yol X
Orpasuesng Tuzer Duaer i‘.::nmn
lwr U | CHDE
4
b 1 10
1] 10|
14| 14|
1] 1|
130 130
R KNy N0 150 150

Que. 3 Mamemamu4vecku Mooesn HA MPAHCIopmHa 3ada4ya 3a0adeH 8
Excel.

Ot menro Data ce uzdupa Solver.

B mpozopena Solver Parameters B monero Set Objective ce
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Cnen Hartuckane Ha OytoH Solver ce mnpeMuHaBa KbM
npo3opena nokazad Ha dur.5, KOHTO NpeaocTaBs Bb3MOXKHOCT 3a
3ala3BaHe Ha PEIIEHUETO MOJTYYEHO B Pe3yNTaT Ha ONTHMM3AIMS U
Ch3/J]aBaHE Ha OTYET.

g c v 3 Scbver Results S
Crana ] Crmal Crmd
1 o X m i (o " Sobver found 2 solution. &l Constraints and optimality
I ) s condrtions are satisfied. Reports
- - Angwer
Mm? 0 X m X o © Keep Soher Setion
Gad 0 %y % X O store el vaes
[ Rgtumn to Salver Parameters Dizlog [ wutline Heports
I {mezess
grmun) oK Save Scenario..
& Solver tound a solution. All Constraints and optimality conditions are
10| satisfied.
‘When the GRG engine is used, 5 as found at least a local optimal
sclution. When Simplex LP is used, this means Solver has found a globa
optimal salution.

@ue. 5 Solver Results
AJTOPUTMBT MO KOWTO ce€ W3BBPIIBA ONTHMHU3ALMOHHATA
HpoIe/iypa ocTaBa CKpuT 3a norpedurenst [3].
5. Cw3aaBane Ha mojgoOpeH [Tnan Ne 2 u Bpwimane kbM etar 4, 3a
Jla ce HaIpaBH MPOBEPKa 3a ONTUMATHOCT Ha Ch3Ja/ICHHS TUIaH.
5.1. TlogoOpeH TiaH U MPOBEpKa 3a ONTHMAIHOCT IO METOJa
Ha noteHmanure (4.1.).
Taénuya 4.1{ukbn Ha Knemkama ¢ He61a20NPUAMHA UHOEKCHA OUEeHKa

V]_: V2=4 V3=8
3 80 4
U,=0 120 _ K
2" |
Uieo . 100" 10 °
)=
Up=-7 7 s| 140 °

[octposiBa ce muxba Ha kiaetka (1,3). Ta me Buese B 6azuca
CbC CTOMHOCT ONpenesieHa OT MUHHMMAJIHOTO KOJHYECTBO (OT
KJIETKUTE C 3HaK MHHYC), KOETO II[¢ CE€ pa3MecTH MO KOHTYypa M.
min(80,10)=10 M3BppmBaT ce omepanuuTe 1o nukbia. Hosure
CTOMHOCTHTE 32 KIIETKHTE Ca:

(1,2)=80-10=70

(1,3)=10

(2,2)=100+10=110

(2,3)=10-10=0 (cBOGOAHA TPOMEHITHBA)

Tabnuya 5. Ilooobpen Ilnan Ne 2

Cxnan 1 Cxknan 2 Ckmag 3
ex | 120 3 70 * 10 °
Iex 2 4 110 2 6
Iex 3 7 3 140 !

Z,=3.120+4.70+5.10+2.110+140=1050
Cnen cb3gaBaHe Ha HOBMS IUIaH TpsAOBa Ja ce HAlpaBH
MpOBEpPKaTa 3a ONTUMATHOCT.
Taonuya 6. ITpoBepka 3a ontumansocT Ha [Inan Ne 2

V1=3 V2=4 V3=5

U= 120 8 70 ° 10 °
U,=-2 4 110 2 6
Us=- ! 8 140 !

W3uncnsaBane Ha MHIEKCHUTE OLIEHKH:

Ayy=—-3 =10

Apa=—-3 =10

A= —B=0 [InanbT € onTUMaeH.

.Ii!:z _3 < D

Z4in=1050 mpu cnegHoTo pasmpeneneHue - X;1=120, X,=70,

X13:10, X21:O, X22:110, X23:O, X31:0, X32:0, X33:140

5.2.TlogoOpeH mimaH © MpoBepka 3a ONTHMAJIHOCT IO
pasnpeznenuTenHus Meton (4.2.).



Kunetka (1,3) e ¢ HeOnarompusiTHa OTHOCUTENHA OLleHKA. T 1mie
BlIe3e B Oa3zuca Cbc CTOHHOCT oOmpeneneHa OT MHHHUMAIHOTO
KOJINUECTBO (OT KJIETKUTE C 3HAK MUHYC), KOETO I C€ Pa3MECTH 110
KoHTypa u. min(80,10)=10 M3BbpIuBaT ce onepanuuTe MO HUKbBIA.
CroitHOCTHTE B KJIETKUTE ca:

(1,2)=80-10=70

(1,3)=10

(2,2)=100+10=110

(2,3)=10-10=0 (cBOGOAHA TPOMEHITHBA)

Tabnuya 8. LiuKbn 30 8cAKG 0M NpasHUMe Kaemxu

Cxaan 1 Cxian 2 Ckran 3
Iex 1 120 °® 70 * 10 °
- +
- +
- + + b =
VAl iz N g
Iex 2 ! l]ﬂ_ ] +
+
+ -
Llex 3 y ! 3 140 |*
+ _
M3uncnsgBane Ha OTHOCUTEIIHUTE OLCHKH:
Ayy=3=10
Apy=32=10
Ayy=8=10
.El.!: = 3 = D
IIna"sT € onTUMaieH.
Zmin=3.120+4.70+5.10+2.110+140=1050 npu CIIETHOTO

pasnpeneicenne X11:120, X12:70, X13:10, X21:0, X22:110, X23:0,
X31=0, X3,=0, X33=140

4. 3axnouenue

PemaBanero Ha 3amauy B 00JacTTa Ha JIMHCHHOTO ONTHMHpaHE
€ CBBP3aHO ChC CH3JjaBaHE Ha aJEKBATeH MaTEMAaTHIECKH MOJE,
MO3HAaBaHE HAa MHOXKECTBO MAaTEMaTHUSCKH METOIH, KAaKTO H
MO3HaHU B 00JacTTa Ha MaTeMaTHdeckoTo wmozenupane. C
HPEeIOKEeHUTE METOIM MOTaT Jia ce pellaBaT MIMPOK KJIac 3aJa4u C
HPAaKTHYECKO MPHIIOKEHNE B PA3IUYHU OOJIACTH.

B nokmama ca cucTeMaTH3MpaHH JiBa OCHOBHHM MeETOAa —
paslpeneNuTeNHIs 1 MeToJa Ha MOTEHIMANINTE, 3a pellaBaHe Ha
TpaHCHOpPTHA 3ajada. M3mon3BaHeTo Ha KOMITIOTBD W IOIXOMSII
copTyep crnomara 3a yCKOpsiBaHE Ha M3UHMCIHTEIHHTE MPOLEAYPH,
KOETO € CBBbP3aHO C HaMa/siBaHE HA BPEMETO 3a II0JydaBaHEe Ha
pemennero. PyHKIMOHATHOCTTAa Ha Solver naBa BB3MOXHOCT 32
pellaBaHe, KakTO Ha TpaHCIOpTHA 3ajaya, Taka M Ha
ONTUMH3ALMOHHY 3a/la4M OT APYyru obJacTu.
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Abstract: The development of new technologies — RFID, sensor networks in addition to the wider availability and falling prices of
microprocessors, controllers and communication created a new digital revolution — Internet of Things (loT). This phenomenon allows not
only the digitalization and control of information (mass usage of PC and Internet) but also things of our surrounding. These “things™ are
part of our homes, offices, schools, universities, cities, etc. The interaction with these objects is carried out in various ways but one type
appears to be very promising — virtual assisting agents, or so called avatars. The paper investigates different approaches in using avatars,

opportunities and risks, linked to them.

Keywords: INTERNET OF THINGS, VIRTUAL AGENTS, AVATARS

1. Introduction

Our present environment is changing by the day. The
continuing digital revolution from the 1990-ies, which introduced
personal computers, digital devices, mobile phones and Internet to
the majority of the countries and people, continues in a new
direction — Internet of Things (loT). This phenomenon starts
forming new paradigm, which encompasses every process and
every object around us — household and office appliances, cars,
clothes, phones, watches, food, utilities, health, entertainment, etc,
through smart chips, all connected in networks and accessible to
man. The networked environment allows people to collect, share,
and process data from all those processes and objects, having at the
same time options for feedback influencing those very processes
and objects. The term IoT was proposed in 1999 [1] but became
popular only in the last couple of years.

The new technologies, which drove computers and networking
devices into small sizes and affordable for most people prices, led to
the creation of a variety of tiny devices and new generation of
sensors and sensor networks, which can be applied in almost all
areas of human life. Sensors are primary transducers which
transform physical, chemical or biological quantities into useful
output signals (often electrical or optical). The resulting signal can
be converted in digital form, after which it can be used by
microcontroller or microprocessor for further processing and action.
Sensor technology continues its advances and finds application in
more and more areas [2]. In addition to the advance in sensors, a
new types of devices became very popular — RFID (Radio
Frequency Identification). They (also called RFID tags) can be
attached, embeded or glued to almost any object in our environment
for the purpose of identifying, tracking or data collection. RFID tags
can be attached to any object during production, so its progress at
the assembly line can be monitored continuously, it can be attached
in passports, clothing and labels, RFID microchips can be implanted
in pets, livestock and even people. All this can allow digital
identification, tracking, control and processing of items, people,
animals, plants, etc., for various purposes — economical, security,
health and others.

According to data from the European Commission [3] the
expected number of devices of an average person connected to the
Internet will become 7 at the present year, and in global aspect this
will make 25 billion wirelessly connected devices. The number
could get twice as bigger in five years time. By 2040 the networks
could connect 50 to 100 trillion different objects [4].

2. Application Areas for theloT and its effect on the
world

The transfer of activities from applications, related to computers
and Internet (office applications, communication, e-trade and e-
business, entertainment, reference making, etc.) to applications,
related to every possible object, which can be interconnected and

used in almost any area of our live is radical. Sensing the
environment and interaction with the physical world can lead to
unexpected and unknown so far ways (or existing only in science
fiction) to actuate, command and control almost everything and
everywhere around us. This however will require the development
and acceptance of unifying technologies — software, firmware and
middleware, which will allow all kind of data from all kind of
sources to be embedded and linked in one common network. The
revolution of interconnected objects into smart environment is on its
way but there are a lot of standards and solutions to be adopted.
Tablel lists some of the major application areas of 10T.

Table 1: Application areas of 10T with examples.
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loT - .
- Activities and Benefits and
application functions Examples dangers
areas
Light and Better air quality,
ease of use of
temperature control, Smart home -
energy appliances app|_|a_nce_s » better
optimization, (fridge, oven, utilization of
resources
connected vacuum
h (energy, food,
Home, appliances, control cleaner, etc), etc.), hazard
building over activities of remote utility N
S detection,
junior and elderly control . -
: ; ; intrusion
inhabitants, access (heating, detection and
control, electricity, o
. control; privacy
entertainment, gas, water) :
home security and unauthorized
access
Smart cities, Energy
Traffic control, smart lighting, | efficiency, less air
surveillance, street smart roads, pollution, noise
lighting control, smart control, hazard
Cities integrated system transport, detection, better
control, water and smart social business
gas management, services, environment and
waste management residential e- quality of life;
meters security, privacy
Machine to machine Smart asses
P - Energy and
applications, proper | tracking, flow material
air, temperature and | optimization, -
. efficiency, hazard
gas control, real time !
Industry L . detection,
monitoring and inventory, roduction
control of safety, progucti .
- o optimization;
production, predictive .
" - . security
inventories maintenance
.Ro!“e optlmlzat!on, More efficient
incident prevention, Smart cars, transoort. better
condition of routing, smart sport,
- incident
transported goods, railroads,
. : - management,
Transport location of items, monitor and instant trackin
detection of control of KINg
. L . and location
incompatibility bridges, roads, . .
- information;
storage, tracking of tunnels securit
fleet Y
Remote health Fall detection, Prevention of
Healthcare | monitoring, patients | smart implants critical and
surveillance, and aids, smart | dangerous health




hospital access heart and situations, real-
tracking, blood time monitoring,
Healthcare drug tracking, monitors, proper treatment;
access control emergency privacy and
notification security
Flood and
A . pollution Better living
M\;)vr;ltteorr;r:]% (;Liallr, warning environment for
. - systems, people, animals
Environ- qgg:g};ﬁriﬁofxe landslide and and plants, better
T level qu}ility avalanche quality of water,
! prevention, air, hazard
I;ﬁﬁ%?‘;%{;g?fﬁe forest fire detection and
PN prevention prevention;
detection, irrigation - -
systems, soil security
irrigation
. . Smart More efficient
Intell_lger)t shopping payment commerce and
:gsgri?zt:ﬁns’szmalrt smart product trading, better
chain cghtroFI)p y management, quality education,
Trade, monitorin con'trol smart product measure, collect
education, and fee d%ack in and services and analyze big
science, education data supply, smart date. Possible
other collection from C'azf; oo re{:ﬂ;gt‘;g n
pgr?i%zlgcgé ';'L:S’ universities, marketing of
- ' smart products and
environment entertainment services

The interaction with the objects and the attached to them tags
goes in a variety of ways — one approach is to use existing networks
and network resources. Such can be Wi-Fi, 3G and 4G cell phone
accesses. These networks, however, have been in place for rather
different purposes and have different terminating equipments. So
the technological advances in the last decades led to the creation of
a number of wireless sensor networks (WSN). Other technologies
that connect sensors are NFC, Bluetooth, wired solutions and mixed
wireless and wired systems. Networks that connect sensors enable
machines or usersto collect, process analyze and disseminate data
and information gathered from various environments. The problems
in these types of connections are significant — unlike computers and
digital devices, sensor nodes are very heterogeneous in nature and
in the general case — distributed. There are different hardware
platforms for WNS, different software communication stacks,
different middleware and different security requirements.

One can say that the years to come look“smart”. According to
recent surveys 70% of the interviewed believe in the future of smart
technologies for resource optimization of future smart environments
[5]- And according to Cisco, one of the leading world companies in
the area of loT (actually, Cisco uses the term “Internet of
Everything”) the market potential of 10T is some $19 trillion - $14.4
trillion in the private and $4.6 trillion in the public sectors over the
next decade [6].

The interaction with the objects in 10T can go in various ways
but one particular approach appears to be promising — the use of
avatars, or virtual assisting agents.

3. The Virtual Assisting Agents in 1oT

Virtual Assisting Agents or ‘Avatars’ are an idea with multiple
applications in modern artificial intelligence. Concerning todays’
Web 3.0 technological trends, avatars’ integration in 10T devices is
an expected innovation perspective together with robotics rebirth by
means of drones recent popularity growth and human-machine
interaction naturalism improvement, noting emotions and behavior
better machine processing towards Web 4.0.

Several examples in this context could be noted around the new
on-line Voki [7] service and Intel entertainment Pocket
Avatarsapplication [8]. As these ideas are quite promising the lack
of sensors integration is rather frustrating. Such solutions, using
voice interaction and multiple environment sensors systems are
Cleopatra [9], Melissa [10] and ALEX [5] but not for mobile
platforms. They have applicable sensors systems integrating:
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barometric, light and behavior monitors, allowing the real
combination of sensors and avatars practical benefits usage.

Different approaches, using virtual avatars for educational
applications and implementing sensors are: Virtual Eve [11] and
ITA [12]. They provide some interactive sensors’ integration,
allowing limited emotions understanding and even real time data
Internet access.

The greatest problem so far is the signal processing
computational power energy consumption which does not allow
direct integration in loT devices. Luckily, due to cloud solutions
and wireless technologies development, the problem is expected to
be partially solved soon.

A practical framework for avatar integration in 10T sensors is
presented in Figure 1.

Virtual Assisting
Agents (Avatars)

Controlled Systems

Communication
Environment

Distributed loT Sensors

Figure 1 Practical framework for avatar integration in 10T sensors.

As it is clear from the framework, given in Figure 1, modern
Virtual Assisting Agents—*Avatars’ (with human, animal or gadget
real or cartooned appearance) will provide both natural interface
and smart control, using Distributed 10T Sensors in multiple devices
(tablets, smartphones, smart watches, biometric and users’ activities
gadgets, augmented reality devices, drones and other environment
monitoring sensors). Apart from this, the variety of Controlled
Systems is rather rich in nowadays and future digital world (see
Table 1). The Communication Environment in this context is also
with broad interaction modalities: audiovisual, tactile and
‘emotional’ human-machine interaction. Numerous wireless devices
and sensors communication protocols, based on the sensors
networks evolutionary development, are currently implementing
ideas like: Wi-Fi, Bluetooth, ZigBee, IrDA, ANT.

4. Cyber risks & threats

Whilst this frameworklooks quite convenient and useful for our
everyday quality of life improvement, there are also some aspects,
related to its cyber security threats and risks.

Though a rather innovative area of research —IoT and avatars
still have some new related studies, noting the critical role of
human factor and expected trends for smart environments [5], [12].

A recent questionnaire based survey on possible cyber risks and
threats, concerning loT and avatars (see Table 2) has been
organized, during a training course on ‘Security Foundations in
Cyber Space’ [13].

The evaluation was performed in four areas, similar to
integration framework from Figure 1. ‘Avatar Interface’,
‘Communication Environment’, ‘Sensors Things’ and ‘Controlled
Things’. Seven cyber threats/risks (‘Malware’, ‘Targeted Attacks’,
‘Compromised Devices’, ‘Data Breaches’, ‘Privacy’, ‘Social
Engineering’) were evaluated by means of their significance, using
three level scale: low (green), high (yellow), and severe (red).



Table 2: 10T& avatars cyber threats and risks.

[9] Automated Avatar Is Home’s Personal Electronic Greeter,

Compromised Devices
Data Breaches
Privacy
Social Engineering

Briefly the results from Table 2 could be summarized as
follows: high and severe cyber threats/risks, related to ‘Privacy’ and
‘Social Engineering’ emerged for the users’ from ‘Avatars
Interface’ and ‘Communication Environment’. The ‘Sensor Things’
and ‘Controlled Things’ are the mostly threated areas by:
‘Malware’, ‘Targeted Attacks’, ‘Compromised Devices’ and ‘Data
Breaches’. Finally, the ‘Communication Environment’ is also
highly risky from: ‘Targeted Attacks’, ‘Data Breaches’, ‘Privacy’
and ‘Social Engineering’.

5. Discussion

The combination of loT and Virtual Assisting Agents —
‘Avatars’ is producing a rather useful and promising direction for
both web technologies and services in the new digital area with
useful social effect, noting the technological progress influence in
the mankind evolution.

Apart of this, a number of obvious and hidden threats have to be
expected and addressed for both technologies and users. They are
however dynamic and require further situational analysis and
validation. The comprehensive understanding of the problem will
guarantee a modern smart world with multiple artificial
conveniences.
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ANALYTICAL ANALYSIS OF THE INVERSE STABILITY PROBLEM FOR SOME
CLASSES OF NON-LINEAR DYNAMICAL SYSTEMS WITH A SMALL UNCERTAIN
PARAMETER

AHAJI3 OBPATHOM 3AJIAYN YCTOMYNBOCTH JIJI1 HEKOTOPBIX KJIACCOB HEJIMHEMHBIX
JUHAMMWYECKUX CUCTEM C MAJIBIM HEOIIPEIEJIEHHBIM [TAPAMETPOM

BSc Bulkina E.%, Doctor of Technical Sciences, Professor. Firsov A.?,
University. Institute of Computing and Control 1,2 — Peter the Great Saint-Petersburg Polytechnic University, Russia
bulkina.e.a@yandex.ru

Abstract: In this paper we propose a method of solving inverse stability problem for some classes of non-linear dynamical systems with a
small uncertain parameter. The method is based on T. Kato’s perturbation theory of linear operators. We illustrate our method by solving
inverse stability problem in the situation of monomerization reaction inside the cascade of chemical reactors.

KEYWORDS: LOW UNCERTAINTY OF PARAMETERS, PERTURBATION THEORY, SOLUTION IN A BOUNDARY LAYER

1. Introduction

This paper presents an analytical solution of the inverse problem of
stability in the cascade process of monomerization when three
chemical stirred tank reactors are used under the conditions of
uncertainty of some of the reactor’s parameter. The decision is
based on the perturbation theory of linear operators of Kato-Rellich
[1]. The process is carried out by distilling monomerization reagent
from one reactor to another. The necessary cooling of the substance
is carried out by the coolant in the reactor jacket. The scheme of
this stage [2] is shown in Figure 1.

R T S Y uaa Tl R

v
Ter

Fe, Teo
Cootant

Fig.1. Scheme of the cascade of chemical reactors
The equations describing this process are as follows [2, 3, 4]:

VEL=F(Co— €)= VK(Ty)Cy,
pCpV% = Fpc,(Ty — Ty) + VK(T,)C;AH —
~K AT, = Tz3),
PeCpcVe T2 = Fopecpe(Tey — Teg) + KeA(Ty = Toa),
VER = F(C — G) — VI(T)C
peoV 22 = Fpe,(Ty — Ty) + Vk(T) CAH — K,A(T, — Top), &)
PeCpcle 22 = Fopeoe(Ter — Teg) + K,A(T, — Top),
VER = F(C, — C3) — VK(T)C,
pCpV% = Fpc,(Ty — T3) + VK(T3)C;AH — K,A(Ts — Tey),

arT,
pccpchd_t1 = cpccpc(Tco - Tcl) + KtA(T3 - Tcl)

The parameters of the process are given in Table 1 [2, 3, 4].

Table 1. Process parameters

Ne | Name Description Demention
Surface contact area 2
1 A m
Initial concentration of the
C ! ’ 3
2 0 reactant in the first reactor kmol/m

C. Concentration of the reactant in mol/m?
3 ! the j-th reactor
. ya Density of the reagent kg K
. 2, Density of the refrigerant Jkg K
] £ Activation energy 3/ mol
, F Flow rate in the reactor m? /s
; F Flow rate of the refrigerant m? /s
. R Gas constant Jmol K
0 c, Specific heat of a substance kg /m?
u C,e Specific heat of the refrigerant kg/m?
Temperature of the refrigerant
12 T, in the cooling part of the j-th K
reactor
T Initial temperature of the K
33 | refrigerant
Coefficient of thermal 2
14 K conductivity JImsK
v Volume of the reactor m?
15
Vv Volume of cooling part of the m?
16 ¢ reactor
7 Multiplier by the Exhibitor
17
5 AH Thermal effect of reaction 3/ mol
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From a mathematical point of view, the sustainability of
monomerization is equivalent to the stability of solutions of the
above system (1) of the equation. However, the technical
parameters of the system can not be given exactly. The main
objective is to evaluate the allowable errors of these parameters,
which preserve the stability of the process.

2. The perturbation theory of linear operators

Kato-Rellich
Let us consider a process that occurs in a dynamic system
described by the following differential equation [1, 5]:
x = Ax + B, )
where x- state vector, A - matrix of the system parameters (matrix
states), B - matrix of absolute terms.



We will use the method of accounting for uncertainty parameters of
the system, based on the theory of perturbation of the eigenvalues
of component matrices:

A=Ay + el +24, + -, 3)
where we assume that €2 « «. It is known that the eigenvalues of
A in this case can be represented as [5]:

1@ =22 +aP 2@ 1 @)
where /11(0) — is j-th eigenvalue A4,. Right and left eigenvectors
corresponding to the eigenvalues 4;(e), for which the following
equation: ij(e)x]-(e) = 1 holda true, also expandsed in power

series: x;(e) = x + ex™ + e2x® 4 -, (&) =y + ey +
ey + - And eigenvalues A1 u A1 are calculated as follows:

Step 1. Calculate the eigenvalues 4; of matrix A,

Step 2: Finding the right and the left normalized eigenvectors 4y:

(40 = 41)x; = 0,y (40 = 1) = 0, x| = 1|y = 1.

Step 3. The matrix Zy, is constructed: Z,, = M
M=y je(Ak=25)

where s is dimention of 4.
Step 4. The matrix E; is calculated: E; = Zi::l,kinﬁzko-
j~ "k

Step 5. Calculated coefficients of the expansion (4) by the
formulas: /1](1) =yl Aixq, A}Z) = tr(BE;AyZyp).
In this task we assume that 3 « 2. Therefore, in the above
formula (4) it is sufficient to consider the first three terms.
As a criterion for the stability of the system we will use the root
criterion, that is, the permissible range of the parameter &, which is
characterized by a system of inequalities of the form for
sufficiently small a:

() < —a?, (5)
Solution of the inequality (5) is the intersection of the intervals that
are solutions of each inequality. It is obvious that the intersection is
not empty, due to the fact since the solution of each inequality will
contain zero.

3. Reaching the main objective

Perturbation operators theory developed by Kato, refers to linear
operators in function spaces, and the system of equations (1) is
non-linear. However, the system (1) can be linearized. Indeed, the
experiment [2,3] (Figure 1) shows that the dynamics of changes in
the main characteristics of the system admits a linearization, from
some point of time from the beginning of the process, and this
initial period of time is small relative to the total process time.
Thus, during the initial period of time, as it is so small, it is
possible to seek the solution of the system by expanding in the time
series, and the remaining slot to linearize in the usual manner. At
the same time as the initial value of the interval being we linearized
site can take the final value of the initial period.
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1. a) The plot of a change of a temperature; b) the plot of the
change of the temperature of the coolant; c) the graph of the
concentration change of the substance
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3.1. Constructing an analytical solution of the system at
the initial time interval

To unify the system (1) we introduce the following notation:

Ci=X;, T, =Xiy3, Tsi = Xiye, 1 =1,2,3. Then the system of
equations for the first reactor takes the following form (the other
equations will be similar):

ax F(Co—X -E
1 _ F(G 1)—Zexp( )X1:
dt v RX,
-E
dXy _ F(To=Xa) 4 ZXabH e(m) _ KeA(X3—Xo) @
dt v pcp pcpV
dXy _ F(Xg—Xo) | KtA(X4—Xo)
dt Ve PcCpcVe

Denote t = Tt, where T — the time course of the whole process,
and X; =)?]xj, j=12,...9. Note, that x; u = — dimensionless
quantities and 7 « 1. Then the system describing the dynamics of
the process in the first reactor takes the form (the other equations
will take the same form):

da _FTC FT o (fes)y
dat ~ vk v v
- _ K AT (x —éx )
dx, FTTy FT  ZTXyxAH (2E) "7 W —x %
& VR, VT x0T pc,V

T _ X _
dxg_FcT()?g X9) KtAT(X9x4 X9)

dt Vc chpch
We seek a solution of the system on a small initial period of time as
a power series in the small parameter 7: x;(7) = Cj + Cit +

Czj 72 + -+, where C({ are known and the initial values of parameters
-E
of the input vector. The expression e(R7f4X4) is expanded in a series
_—E
) n E(RY‘*C“%)EC‘{
RX,(C})?

_E -E

as a function of the e(Rhm):e(mc‘é

<R7;EC4> 7 (C4)204 7 442 4y2
le 4%0/E(2RX4(C5)“C5—2RX,4C5(CT)*+E(C

: ( 4((;))?4(2%)2)24 0 (CD2+E(CT) )TZ + 0(_[3).
Representation of the solution of the system in the form of a power
series in the variable 7 and its further substitution in the system of
equations gives, by equating the coefficients of corresponding
powers of 1, a recurrent system of equations for the coefficients of
the expansion of the solution. Here is a small piece of this scheme:

FTC, FTCZ _E_
Ct = —V)?lo - 0 _ ZTe(RX4cg)C&_
. E K, AT (cg - &)
v - FTCo FTCY 2TaH e(Rm) ci_ X,
T vx, |4 pC, 0 pc,V ,
_ZE (R)%i‘*) 4,01 1
cl = 1 _ZTe<R}?4cg)C1 _ZTe ™ o ECiCy  FTC
22 1 RX,(C2)? v

So it’s clear that all the coefficients are calculated consistently.

3.2. Linearization of the system of differential equations
of the dynamics of chemical reactors

In the previous section solution of the system at the initial time
interval was constructedl. Now we construct a solution of (1) in the
remaining time interval by its linearization. Note that the solution
obtained in the above initial time interval at the end of this interval
is the vector of initial values for the remaining time interval.

Represent x; as a follows x; = X]-°(1 +y;),j=1.2.9, where y; -
small quantity, which allows to neglect the terms containing the
second order y;. The main issue arises when converting

linearization terms of the form e*. For this we use the Taylor



formula:

c c c
TxOaiyy =0 =0 c , 2
J V= J (——— =X £
e’/ +te (Xgo)(1+ _))szo x] + O(XJ )
C

, We obtain approximately: e *i

e “i=e

Neglectlng the second order x

(0 ) (CU) (Co
e ) 2o ) 4o X —w°%. Thus, the system of
j

equations for the first reactor takes the form:

d

i =¢&11y1 +$14Ya + by

d
y4 = 5413’1 + $aaYa + $a9Yo + by, (8)
—_—= 594}’4 + $99¥9 + bo,
FO) x®
where &3, =< Be . > x© 1§14 = :3+0)e a0, 8 =
Bux® X(o) () % X X(o)
RIVEED. ) a—=)+pyc—ge €94 =
5 44 ( (p) Bu X 94 = )
Y2 (0 ;  _ 4(0) v a —~®
;th 1§99 = Xg (_“c _Z)‘ but by = (‘ﬁe X —
a) Xl(o),bz = (—a — é) Xio) + #Xéo) — Xl(o)%”e -
by = (X3 +65) ac + ;—"X(O). Where ¢ =68V, ¢, =
X FT
6CVC'BH=ﬁAH'T’ zﬁ'eél (0)'09 (n)n rae 27;,82
9

ITy = K AT, a; =<
So we obtain:

1 §1a O by V1
A= <f41 44 f49>'b = <b2>,x = <y2> .
0 &os oo bs V3

4. Uncertainty parameters of the matrix A

6= pvadc = PcCpc-

Let’s suppose that the uncertainty in parameters reflecting the heat
of reaction -AH.

Suppose, therefore, that AH® = AH(1 + £),|e] « 1. Then B =
BAH(1 + ¢), and, in turn, the matrix parameters &,; and &,, take
the form:

fo = ﬁH}d Bx® TP _ panx® 3w _ L, s x© =
5§H X(0>X(0) (ﬁ?H x(U’X(0)> £=¢&% +¢&l,

44 = X(O) ( a— ) + Bpe (0) xff) = X‘gO) (—a h %) +
BAHOCX%: x(") X(O)( a— )+BAHC (O)e X(O)(l +e)=
x© (_ )+ﬁAHc (:)e Xin) +<,[>’ AHCTZ;B @>8=f£4+
§1a.

Thus, we obtain:
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§11 $a O 0 0 0
A=A +edg =8 & &olte (f‘h $aa 0):
0 $os $oo 0 0 0
5. Summary

In this paper, we propose a method of analysis of a nonlinear
dynamical system, which describes by a standard process of
monomerization cascade of chemical substances in the stirred tank
reactors, provided that certain parameters of the reactor have
undefined values. Namely: 1) an algorithm to obtain an approximate
analytical solution of the corresponding system of nonlinear
differential equations has been developed; 2) on the basis of the
solution a fairly simple algorithm for its numerical implementation
has been derived; 3) the corresponding system of differential
equations is transformed to a form, which allows you to explicitly
take into account the uncertainty of the parameters of the system,
and, therefore, to use the methods of perturbation theory of linear
operators by Rellich - Kato.
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Abstract: Paper discusses technological progress for laser marking of plastic products. Various methods for marking are systematized
and considered. Advantages that provide this innovative marking technology are presented, too. It has been discussed the absorption process
in polymeric materials, as well as laser sources suitable for the realization of the technological operations. In each case of marking, not only
high performance, durability, etc. but the aesthetic appearance of the product could provide by correct chosen method and in conjunction

with appropriate laser equipment.
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1. Bweeoenue

Bbrpeky, ye siazepHara TEXHOJIOTHS 32 LBETHO MapKUpaHe ce
mosiB Tipe3 mocienuute 20 TONWHH, HEWHOTO pealn3upaHe B
MPaKTUKATa BbpBele 0aBHO, TTOPaIn:

- BB3MOXHOCTTA JIa Ce€ PEaM3MpaT CaMO OTPaHMYEH BHJI
LIBETHH MapKUPOBKH Ha JIaICHH MaTepPUAIH;
- BHMCOKaTa LIeHa Ha TEXHOJIOTHYHOTO 000py/ABaHe.

JlHec Te3u 1Ba HEAOCTAThKAa B rOJsAMa CTENEH Ca MPEOAOJIEHH.
CBHBPEMEHHOTO MPOM3BOACTBO HA MOIMMEPH M OLBETHTENH OT
PAa3NMYHA TIPOM3BOIHUTENH TIO3BOJIM [[d CE PA3IIMPH 3HAYMTEITHO
[[BETOBHSL ACOPTUMEHT, KOWTO MOXe Ia Oblie pealn3upaH IMpH
nasepHa MapkupoBka. C T0sBaTa HA HOBOTO TOKOJIeHHE (haiibep u
JUOJIHH JIa3ePH, 3HAYMTEIHO CC [OBHILIH IIPOM3BOJUTEIHOCTTA U CE
CHIJKHMXa DPa3XOAMTEe 3a CepBM3 M HOIIPHKKA. braromapenue Ha
TEe3d CHBPEMEHHHM TCHICHLMM HHTEpEca KbM TEXHOJOTHATA 3a
JIa3epHO MapKHpaHe Ha [IaCTMACOBH M31eiust ce Bp3poau [1,2,3].

JlazepHOTO MapKupaHE € EKOJOTHMYEHO YHCTa TEXHOJOTHS,
KOSITO YCIEIIHO KOHKYPHPa TPAIUIMOHHUTE TEXHOJOTHH KaTo
TaMIIOHEH, MAcTHJIEHO CTpPyeH M CHTO medatH. lIporpamuOoTO
o0e3reuaBaHe Ha JIa3ePHO TEXHOJOTHYHUTE CHCTEMH MO3BOJISIBA
OBp30 1a ce IpeMHUHEe OT eAWH BHJ HAJIIMC KbM JPYT, TOBA IPaBU
TEXHOJIOTHATA 3HAYUTENHO IO-ThbBKAaBa B CPaBHEHHE C IPYTUTE
Meroau. Pasxomute 3a cepBH3 M NMOAPBKKA Ca 3HAYUTEIHO IIO-
HUCKH OT TE€3HW INPH TPAJVLIHOHHUTE TEXHOJOTWH, NMPU KOHUTO Ce
H3I0JI3BAT MIA0JIOHH, Pa3TBOPUTEIIH, MACTHJIA U JIPYTH.

JlHec jna3epHaTa TEXHOJIOTHS 32 MapKHpaHe Ha IUIACTMACOBH
W3/eNUsl HaMHUpa BCE MO-IIMPOKO HPAKTUYECKO MPUIIOKEHHE B
pa3nuyuHu 00IacTH Ha IPOMHILIEHOCTTA. JIa3epHUAT TbY YCHEIIHO
MOXE Ja MapKupa BBPXY IOBBPXHOCTTa Ha H3IENMATa WIN
OIIAKOBKAaTa MM: JlaTa, CEpUHE HOMEpa, TEKCT, jiora, 0ap KoioBe U
ap.(tabm. 1) Taka Hampumep MPOM3BOJUTENWTE HA NETAWIN H
MOZAYJIM 3a aBTOMOOWJIHATA NPOMHUIUICHOCT M EJICKTPOHHKATa
W3MON3BAaT IIMPOKO Ta3sd TEXHOJOTHS IpH HaHAcsiHE Ha
crienuduyHa MHGOpPMALUS 3a MPOM3BOACTBEHHUS MPOLIEC U TaKapa,
HeoOXo/MMa KOHKPETHO 3a motpebutens. JlazepHOTO MapKupaHe
HO3BOJISIBA Jla CE HaHACAT M300pakeHHs Ha: OYTOHHM, ITyJNTOBE 3a
yIpaBleHHe, KJIABHATYpH Ha KOMIIIOTPH, TableTn, MOOWIHH
TenedoHH U ipyra OUTOBa eneKTpoHHKa. [Ipu ocBeTsBaHe Ha HAKOH
OyTOHH ce pealn3upa W Taka Haped4eHOTO “‘IeH/Hom” MapKupaHe
(n300pakeHusTa/MHGOPMaLUATA CE BB3IpPHEMa BH3yalHO, KaKTO
npe3 JeHs, Taka ¥ npe3 Homra) (dur.1).

IIpe3 mocnenHuTe TOOWHU C€ H3CIEABA BB3MOXHOCTTA 3a
Ja3epHO MapKHpaHEe Ha rojsiMa rpyna OT HOJMMEpHU: HOIHOYTHICH
-repepranar  (PBT), momukap6onar (PC), mnonuermien
okcun/nonuctupen (PPO/PS), akpHHOIOHUTpUI-OyTaHeH-CTHPEH
(ABS), crupen-akpunonutpui-cmoia (SAN) u ap. Uscnensanusrta
NOKa3axa, 4e€ BCHYKM T€ Pa3IM4HO Ce IMOAJABAT Ha MapKHpaHe.
Hsixon 6a3ucHM MaTepuaiu OT Tpynara Ha IOJMMEpPHUTE MOKa3BaT
nobpa abcopOmus B 30HaTa Ha BB3JACHCTBHE, NpPU KOETO ce
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MOJTy4aBa PaBHOMEPHA MApKHPOBKA ¢ 100Bbp KOHTpacT. Jlpyru Kato
nomunpornwieH (PP), momuernien (PE) u monuMerni-merakpuiaat
(PMMA) moka3BaT HHCKa CTeleH Ha abcopOIust U He ca Taka 100pe
MONATIMBH  HA  MapKupoBKa.  [lOHacToslleM B MHOTO
M3CIEIOBATENICKH M HayYHH J1abOpaTopHi Ce MPOBEXKAAT HAYIHH
M3CIENBAHMs 3a [MOJNyYaBaHe HAa IIBETHA MApKUPOBKA BBPXY
pasMYHK BHIIOBE IUTacTMAacoBH Matepuai [1,2].

Due. 1 Jlazepro maprupanu demaiiny om UHMepuopa Ha aemomoouna

Taon.l Buodoge niacmmacu u uzoenus, NOONEHCAWU HA JA3EPHO
Mapkupane

Bux Tlp 1w sweroe Jlasepira nap KHpOEKa

P Emounse 72 ocBeTeHNE Jloro Ha deprm
Evrrimea 74 Boma TexHEme CEH T PAMETIH
EmerTpmriecyu CepeitHE HOME}R
KOMIOHEHTH

ABS Komywew Ha TexHEme CEH T PAMETIH
ITEET]H YRCEH MO SIH JIAHHH 31 Ka4ec TEOTO Ha
TTanem: o TafR B HITEITHETO
ABTOMOGHITH CHmM BOTH
Koma EmaTypm

Cmec Komryew va enerrpomeps | Jloro Ha dEpma

PCiABS T HEme CEH T PAMETIH

Togasan s

FBT K exatype HumenTHHEATHA Ha
Kopmyes xa T04 A ME TRETE
EITEET]HYECEE MO SIH ‘e H e CKH T3 paMeTrH
1MTe ke pue Crmenm

Cmec TIPS zax praHEaHe Jloro Ha diepma

FPESPS TIAHEITH 59 HABHTAIHOHEE | TEOCHECE CEH I3 pameThH
CHOTEME CTEIHATH A HOEH TH HEA IHOH HA
Enexrpmuecy: HHOOEMATHA
KOMIOHEHTH

FEI e ke pue TeHIme CEH T3 PAMETIH

PPl e ke pm BAR -ropose
TwIBE B THO PR CepeitHE HOME}R
HIHITE YEa TelH TexHHue CKH T pame TR

2. Memoou 3a mapxupane

2.1. Habn6BaHe Ha MaTepHana

HpI/I TO3W METOJA OCHOBHHMSA Mare€puall C€ 3arpsBa 3a KpaTKo

BpeMe M ce Tomu. B crommikara ce obpasyBaT ra3oBH MeXypyeTa,
KOHMTO clie]] U3CTUBaHE Ha 00paboTeHaTa 30Ha OCTaBaT BHTpPE B Hesl.
B pesynrar Ha TOBa, Karo BHIMMa Cjeia ce IOJydaBa eIHA
HaObOHana 30Ha ((ur.2). B xpa6ounna, 30Hara e okoio hy = 60um,
a HaJl MOBBPXHOCTTA TsA ¢ ¢ BucoumHa h, = 40 um. OGpasysa ce



HOBBPXHOCTTHA CTPYKTYpa, KOSTO € C OpYr KOehHUIMEHT Ha
oTpakeHHe. MapKupoBKaTta € € I0-CBETHJ LBAT OT OCHOBHUS
Mmatepuan. To3u edekT ocurypsBa BHCOK KOHTPAacT Ha
MapKupoBKaTa. J[oOpH pe3ynTaTH ¢ TO3M METOJ ca MOCTUTHATH Ha
nonuokcumeriieH (POM), nomuamun (PA) u TepMmoIiacTHYCH
enacromep (TPE).

N

Duez.2 Memoo na mapkupane upes nabvogane

2.2. Kapbonwuzarus

TeMHA MapKHpPOBKA BHPXY CBETIIa OCHOBA MOXE J1a CE ITOJIYIH B
pe3yaTaT Ha J1a3epHO BB3IEHCTBHE BBHPXY IOBBPXHOCTTA Ha
omnpeneneHy nomuMepu. To3u edekT ce HabmogaBa Hall-100pe, ako
¢ona e cBerws. IloMMMepBT JIOKATHO ce HArpsiBa M 3HAYUTEITHO
npoMeHs (U3NYECKUTEe CH CBOHCTBa, KaTo ce oOpasyBa
ThMHOKa(siBa MM YepHa MapKHPOBKA.

ITpu TO3M METOJ NOI'BJIHATATA JIa3ePHA SHepPrus € JOCTaTh4yHa
Jla Harpee 30HaTa Ha Bb3JECTBHE IO TeMIeparypa, NpU KOATO
HACTBIIBA TEPMUYHO pa3pyllaBaHe Ha MOBBPXHOCTTA Ha MOJIHMEpA.
B HpHCHCTBHETO HAa KUCIOPOJA OT BB3JAyXa MPOTHYA PEakKIus Ha
ropeHe U OBBIUIIBaHE B 00OpaboTBaHaTa 30HA. MapKHpoOBKaTta €
JO0OBpD KOHTpacT CHpsMO OCHOBHHS cBeTbl (GoH (dur.3).
Toaxomsmu Marepuanu 3a wpeara ca: PC, PS, mnonwuernien
tepadranar (PET), ABS, PBT, PE u PP.

Que. 3 Kapbonuzayusi na nogopXHOCIMMA HA MAMEPUANa npu 1a3epHo
8v30elicmeue

2.3. I30enBaHe HA MOBBPXHOCTTA

JlazepHOTO BB3IEHCTBHE BBPXY MOJIMMEPA MOXKE A JOBEIE 110
n30nenHsABaHETO I, B pe3ynTaT Ha KoeTo ce oOpasyBa Osia
MapKuUpoBKa Ha ThbMEH (oH. B3ammonelcTBHeTo Ha J1a3epHOTO
JTBUCHHE € CaMO C MMTMEHTa, 0e3 1a ce 3acira OCHOBHMS MaTepHall.
IIpumep 3a TakbB BUA MapKUPOBKa € MOJIMMEp ¢ JOOABKH Ha CaXKIH
U HeopraHuuHu ouserurenu. Ilpu HarpsBaHeTO BBIVIEPOJHHUTE
Ca)XM ce OTCTPaHABAT, KaTO B 30HATa Ha BB3JCHCTBHE OCTaBaT
caMO HEOpPraHWYHHUTE OIBETHTeNH. To3um epekT Moxe nxa ce
Ha0JI10/1aBa TIPU CPAaBHUTEIHO MAIIBK KPBI' IIIACTMACOBH MaTepHaIIH
B KOMOHMHANNS ¢ onpejeneHn nurMeHTy. Ilopaay Ta3su npudauHa TyK
KOHTPAcTbT € 3HAYUTENHO IO-HUCBHK B CpPaBHEHHWE C APYTHUTE
TEXHHUKH Ha MapKHPOBKa.

2.4. OTHeMaHe Ha MIOBBPXHOCTEH CII0H (abnarus)

IIpu aGnanMOHHMAT NPOLEC, IOCPEACTBOM H3IIAPEHHUE, Ce
OTHeMaT cioeBe (0arpuiio, Meraj, CHELHalHH JIaKoBE U [p.),
HaHECEHW IPEIBAPUTENHO HA MOBBPXHOCTTA. Ilo TO3M HaymH ce
MOJTydYaBaT pPa3IMYHU BHIOBE IIBETHH MAapKHPOBKH, KaTO Tas3H
TEXHHKA Ce€ U3I0JI3yBa IpH Ha WU300paxKeHHWs BBPXY OyTOHH,
CUTHAJIHM, TNPEAYNPEOUTENHM W 3a0paHMTENHM  HAAIHUCH
(,,men/uonr”). Tlpu Ta3u TEXHHKa, MPEABAPUTEIHO HAHECEH ThMEH
CIIOH ce W3mapsiBa, B pe3ydTaT Ha KOETO €€ Ch3/1aBa BB3MOXKHOCT
npe3 MOJynpo3payHaTa IUlacTMaca Ha OCHOBHHUS Marepuan Ja
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NpEMHMHE CBETIMHA OT CBETJIMHEH W3TOYHUK BrpajieH B OyTOHa.
MapKkHpoBKaTa ce peajii3upa Ipu BUCOKa CKOPOCT Ha 00paboTKa 1
ce wu3noim3Ba 3a opopMsIiHE Ha HHGOPMALMOHHM 3HALU IO
apMaTypHOTO TabJI0 Ha IIPEBO3HU CPEJICTRA.

Duz.4 Memoo na mapkupare upe3 OmHeMAaHe HA NOBbPXHOCMEH ClOU
HaueceH npedeapumento 6bpxy noaumepa
VI3ucKBaHHS KbM JIa3epHHUsI H3TOYHHUK MPH MapKupane ¢ edekra
JJden/uour” ca:

»  BHCOKO KayeCTBO Ha JIbya C LIl OCHIYypsiBaHE Ha a00pa
(oKyCHpOBKA U OCTPOTA HA LIPHXA,;
»  crabWIHOCT Ha YecToTara Ha CJCABAaHE Ha HMMITYJICHTE

(uectota 10 100 kHz);

B T03u ciyuaii € ocobeHo BakHO abcopOLUMOHHATA CIOCOOHOCT
Ha CIIOs Ja € roiisiMa 3a [ajeHara Ab/DKMHA Ha BBJHATA Ha
Ja3epHOTO JIbYCHHE, a 3a OCHOBHHS MaTepHal JIbYCHHETO Ja ©
npo3pavno. [Ipy ToBa OTAENHHWTE MMITYJICH Ha ja3epa TpsOBa aa
HMaT eJHAaKBH XapakTepucTHKH. Oco0eHO BaXXHO € Ja uMa
BB3MOXKHOCT 32 J100pa ()OKyCHpOBKa Ha JIa3epHOTO JBUCHHE.
Hanpeynara My CTpYKTypa Ha Jib4a ja ¢ GJI3Ka 10 OCHOBEH MOJ
TEMgo, IIpH KOSTO Ce pealn3npa MHUHAMAITHO (OKYCHO METHO Ha
paboTHaTa MOBBPXHOCT.

2.5 I'paBupane

[Ipy TO3M MeTOJ HA MapKUpaHe MarepHalbT Ce TOIH U
usnapssa. [lopaxyu ToBa, Ye TOILIONPOBOIHOCTTA HA Marepuaia e
Maika M KOJHYECTBOTO CTOIMIKA B 30HATA HA 0OpabOTKa € MAIKO,
MPaKTUYECKN TaM HACThIIBA CyOIMMAIHOHHO H3napenwue. [lo psba
Ha KaHala ce T0JIyJaBa Bal B PE3yJTaT Ha TEPMUYHO Pa3MEKBaHe
BB3HUKHAINTE TEPMOHANpPEKEHNs. METOIBT YCIIENIHO MOXe J1a ce
[pWara ¥ IpU TPUTE OCHOBHU IPYMHU IUIACTMACH (TEPMOILIACTH,
JYPOILTACTH M eJIaCTOMEPH).

k\&&\

QDue. 5 Memoo na nasepno epasupane 6vpxy NOGLPXHOCMMA HA
Mmamepuana

2.6 OusersiBane

Paznmuny 1BeTHH e(eKTH INpH JIa3epHO BB3ACHCTBHE BBPXY
MaTepHuaja Morar Jia ce MOCTHUTHAT upe3 N00aBKH (CIIoja, Cakan),
MIpeABapUTEIIHO BKApaHH B CTPYKTypara Ha IulactMmacara. llpwu
MapKHpPOBKAaTa C€ OTCTPaHABAT CICLUAIHUTE MUIMEHTH OT
OCHOBHMS Marepuan. Taka MoXe Ja ce TOCTUTHE eIuH
U3KIFOYUTEHO MHOTO J00BD KOHTPAcT ¢ PE3KH KOHTYPH, KOUTO
moo0psIBaT YEeTUMOCTTA Ha MapKupaHus 3Hak. CpUIo U B Obaeme
TO3WM BHJ IUIACTMAcH II€ MMa BOJENIO 3HA4YeHWe NP H3IeNus,
MOJVIOKEHH Ha JIa3epHO MapKHpaHe 3a II0JIydaBaHe Ha pPa3IudHU
eekTH: TBPMHA MapKHpPOBKa BBpPXY CBETHIa OCHOBA, CBETJa
MapKHpOBKa BbPXY TBMHA W IIBETHA MapKHPOBKA BBPXY LBETCH
matepuai (¢ur. 6).

2.7 ®OTOXUMUYHO BB3ACHCTBUE

IIpn m3non3BaHe Ha naszepy, M3TBYBAINU B YITPABUOIETOBATA
obmacT ce OTKpUXa HOBH BB3MOXKHOCTH 33 MapKHpaHe.
VYIITpaBHOJIETOBOTO KHCOBBIHOBO JThUCHHE NMPEIU3BHKBA THUPEKTHA



(doToxuMHYHA peakiys Ha OCHOBHHUS MaTepuai 6e3 [a ro 3arpsisa u
0e3 [1a IpeIM3BUKBA pa3pylIeHUe Ha MOBbPXHOCTTA ((Hur. 7).

Due. 6 Oysemsane Ha NOGLMPXHOCMMA HA HAKOU NOAUMEPHU MATEPUATU
npu 1a3epHo v30elicmaue

-

Que. T PomoxumuuHo ,,cmyoeHo"* mapkupawne ¢ yimpasuoniemos iazep

To3sm wMeron e o0coOcHO ymaueH NpH MapKupaHe Ha
IIACTMAaCOBU MaTepHajM, KOUTO ca JIECHO 3anmaauMiu. [Ipu Hero ce
MOCTHTa T0OBP KOHTPACT U BUCOKA CKOPOCT HAa MapKHpaHe.

2.8 JlazepHo TpaHCchepHO BETHO MapKHpaHe.
MeTonbT Ha J1a3epPHOTO LBETHO TPaHC(HEPHO MapKUpaHE € U3BECTCH
B Chenuaiu3upaHarta HaydHa Jureparypa, kato Laser Color
Transfer (LCT®). Texuuka na wMmapkupane (LCT®), kosro
YCIEIIHO Ce MpWiara Ha IUIACTMACH OT THMA TEPMOIUIACTH.
Boipekn, ye B HAKOM OTHOIICHHS MMa OOIIM YePTH C U3OPOCHUTE
IO TYK METOAM (JTa3epHOTO JIbYCHHE JCHCTBA HA MOBBPXHOCTTA,
KaTo TOIUIMHCH W3TOYHWK), TOW HMa H CBOS XapakTepHa
cnenuduka.

@uz. 8 [lsemno mpancgepno mapkupane(LCT®) [4]

3a1bJDKUATEIHO Ce MPEMUHaBa 1pe3 TpH cThikH (¢ur.8). IIspBo
BBPXY IUIACTMAcOBaTa MOBBPXHOCT Upe3 BAaKyyM ce IIpPHIIEHBa
nBeTHO TpaHcdepHO Qosmo. BakyymsT e HeoOxommm, 3a ma ce
00€3BB3AYIIN IIPOCTPAHCTBOTO MEXKIY IOJMMepa U (oIHOTO. AKO
OCTaHAT BB3JYLIHH MeXypuera B MEXJIMHATa MexIy (oIHoTO u
HOBBPXHOCTTA Ha Marepuala, Te Ce fABIBaT IIpedka 3a
Hocje/iBaliaTa TeXHOJIOTHYHA OIepalys, IPU TOBA Ka4eCTBOTO Ha
MapKHpaHus 3HAaK ce Biomasa. [Ipu BB3AEHCTBHETO Ja3€PHOTO
JTpYeHHe 3arpsiBa (OJIMOTO M MaTepuaia Iox Hero. B pesynrar Ha
ToBa OarpmwioTto OT TpaHC(epHOTO (oIMo ce ImpeHacss BBPXY
OCHOBHHSI Matepuan (monmmepa). OOpa3yBa ce 3ApaBO I[BETHO
CheIMHEHHE MEXIy pa3TolleHaTa IOBBPXHOCT Ha IOJHMMeEpa M
6arpmnoro (¢ur.8). Bs3MOXKHO € METOIBT Ja Ce pealn3upa BbpXy
eIIMH M CBII| MaTepual B IIECT L(BATa (UYepEH, YEpPBEH, CHH, 3€JICH,
KBAT U Osur). ToBa € CBINECTBEHO HPEAMMCTBO Mpe]  MeETozaa
OIMCaH B TOuYKa 2.6 , KbJETO € Bb3MOXHO CaMO IOJIy4aBaHETO Ha
€IIMH LBAT BbPXY IOBBPXHOCTTA Ha JaJICH MaTepHall.

2.8 Kombunupan

Bceunuku n30p0enu no-rope eexTr Morar jia ce KOMOMHUPAT 110
OIIpEJC/ICH HaYMH IOMEXKIY CH, KaTO 3a LIeJNTa 33JbJDKUTEIHO Ce
otunTat 1Ba (hakTopa Bimsielid Ha abcopOLUMOHHATA CIOCOOHOCT:
IBIDKHHATA Ha MAJalloTO JIa3epHO JTbYeHHE A U (DH3HYECKUTE
CBOWCTBA Ha IUIacTMacaTa. M300pbT Ha ONpE/EIeH METO/ 3aBHCH
CHII0 M OT TpPEAHA3HAYECHHETO Ha M3JCIHEeTO, W HErOBHTE
¢ynkunoHanHn ocobeHHocTn. Taka Hampumep 3a HaObOBaHe ce
H3UCKBA MO-TOJsIMA Majallla €Heprus Ha Ja3epHOTO Jb4YeHue. 3a
MOCTHTaHe Ha OIpeesieH KOMOMHHPaH e(eKT MOXKe [a Ce HAIOKH
U JONBJHUTEIHO OTJIaraHe Ha CJIOEBE BbPXY OCHOBHHS Marepual
WIM TPOMSHA Ha HEroBUS ChCTaB 4pe3 N00aBKa Ha IIbIHUTEIH,
Oarpwiia u ap.

3. Abcopoyuonno nosedenue Ha naacmmacume

ITnacTMacuTte ca CHCTEMAaTHYHH OpPraHM4YHH Marepuanu. Te ce
CBCTOSIT B IOBEYETO CIyYaW OT BBIVIEPOJHH CHCIWHEHHUS, KOUTO
oOpazyBar  makpomonekynu. Coopen — cBoATa  CTPYKTypa
IUIACTMACHTE CE€ JENAT Ha TPU OCHOBHH rpynu (¢ur.9):

®  TEPMOIUIACTH
e JypoIulacTu
e  eractomMepu

TepMoIUIacTHTE MPUTEKABAT HUIIKOBH MaKPOMOJICKYJIH, KOUTO
ca IpeIUIeTeHH ejHa B APpYyra, HO He ca CBbp3aHu oMexay cu. [Ipu
JypPOIUTACTHTE MAaKPOMOJEKYJIH Ca YaCTHYHO CBBP3aHU ITOMEXIY
CH, KaTo Cca Ch3/aJICHH 3/IpaBU XMMHYHH BpPbB3KU. TperaTa rpyna -
eacToOMepuTe  ca  eJAaCTUYHM  IUIaCTMacH, Ha  KOHUTO
MaKpOMOJICKYJIUTE Ca ChCIMHEHHM MOMEXIY CH, HO MMar ciladu
XUMUYHU BPB3KH.

.
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TEPMOIUIACTH JIypOILIACTH enacToMepu

@Duez. 9 Cmpykmypu na pasnuunume udoge NiAACMMACU

B ocHOBHaTa CTpPyKTypa Ha IUIACTMACHTE MOTAarT Ja Ce
BHEIPSBAT PUMECH OT Pa3nyeH BHI:
®  IILIHHTENH — CAXH, KBAPII, CTHKIOBIAKHA,;
MOMOIIHA MaTePUAai — CMa3Ku;
JOOABKY — XUMHYECKH CTAOUITH3aTOPH;
Pa3TBOPUMHM OPTaHUYHH CTAOUIM3ATOPH;
OLIBETUTEIH, TUTMEHTH [5]

IIpomecsT Ha na3epHO MapKUpaHE M IOIy4eHHs e(pEeKT BBPXY
MoJIMMepHaTa MOBBPXHOCT 3aBHCST OT CTEIeHTa Ha abcopOrms Ha
ngazepHoto JbueHue B Marepuana (¢ur.10). Ilpu nasepHO
Bb3JICfiCTBHE €Heprusrta Ha JIbYCHHETO Ce [OrWbllld Ha
HOBBPXHOCTTA Ha MarepHana. MaKpoMOJIEKYJIHTe Ha OCHOBHUS
Matepuan abcopOupar 100pe JIbYeHUs ¢ ABbDKMHU HA BBIHUTE OT
najedyHata HHGpauepBeHa M yITpaBUONeTBa obmactu (TOBa ca
neokuHuTe Ha BhaHUTE HA CO,- M ekcumepHuTe nasepu). JoOpu
npumepu B Ta3u Hacoka ca PC, momusnammxinopun (PVC), PET u
ABS u 1p. (¢ur.11). Te nobpe abcopOupar nasepHO JTbYCHHE OT
TO3M CIIeKTpajieH [Uama3oH M TpH TIX HE € HeoOXOIuMo
BKJIOYBAHETO Ha CIICLHAIHN JOOABKH.

Hpyru wunpyctpuanuu miactMmacu, kato PP, PE u PMMA
MOKa3BaT HUCKa CTeleH Ha abcopOIMs U He ca Taka MOJATIMBY Ha
MapKHupoBKa. (Tabi.2).



A =355nm
A% A =532nm CO4- Laser
A= 1064 nm A= 10,64 um
100
80T
60T

20T

0,1 0,5 1 Wellenlinge 4 [um] 10

Du2.10 A6copbyuonnusm cnexmvp 3a Hakou nomumepu. Ilocovenu ca
ObIDICUHUME HA GbIHUME HA HAU-Y4ecmo U3NOA36AHUmMe 1dzepu 3d

maprupane CO, u Nd:YAG zaszepu. [6 ]
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Wellenlange in pm
@uz.11 Tpancmucuonen cnekmup 3a nomuxapoonam (PC) ¢ debenuna
3,2mm

3aToBa B TAX € HEOOXOQMMO IPEIBAPUTENIHO Ja CE BKIHOYAT
J00aBKH, OL[BETUTEINH U ITbJIHUTEIH, KOUTO OKA3BAT CHJIHO BIIMSHHUE
Ha abcopOuusATa ¥ NOBHIIABAT YYBCTBUTEIHOCTTA HA MOJIUMEPHUTE
KbM  Jla3epHOTO  BB3zciicTBhe.  JlobaBkure  mojoOpsBatr
MOBBPXHOCTHATa abCcOpOLKs Ha JIa3ePHOTO JIbYEHHE U MOBHIIABAT
CKOpOCTTa Ha MapkupoBka. OT cBos cTpaHa nobaBeHHTE Garpuia u
OLBETHTENM 3aCHJIBAT LIBETOBHS KOHTPACT NpPH peall3upaHe Ha
KOHKpEeTHaTa MapKHpOBKa. TOBa MO3BOJISIBA JIA3EPHO JIBYCHHE OT
6mm3kata nHpayepBena A = 1064 nm u Buaumara obaact A = 532
nm cpaBHUTENHO A00pe na ce abcopOupa U B Te3u MaTepHain. B
pe3ynTar Ha TO3M ()CHOMEH CTaBa BB3MOXKHO @PH JIa3epPHO
MapKUpaHe C IbDKUHU Ha BBJIHMUTE OT TO3M CIEKTPAJICH JMana3oH
Ja ce MOCTHrHe J00bp KOHTPACT IpU BHCOKAa CKOPOCT Ha
MapkupaHe. Hamocnenbk ce Cb3Jazoxa CICHHAIHH IUIACTMAacH C
Olpe/eieHH [J00aBKH, KOUTO ca YYBCTBUTCIHH KbM JIa3epHO
BB3JICHCTBHE M C TAX U3JCIMATA JIECHO ce Mapkupar [7]. TunudHu
IUIACTMACH, KOMTO Ca MOJATIMBY Ha MapKUpaHe clie]] IOCTaBsHE Ha
Te3u 106aBku ca nonudopmanaexun (POM) momuyperan (PU), PE,
PP,PSu PVC.

Taén. 2: Kracugukayus na niacmmacume cnopeo nooamaueocmma um
KbM A3epPHO MapKupare 6e3 u ¢ 006a8ku

,q,oﬁpa HapkupHBKa A0Opa MAPKHPOBKA CaMo aKo MMa Bb3HOM¥Ha MAPKHPOBKa

be3 nodaBkH B MAacTHacara podaekn CaMo Ko MMa cneuHanin
DoGABKH 3a nazepu

m ABS n PS m PES m Polyester

m PC n Pl n PEI = PU

m PPSU » PETP u PE ® Polyolefine (PEHD, PP)

= PBT = POM m PA = PMMA

= PBTP = PPS = PVC = PTFE

m Styrol (SAN) m ASA

= PEEK

u UREA
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4. Jlazepnu usmounuyu

Haii-mmpoko pasnpocTpaHeHUTe Ja3epHU M3TOUYHMUIIH,
KOMTO C€ H3M0J3BaT B Mapkupamu cuctemu ca: CO, wu
Nd:YAG nazepure, IHOJHHUTE U E€KCUMMEPHHUTE JIa3epH,
KaKTO Y TOSBWIHTE c€ Hamociuenabk aiibep mnasepu. Te
MOKPUBAT JOCTTa MIUPOK IUAMA30H OT EICKTPOMArHUTHUS
ciekbp (¢ur.12). CpaBHeHHE MEXIy pa3IHIHH BHUAOBE
JgasepH, IbJDKAHUTE HA BBIHUTE HA UW3JIbYBaHe U
BB3MOXKHUTE METOJIM 32 MAPKHPOBKA C TAX € MPEACTaBEHO Ha
Tabm. 3

Taén. 3 Budoge nazepnu usmounuyu 3a MapKupame, cneKmpaninume
umM OUanazoHu u Memoou na nPUnoIcene

EMI, cneKkTanHa oon. A nm MeTo
0,y rbpauepEeH 10600 THAEHIOBEL
HapOOHEALET
NdY &G HEDpaUe PEeHa 1064 DIEeTABANE, HAGHEEARE
OIETARAHE HPEs
Hd:YAG EHTHMA 532 FRIPRCTENS HA [ETMEHTH
FrcHmMepHH  wirpasMooeToBa  191-352 DIESTAEAL: MPes

FBIMEHCTEHE HA IHTMEHTH

sichtbarer Bereich 400 nm - 800 nm

Farbstoff-Laser

Md:YAG-Laser CO,-Laser
1064 nm 10,6 pm

Argon-
Excimer-Laser ionenlaser  He-Ne-L.

2.B. 193, 248,308 nm | | 488, 514 nm 632 nm Dioden-Laser

600 700 800 900
Wellenlange 2, ——

1000

frequenzverdoppelter
Nd:YAG-Laser

532 nm Ho:YAG-Laser

2,1 pum
frequenzverdreifachter
Nd:YAG-Laser
355 nm
Duz.12 /Iwmfcuuume Ha 6b/IHUmMe Ha u3ivueane npu paiuvHume

sudoge Jlas3epuu usmounuyu

TEA - CO,; nasepa (Transversal Excited Atmospheric) pa6otu
Ha 6a3aTa Ha BBIJICPOJICH JBYOKHC, KATO aKTHBHA Cpelia U U3JIb4Ba
JTBUCHHE B JajleyHaTa HH(QpayepBeHa 00JacT Ha CHEKThpa A =
10600 nm. To3u nasep mpeaUMHO Ce W3MOJI3Ba 33 MapKUpaHe 4Ype3
rpaBupaHe. EHeprusTa Ha JBUCHHETO OTHBA MPEIUMHO 3a
HarpsBaHe W CTOINsBaHE Ha MaTepHala B 30HaTa Ha oOpaboTka.
ITopaau CpaBHUTENHO TONEMHsS [MaMEThp Ha PabOTHOTO IETHO
TO3W Ja3ep YCIEIIHO ce W3I0J3Ba 3a MapKHpaHe C MOMOIITa Ha
Macka, IpH HaHACSHE Ha JIOro Ha QupMma W Ipyrd H300pakeHUst
BBPXY IOBBPXHOCTTA Ha H3zeaHeTO. [loAXo[simy Marepuaid ca
enwixiopug (VC), kapbamMuIoGopMaIeXuAHH CMOJH |
IUIACTMACH C ITBJIHUTEIIH Ha CI0/a U (DHIOCHIMKATH.

Nd-YAG (Neodymium:Yttrium-Aluminium-Granat) nasepst e
Hai-IIMPOKO Pa3MPOCTPaHEHHMS J1a3ep 3a MapKUPOBKA, KATO TJIABHO
ce M3II0JI3Ba 3a BB3JACHCTBHE BbpPXY TepMoIacTh. To3u saszep ¢
HOAXOMAII CKEeHep M codTyep 3a ympaBieHHe Ipemiara 1oopa
KOMOHMHAIHSI OT CKOPOCT, KAYECTBO U I'bBKABOCT MPH pealiu3UpaHe
Ha MapkupoBkara. Toil W3rb4Ba IJ1aBHO B GiM3Kara HHQpadyepBeHa
obmact A = 1064 nm. 3a MapkupoBKa MOraTr Ja ce H3IOJI3BaT H
XapMOHHYHHTE My dvectotd mpu A = 532 nm wu A = 355 nm.
TUNUYHM MOIIHOCTH, KOUTO €€ M3MOJI3BAT 3a MapKHPaHETO Ha
miactMacu ca B uHTepBama 50 + 250 W, mpoabmkuTEeNHOCT Ha
ummyncure ot 10 ns go 100 NS W dYecToTa Ha cleaBaHe Ha
umnyncure 10 120 kHz. JIpuenuero ce nommaBar ce Ha (HUHO
(bokycupaHe, KaTo IHaMeThpbT Ha pPabOTHOTO METHO MOXE Ja
nocturde 30 um. Ta3u npennsHa GoOKyCHpPOBKa € MHOTO TOJIe3Ha 32
MapKHUpaHe Ha MHOTO MajK{ €JIEMEHTH OT MHKPOEJIECKTPOHUKATA H
coJlapHaTa TeXHHUKa.



JlnogHuTe Nasepu INpUTEKaBaT JOCTa LIMPOK JHMANa3oH Ha
cnexkTpaiaHo u3mbuBaHe oT 780 nm mo 980 nm. [nama3oHbT Ha
MOIIIHOCTUTE € OT HSAKOJIKO BaTa N0 HAKOJNKO Kwioara. OOaue
Ka4yeCTBOTO HA JIb4a U B3MOXKHOCTTA My Ja ce (okycupa Ha Maika
IUTON ca JIOCTa OTPaHMYEHH, HO 3a CMETKa Ha TOBAa MMAaT BHCOK
Koe(hUIMEeHT Ha MoJIe3Ho JeHcTBue, pocturamn 10 50%.

ExcumepHuTe J1azepu IpemiaraT ChIIO JOCTa IIHPOK
crnekTpaieH auana3oH ot 193 nm mo 351 nm. Te umar u mo-Brcoka
pa3pelmTenHa CHOCOOHOCT IPU MapKUpaHe, Thil KaTo Morar Ja ce
(oxycupar B ETHO C MO-MaJKU Pa3MepH, OTKOJIKOTO JTbUYCHUETO Ha
Nd-YAG naszepure. Mosxe ChIIO a ce MpUiara MpH TeXHOJIOTHATA
3a MapKHpaHe ¢ NPOCKLHOHHUS crocob - upe3 Macka. Karo ueHa ca
no-ckbiu B cpaBHenue ¢ Nd-YAG nasepute. Bee nak te umar cBos
3aBOIOBAaHA HMINA, KAKBAaTO € MapKUPAaHETO Ha W3JeNUs 3a
KOCMHMYECKaTa TEXHHKA U CaMOJICTOCTPOEHETO, KbAETO Ce M3HCKBa
BHCOK KOHTPACT W CBHIICBPEMEHHO IIOYTH JIMIICBAT HM3MCHEHMS Ha
cBoifcTBaTa Ha MaTepuana. [Ipon3BoaMTENNTE HA JIECHO 3aNaIMIMU
MaTepHali ChILIO MPEANOYUTAT TEXHUTE U3JEINs Ja C€ MapKUpar ¢
UV nasepu, Thi KaTo JHIICBA HarpsBaHe B 30HATa Ha Bb3/EHCTBHE
KaKbBTO € CIy4asT NPH BB3ACHCTBHE C JIBIDKMHH Ha BBIHUTE OT
vH}padyepBeHaTa o0yacT. AHAJOTMYHA € CHUTyanusTa W TpHU
MIPUIJIOKEHHETO 32 MapKUpaHe Ha MEAUIIMHCKY HHCTPYMEHTH , TYK €
0CO0EHO € BaXKHO JIa Ce 3aIla3H IIaJJKOCTTa Ha MMOBBPXHOCTTA, 3a Ja
He CTaHaT 30HUTE Ha 00paboTKa LEHTPOBE, KBAETO MOraT Ja ce
HaTpynBar OaKTepuH.

®daiiGep nazepu ce nosBuxa mnpe3 nociuegaute 10 roguHU, HO
MPUTEXKABAT peaulia MPEIUMCTBA IMPEA APYTHTE H3TOYHHIM Ha
nasepHo rpyeHue [8]:
"  JIeCCH TPAHCIOPT HA  JIA3ePHOTO
CTBKJIOBJIAKHO JI0 30HaTa Ha 00paboTKa;
®  MHOro J00pO KauecTBO Ha JIa3epHUsI JTbY;
"  BHCOK KOC(UIIMEHT Ha TMOJE3HO JEHCTBHE — HHUCKH
Pa3xo/IM 3a 3aXpaHBaHe HA HATIOMIIBAIL[MTE JHOJIH;
"  BHCOK EKCIUIOATAlHOHEH PEeCypC— BPEMETO Ha KHUBOT Ha
muopure € Hax 100 000 gaca;
"  BpeMeBa M HPOCTPAHCTBEHA CTAOHIHOCT HA JTHUYCHUETO
pe3 ISUI0TO BPEME Ha Bb3/IEHCTBHE;
" MayKu rabapuTH, KOETO € NPEINOCTaBKa 32 MOOUITHOCT;
- JIECHO BrpaXxJaaHe B TCXHOJIOTUYHHU JIMHUU C
HENPEeKbCBAEM IIPOIIEC.
[Topamu Te3u cu mpeauMcTBa (aibep azepuTe Bee MO-YECTO
U3MECTBAa [PYTHTE Ja3epd OT YTBBPACHH BeYE MPOMHUILICHH
TEXHOJIOTUH 32 MAPKHUPOBKA.

JIBbYCHUC o

CKeHep

HIOe/ e

Que. 13 Crkenep ¢ o0bexkmug om mexHonN02UYHA cucmema 3a
MapKupamne Ha RAACMMACOSU U30enUs

IIpu mapkupate ¢ tBppporeianu Nd-YAG, daitbep u nuoauu
Jazepu Haif-uecTo 3a yIpaBICHHE M IPEMECTBaHE Ha JibY4a B
pamMKuTe Ha paboTHATa 30HA Ce M3MOJI3Ba CKeHep. [IBolika rajaBaHO
oryienana OTKIOHSBAT ab4a mo X u Y, a o0exTuBbT (okycupa
JTBYCHHETO BBpPXy padotHata moBbpxHOCT (dur.13). C Hero ca
HPHJIOKHUMHU, KaKTO METOAa Ha BEKTOPHO MapKHMpaHe, Taka M Ha
pactepHO. MakcHMajHaTa CKOpPOCT Ha MpeMecTBaHe Ha Jibya e 12
m/s, koero mo3BojsBa Aa ce Mapkupar 100 cuMBOJa B CEeKyHIA.
PaborHoTO mote € ot 60 X 60 mm xo 290 x 290 mm.
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5. 3aknrouenue

TebpmoTenHHUTE Ja3epu ¢ OUONHO HarmoMmBaHe U (haitbep
Ja3epuTe ce HaloXKKuxa Ha nmasapa npe3 1998 r., a UV — nmazepure ce
nosiBuxa ezBa npean 9 roguuu. [IpoOuBbT Ha (aitdbp nazepute B
OpaHIla Ha Jla3epHOTO MapKupaHe Ha IUIaCTMAacH € IIpe3
nociennute 5 rogunu. Excumeprute (UV) — nasepu Hamociembk
CBIIIO 3aM0YHAXa J1a ThPCAT HE3aeTH HUIIU B TO3U OpaHIIL.

I'mobanu3anuara Ha MPOU3BOACTBOTO M THPrOBUATA IOCTaBs
HOBU ¥ HOBH M3WCKBAaHHS KbM MapKHpPOBKATa HAa U3/ENHATA, KOUTO
ce mpemlaraT Ha maszapa. EnHO, OT KOMTO € M3HCKBaHETO 3a
ABTOMATHU3UPAHO pa3uWTaHe Ha WHQOpManuaTa. 3aIbDKUTEIHA
NPAaKTUKA, CBIIACHO MEXIYHapOJHHUTE CTaHAApPTU Bede € Ja ce
HaHacsl Ha M3JeNMsITa MapkKUpoBKa BB BUI Ha bar-xkomose u 2-D
MmarpuuHu komose. IlocpencTBomM  HaHeceHaTa BBPXY TIX
UHGOPMAIMS MOTPEOUTENAT MOJNTy4yaBa TAaHHU 332 HPOM3BOJUTEINS,
JIbprKaBaTa, TEXHUUECKH XapaKTEPUCTUKH 3a u3genuero u ap. IIpes
HOC/EAHUTE TOAUHY U3KIIOUUTEIHO HapacHa poJIAiTa Ha ja3epHara
MapKUpPOBKaTa U KaTO Bb3MOXKHOCT 32 3alllUTa Ha MHTEIECKTyalHaTa
COOCTBEHOCT M IpeAla3BaHEe Ha IIPOM3BOAMTENS OT II0SBaTa Ha
¢damuudurkaTy Ha Ma3apa ¢ IMUTAIMS Ha HETOBUTE MPOITYKTH.

MHOro € HAlpaBeHOTO B 00JacTTa Ha JIa3epPHOTO MapKHUpaHe,
HO MHOTOOOpa3sHeTo € OrpoOMHO W BCE ONIE HMMa IIHPOKH
BBb3MOKHOCTH 3a HOBM HWHOBallMM B Ta3W o00JacT, 3aToBa |
AKTUBHHUTE W3CIICBAHUATA W DPAa3sBUTHETO IMPOIBIDKABAT M IIE
MPOIBIDKA U 32 B ObJICIIE.

Jlumepamypa

[1] Dietel, C., Laserstrahlbeschriften von Kunststoffen - eine
Ubersicht, Vortrag BLZ, Miinchen, 2006

[2] FaiRt B., Markieren mit Laserlicht kennt kaum Grenzen,
Blechnet, 03.05.2007 S. 1-9

[3] Fait B., Laserstrahl Beschriftung von Kunststoffen, Photonik,
2,2007,S.72-74

[4] KURZ Laser Color Transfer Technology (LCT (R)) White
Paper,http://www.kurz.de/kurzweb/en/home.nsf/contentview/4357A
7E088B8C345C1257043004C4AFB Retrieved February 17, 2012
[5] Tnukwrepr M.B., Moaundukaiys HamoTHUTENCH 15
mwractmacc, [lomum. Marepuansr, Ne 8, 2002, ¢. 10-12.

[6] Angstenberger B., Laserbeschriftung von Kunststoffen mit
Festkorperlasern verschiedenen Wellenldngen, in BLZ Workshop,
20.10.05 TRUMPF Laser GmbH

[7] Aysakuna H.W., Tkauesa H.W. BoiGop HamosHUTENCH 115t
NpUuaaHus Ci€UaJIbHBIX CBOMCTB MOJIMMEPHBIM MaTepuajiaM.
ITnactuueckue maccel, Ne 11, 1989, c. 46 - 48.

Hénsch, D., Die optischen Eigenschaften von Polymeren und ihre
Bedeutung flr das DurchstrahlschweifRen mit Diodenlaser,
Dissertation, Aachen, 2001

[8] Bync C., M. [laka, I'.®nun BonokoHHBIE j1a3epbl cpeaHeit
MOIIHOCTHU U UX NPUMEHEHHEC, Hay‘{HO-TeXHI/I‘leCKHﬁ JKypHal
OOTOHMKA, Bbim. Ne 4/2008, www.photonics.su/issue/2008/4/2


http://www.photonics.su/issue/2008/4
http://www.photonics.su/issue/2008/4/2

SIMPLIFIED ANALYSIS OF DISPERSION AND ATTENUATION OF THE BRAGG
FIBER
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Abstract: In this article the mechanism of spreading of optical radiation in a Bragg fiber is considered. A mathematical model for
analysis of a Bragg fiber viewed as a flat multilayered dielectric structure has been proposed. The method of geometrical optics of
description of spreading the light is used. Formulas connecting the clad refractive index with fiber parameters are given. The light
attenuation at its refraction in the multilayered clad and chromatic dispersion are calculated, as well as the dielectric loss of the clad
material. The dispersion and the width of the waveband of Bragg fibers with different number of layers and low waveguide modes have been
compared. Examples of fibers with different coefficient of dielectric material loss are included.

Keywords: BRAGG FIBER, GEOMETRICAL OPTICS, DISPERSION, ATTENUATION

1. Introduction

In the conventional optical fibers, propagation of the light only
in the core is caused by the total internal reflection from the clad.
This is possible when the effective refractive index of the core is
greater than the cladding. The Bragg fiber is one dimensional fiber
and is constructed as uniaxial cylindrical layers. The fiber cladding
is a dielectric mirror, realized as a multilayer dielectric coverage
[2]. This kind of fibers is a part of so called Photonic Crystal Fibers
(PCF) or microstructured fibers. The term marks the most of the
optical fibers with a complicated clad structure; which often
includes one- or two-dimensional periodic structures and has
substantial influence on the optical properties of the fiber [3]. PCF
decrease significantly the restrictions, caused by the materials and
the construction of the conventional optical fibers and allow the
characteristics of the fibers as bandwidth, dispersion, nonlinearity,
modal area to be controlled more freely [5]

The attenuation of the light in the fiber during transmission to
long distances is critical. In the usual fibers, the attenuation is
limited by the Rayleigh scattering of the energy of spreading
modes. Because of that, when manufacturing, the fibers should use
pureness materials with low dielectric losses.

All PCF allow easy changing of dispersion and can compensate
the dispersion in the telecommunication fibers. The high attenuation
can be overcome by a new design [6].

Cross-sections of different kinds of optical cylindrical PCF are
shown in fig. 1. These fibers have different mechanism to keep the
light inside the core.

(@) g

Fig. 1 PCF fibers. (a) Bragg fiber, with a one-dimensional periodic
cladding of concentric layer; (b) Two-dimensional periodic structure (a
triangular lattice of air holes — “*holey fiber”), confining light in a hollow
core by a band gap; (c) Holey fiber that confines light in a solid core by
index guiding.

Nowadays there is no universal and precise enough method of
evaluation of the fiber losses, which allows an optimizing of
construction properties (diameter, layers thickness, refractive index
of the material) in a given frequency band. Numerical solution of
the Maxwell equations is realized in many software systems, but it
needs significant computation power. Solution of the system of
partial differential equations takes tens of minutes or hours. Despite
of some accessible software modules, creating such a completed
software tool is not an easy task. The software systems, ready to
use, are specialized to analyze a group of similar problems and they
are expensive.
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Next we will propose an engineering accuracy method for
analyzing the light propagation in a multilayer Bragg fiber with a
hollow core as a result of tunneling and taking into account the
dielectric losses of the fiber clad.

2. Mathematical model

Suppose we have a Bragg optical fiber with M cylindrical layers
of cladding. The core refractive index is n,. A cross-section view of
the fiber is presented in Fig. 2.
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Fig. 2 Oblique incidence in multilayer dielectric structure

Because of central symmetry of the fiber, only half of a
longitudinal section is shown. We suppose that the fiber is like a flat
multilayer dielectric structure [1]. From the left to the right in the
figure are located the core, layer 1, layer 2, layer 3,..., layer M of
the cladding. The symbol n, marks the core refractive index. n; is
the refractive index of the layer number i. n,, is refractive index of
the uppermost layer. The thickness of the layer i is signed as i=1, 2,
3..M. Here E 4, k=1, 2,..., M+1 marks falling (+) or refracted (-)
parts of electrical field at the border of layer k and the layer on the
left before it. The leaking field from waveguide is signed
as Eq y414- The Snell’s law describes the relationship between the
angles of incidence and refraction and the refractive indexes of the
material at the border surface between every two of all M+1
boundary layers:

(1) ngsinb, = n;sinf; = n,sindy,

when i=1,2,3,...,M.

We suppose there is no incident field on the right of the
structure. Here p;; is a transverse refractive index of surface
number i, defined as:

Mi-1 ~"ri
M-t * i

@ pri= ,i=1,2,3,... M+1,

where ny =ng and ng,, . =mn,. The phase shifting of incident
beams, passing through the layer number i is given by §; =
kon;cos0;, where k is the wave number in the free space, k, = 27"



In every layer, the transverse refraction factors for TM and TE
polarization are described as:

i N
———, TM polarization
©) nTI — COSGi

ni,

TE polarization
wherei =a,1,2,..,M,b.

The spreading matrix associates the electric field density of the
incident with refracted beam recursively:

P eXp(=] 5")}{ Eris } ‘
exp(—jol) | Er.i-

(4) |:ETi,+:|=1|: eXp(Jéi)
Eri- ™ | pr, exp(joi)

where i=M, M-1,..., 1. Here the refractive factor is
I'ti=Eq; /Eq; + and associates [, With recursion:

& To = Pri i 8XP(-2)40)
Ti 1+pTiFTi+1exp(—216'|)

,I=M, M-1,..., 1,

where ITyre1 = Praser

A similar association exists between electric and magnetic field
on the boundary between 2 layers:
Eri

3]

where i=M, M-1,..., 1.

cosdl Eriva

inyj sin o)
cossl | Hrisa

In (6) the transverse characteristic impedances are defined as:

jrrisin o

ncos® TM polarization

(7 = n

TE polarization
cosf

where 1 =1, / N;; . The total power of incident beam Py,

towards the wave vector direction, its z component and the input
power into first layer P, for TE and TM polarizations are given by:

1l P _
®) PFp= 27 |E|n| +Fin,z = Fin c0s b,

2
na =ng /N, . B = Pm'z(l—‘rl‘ ).
The losses of reflection are:

=1-r)f,

P (4)
Pin.2 (1)

©9)

The normalized attenuation is:

=[r@)|’.

Pin,z (A)’P (Z)

(10 B(A) ="~

We discuss a fiber with radius a, core refractive index ng,

cladding refractive index n,. The light is spreading when
sinf,>n,In,. Fig. 3 shows the trajectory of beams.

N4
A
X
0 n
a 0,]0, a 2a t
\ 4 z
N1

Fig. 3 Meridional beams in the core
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The spreading modes of index m have discrete values of the
angle 6,. The transverse resonance condition expresses the phase
change for one zigzag of the beam, multiple by 2z:

(11) 4akgngcosf, + @ = 2mmn

where ¢ is a phase changed by reflection from the boundary
core - cladding. Between two sequential refraction, the path of light
beam is Iz = 4a.tg8,. If the length of the fiber is equal to L, there
are N reflections inside the core, where N = L/lz . The losses B(4)
in a fiber with length L for TE and TM polarization are proportional
to N:

2
Lr(
12) B(2)=NJr)? :%.

The reflection factor isT'(1) = |1"(/1)| exp(arg(l"(4)) , and the

phase change when the beam passes through the entire fiber is
N.arg(T'(2)). The delays of beams with TE and TM polarization are
respectively 7, and z,. They are calculated by an expression [4]:

where I'(4) is reflection factor for TE and 7A/ modes.
The chromatic dispersion of the fiber dCr is given by the

expressions:

2 2
19 d_ -2 2B~ & @elt)
°r di A 2z.c da

The total attenuation BN(7) along the whole length of the fiber is
expressed as a sum of the particular area attenuations Bi(/) in which
the reflected beam is signed with integer number 1,2,3,...N, as
follows:

By (4) = By (2).B5(4)-B3(4)..By (1) =

BN (1) =

(15)
2N,

In expression (15) I'(4) are complex refractive coefficients in
areas with incident angle 6,

(16) TA) =a+jB.

The real part o accounts the propagation losses, and the
imaginary part f is a phase coefficient. When in the clad there are
dielectrical losses, the refractive index n and wave vector k are
complex numbers too:

(17) n=n'—jn", k =k —jk",

The propagating electrical field trough z axis is represented as:
(18) E(2) = Eyexp(—Tz) = Eyexp(—az) exp(jBz) =
= Eq exp(—jkz) = Eqexp(—k"z) exp(—jk'z) =
= E,exp(—k'z) exp(—jznTﬂz) .

The phase coefficient  can be expressed by the real part of the
refractive coefficient o and the wave length in free space A as

2nn

B = - Usually

(19) a[dB/km] = 10lg(az) .
From (17, 18, 19) follows:

2nn”

nu_A_a
2!

Tom

(20) a=k"=

When dielectrical losses are low, n” ~ tg 6.



3. Examples

Let’s have a M-layers Bragg fiber with an air core, a core radius
a=62 um; na=1.0, nb=1.5. The cladding consists of three different
materials, each of them having different losses. (H, L, b layers). The
thickness of the layers is chosen so as to make a phase difference of
90° for the central wave length /,=1500nm.

The user enters loss coefficients of the layers ay, a;, a;. After
solving the characteristic equation (11) for m=1 and doing some
calculations according to the above proposed mathematical model,
we obtain as a result the refraction coefficients of the multilayer
cladding.

Then we calculate the normalized attenuations B, (A1) for TE

polarization in [dB] for a fiber without deformation.

After that, we obtain the group delay and dispersion. The
influence of the losses a[dB/km] of the clad on the attenuation of
TE wave is shown in fig. 4.
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Fig. 4 Attenuation Bte(2) when the material has different losses. The upper
diagram range is 30 dB; the lower diagram range is 5000 dB

Fig. 5 shows a comparison between attenuations Bte of the first
TE mode in the Bragg fiber with M=9 layers of the cladding and
conventional SMF, depending on losses of material of[dB/km],
when the wavelength is fixed to A=1550nm.
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Fig 5 Attenuation of Bragg fiber and SMF when losses of the clad are
different

The comparison of the attenuation of the Bragg fiber and
conventional SMF shows, that in case of a<7dB/km the
conventional SMF has lower attenuation per unit length. When
losses o rise above 7dB/km, the Bragg fiber can have lower
attenuation than SMF.

Fig. 6 shows changing of the attenuation of the fundamental TE
mode (m=1), in a Bragg fiber with core radiusa = 62um,
A=1550nm, as function of losses in material «. Here are some
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diagrams of the attenuation Bre(a) in a fiber with different number
of clad layers (M=9-21). The diagram shows, that with increasing
of the number of the dielectric clad layers the attenuation of the
fibers decreases, this decreasing changing more intensively in fibers
containing fewer numbers of layers in the clad, than in fibers
containing over 13 layers in the clad. The increasing of a above
50dB/km abruptly increases total attenuation of the fiber. However,
even in fibers with 11 layers and losses a<68dB/km, total
attenuation is less than -20dB/km.
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Fig. 6 Attenuation Bte(o) in a Bragg fiber with M=9-21 cladding layers

Fig. 7 shows shifting of the maximum of the wave characteristic
of the Bragg fiber with different numbers of layers M=9, 11, 13, 15,
when losses of material in cladding o increase. It is shown that this
shifting depends more strongly on losses of the material cladding o
in fiber with larger numbers of layers in the clad.

am_M 111595

€ 1590)
€ Am_M1315gs|

1580)
am_M151575| £
1570]

1565
1560
1555
1550
-20

-24 -28 -32 -36 -40 -44 -48 -52 -5 -60 -64 -68

o
dB/km

Fig.7 Maximum of the wave characteristic, depending on the losses in a
fiber with different number clad layers

Fig. 8 shows the changing of the bandwidth 44 [nm] of the
wave characteristic Bte(7) on level -3dB, depending on the losses of
the fiber cladding material «[dB/km] when M=9, 11, 13, 15
cladding layers.
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Fig. 8 Changing the bandwidth, depending on losses in a fiber with different
number clad layers

The bandwidth 44 is narrower in fiber with fewer numbers of
layers and decreases when o rises. For example, when M=9 layers,
and a=0dB/km the bandwidth is 4A=300nm and when a=68dB/km
the bandwidth decreases to 44=230nm.

Fig. 9 shows the changing of the steepness st_plus and st_minus
of short wave and long wave slopes of the wave characteristic



Bte(?), depending on the losses a[dB/km], the number of clad layers
being M=15.
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Fig. 9 Slope of the wave characteristic as a function of losses

The studies show that steepness of the slopes of wave
characteristics rises when the number of fiber layers rises due to the
decreasing of the attenuation and increasing the flatness of the wave
characteristic Bte(4) in the bandwidth.

Fig. 10 shows the attenuation Bte(A=1550nm) in the fiber as a
function of clad material losses a=20-68dB/km. On a common
diagram are represented attenuations in fibers with M=9 layers and
different core radius (a=10-100 um).
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Fig. 10 Attenuation, depending on the losses in a fiber with different core
radius

The chart demonstrates the decreasing of attenuation of the
Bragg fiber, when the radius of the hollow core increases.

Fig. 11 presents the attenuation of the same fiber as a function
of the clad material losses, presented by tg 6 and with different fiber
core radius (a=10-100pum).
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4, Conclusion

The proposed mathematical model and the calculation algorithm
allow an approximate analysis of the basic characteristics of Bragg
fiber. This method makes it possible for optical fibers with M
(M<21) clad layers to be analysed. The obtained numerical results
show the influence of losses of real dielectric materials over the
attenuation of the wave propagation in the Bragg fibers.

The comparison between the attenuation of Bragg fiber with
small numbers of layers (M=9) and conventional SMF with the
same dielectrical losses. o of the material clearly shows that the
Bragg fiber has an attenuation greater than the usual SMF, when the
losses in the dielectric clad are small (a<7dB/km) due to limited
transparency of the cladding. The increasing the losses in the
dielectrical cladding (a>7dB/km) makes the Bragg fiber attenuation
less than the attenuation in the SMF. In case when a<20dB/km,
losses of the dielectric material slightly influence over the
attenuation in the fiber. This difference becomes very small when
losses exceed 60dB/km (tg & > 107%). The attenuation increases
very fast (by more than 20dB/km) when a>70dB/km. This means
that to manufacture Bragg fibers, it is not necessary to use the
complicated technology, to get pure materials, usually used for
conventional optical fibers.

Increasing the fiber air core radius decreases the attenuation in
the fiber.

The bandwidth decreases relatively slightly when the losses of
the material increase. The wave characteristic is asymmetric, its
short wave slope being shorter and steeper and the long wave one
more gradual and longer. The steepness of the slopes depends on
value of the losses. When the losses of clad material increase, the
steepness of short wave slope decreases and the steepness of the
long wave one increases.

When the dielectric losses increase, the dispersion and the
group delay time decrease.

The method of geometrical optics is less accurate than
numerical methods of calculations of the field, used in some
software packets, based on a large group of general and specific
methods of solving Maxwell equations. The obtained quantitative
and qualitative dependences for PCF Bragg fiber are similar to the
other ones, for example [3], [7], [9]. This analytical method of
calculation is a lot faster than the numerical ones, because of its
simplicity.
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RESEARCH OF THE CHARACTERISTICS OF A STEGANOGRAPHY
ALGORITHM BASED ON LBS METHOD OF EMBEDDING INFORMATION IN
IMAGES
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Abstract: The article deals with the steganography system which hides text inside images without losing data. The secret message is
hidden in the cover image using Last Significant Bit (LSB) algorithm. To evaluate steganography system properties the measures like
Signal-to-Noise Ratio (SNR), Peak Signal-to-Noise Ratio (PRSN), Mean Squared Error (MSE) and Structural Similarity Index for
measuring (SSIM) are used. Experimental results show the advantages of the described steganography system.

Keywords: STEGANOGRAPHY, LSB, SNR, PSNR, MSE

1. Introduction

Modern world communication between companies and
consumers needs a more protected and secure exchange of
confidential information via Internet. One way to achieve this is,
through the use of stenography. It ensures secure data transfer, due
to the very fact of hiding the implementation of secret
communication. Two steganographic categories are defined in [1].
The first, called Fragile includes embedding information in a file
that will be destroyed if it is changed. The other type of
steganography is considered to be Robust. Its purpose is to embed
information in a file that cannot be easily destroyed.
Steganography algorithms can also be classified according to other
criteria. According to the object in which the secret message will
be embedded, steganography can be achieved through images,
audio and video files, text or web protocols.

To be able to select a steganography algorithm for a particular
application, it is necessary to clearly distinguish between the pros
and cons of each one of them. A major factor is the identification
of specific indicators by which to evaluate algorithms. The criteria
which one steganography algorithm must meet are invisibility,
amount of embedded data, type of files, sustainability of stego-
analysis and sustainability of modification.

All criteria of a method cannot be optimized simultaneously.
For example, if you need to embed a large amount of data, the
image quality will deteriorate and/or a compromise on any of the
properties of the method will have to be done. Adding extra
property to the method of hiding data (such as detecting illegally
altered areas in the image) reduces the maximum amount of
embedded data and/or reduces the quality of the image. When
evaluating methods for hiding data, these compromises should be
taken into account.

2. Basic characteristics of

algorithms evaluation

When comparing two images four major statistical properties
which describe the degree of similarity between the images are
calculated: MSE (Mean Squared Error), PSNR (Peak Signal-to-
Noise Ratio), SSIM (Structural Similarity Index for Measuring),
and images entropy.

steganography

The calculation of the MSE (Mean Squared Error) is a
standard statistical approach to objectively measuring the degree
of difference between two images. A small value of the MSE
means that the average level of difference between them is little.
In the case of two identical images, the MSE value is zero. Unlike
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the MSE, a greater value of PSNR means better image quality.
When there is uniformity of two images, PSNR has a value
tending towards infinity. The main purpose of all steganography
methods is to minimize the value of the MSE, and accordingly
maximizing the value of the PSNR.

The characteristics studied are represented by formulas (1) and
(2), the PSNR is based on values obtained for the MSE:
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Where m and n are the width and height of the image; I (i, j) and
K (i, j) are relevant pixels with coordinates (i, j) in the original
stego-image.

max? max
(2) PSNR = 1010g10(m) = 10.10g10(m),

where max = 255 for 8 bit images.

The degree of similarity of the images before and after the
embedding of the data, measured by the MSE and the PSNR,
determines the quality the stego-image [5]. When the similarity
between the images studied is small it is assumed that the quality
of the stego-image is lower.

Figure 1 is a block diagram visualizing the steps of calculating
the basic functions of the images quality. From the figure it
becomes clear that they are interrelated and derived from one
another.

MSE
snme ol panm f—8 ssma rae—

.....

Fig. 1. Block diagram of the transformation of the basic
qualitative characteristics of an image

The SSIM index (Structural Similarity Index for measuring) is
similar to the MSE and the PSNR, but is designed to improve them
both. As an indicator it measures changes in brightness, contrast
and structure of an image. What is needed to obtain the SSIM is, to
combine the values obtained for the average intensity of the
brightness, the variations in the contrast and the structure of the
cross-correlation between the original and stego-image. In [8], the
brightness, contrast, and the value of structural similarity are
represented by equations (3), (4) and (5):
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(5) s(x, y) = Gy
where C,, C, and C; are constants obtained by the equations.
(6) Cy1 = (KiL)’, Co = (KoL)

In (6) L =255 for an image with 8 bits/pixel, and K, <<1 and
K, << 1 are very small constants.

The values obtained in (3), (4) and (5) are combined into a
final average value for the SSIM index

U] SSIM(x, y) = [1Ge, ] . [c(e P [sC, 0],

Where o >0, >0 and y > 0 are parameters which determine the
relative importance of the three components in the value of the
SSIM(x, y). In the article was accepted equal importance of
brightness, contrast and value of structural similarity, i.e.
a:ﬁ:y=landC3:C2/2.

From the above-mentioned equation (7) follows in (8), which
represents the final form of the SSIM index between two images of
xandy:

(Zﬂxﬂy+cl)(20xy+cz )
(U3+U5+C1 ) (a5 +05+C2)

(8) SSIM(x,y) =

SSIM(x, y) takes values in the range [0; 1], and when x =, the
value of SSIM (x, y) = 1.

In the article of [10] is proposed constraints analysis of the
MSE and the PSNR and they are compared with the SSIM.

In [9] a special case of (8) is discussed, in which C; = C,=0. A
disadvantage of these parameters is that when the denominator of
(8) tends to 0, the resulting measurement becomes unstable. This
problem has been successfully solved in [8] by adding two
constants C,, C,, for which is calculated by (6) that are K; = 0,01
and K, =0,03.

According to Shannon Entropy E is a measure of uncertainty
that exists in a source of information with respect to some variable
or event.

3. Steganography algorithm based on the LSB

method of embedding information in images

Stego-image 24-bit format file storage using RGB (Red,
Green, Blue) color model [3] is a prerequisite for the presence of a
large excess of information that can be used for the purpose of
steganography.  Steganography synthesized algorithm  for
embedding information in images uses up to three of the last
significant bits in each color channel pixels.

Additionally, the opportunity for selecting a color-channel and
pixels in which the information is embedded is achieved.

Steganography modification principle [2] is used to implement
the functions of embedding and retrieving data in the cover image,
where the pre-existing cover images are changed during the
process of embedding. An algorithm is used for insertion into the
LSB (Last Significant Bit) for hiding information in image [2], [7].
Through the LSB method is obtained embedding of the message
bits in the last significant bits of the color components of
individual pixels of the image. It is symmetrical, which means that
for embedding and extracting a message, identical operations are
performed in the same order. The effect of the algorithm is based
on the fact that the secret information is stored in the last
significant bits of the pixels of an image, without causing visible
differences in its view.

Figure 2 is a general block diagram of the algorithm, in which
is checked whether there is a data entry or retrieval. Thus is

checked what operation will be realized and is proceeded to the
incorporation or extraction of the confidential information

Zzlzct Stezo-imaze

Changs the options

Enter the messags

Tuning the options

Extract the meszzgs

Encoding the meszzgs

Decoding the mezzzgs
Embed the messzes

The saoret mesizgs

Fig. 2. Block diagram of the software system

The proposed algorithm can work with BMP, PNG and TIFF
file formats of images without size limitations. Since it does not
have a block for pre-compression, the maximum amount of
information that will be embedded in the image is determined
depending on the size of the carrier file minus the information in
the header file (service information), while also allocating bytes
for the generated code of the password.

The amount of the stego-file is the same as that of the carrier
file. A stego-key can be typed in the algorithm. The stego-key is
used to control the process of embedding confidential information
and limit the ability to find and recover the secret message [6].
Rijndael symmetric encryption algorithm is used in the proposed
algorithm for protecting the stego-key.

4. Experimental set of images

By implementing a program system for embedding/ extracting
text messages many tests with different size messages and images
have been carried out. The studied algorithm is based on the LSB
method applied and tested on BMP image formats. Test results of
the qualitative characteristics MSE, SNR, PSNR, SSIM and E are
analyzed. Visual analysis of the compared images shows lack of
visual differences in visual control. Histogram analysis and the
results of the qualitative characteristics are obtained by MATLAB.
Table 1 presents the results of the qualitative characteristics of
embedded text files in English with a size of 170 to 240 kB and
cover digital image parrot.bmp is used.

Table 1. Qualitative characteristics of parrot.omp image in
embedding a different size of the secret message
Size MSE,, SNR PSNR | SSIM E
170B | 2,6809e™ | 79,4718 (86,2179 1 7.6200

300B | 4,471 | 77,2806 [84,0267 1 7.6200
600B | 9,081e®° | 74.2614 [81,0075 1 7.6200
10kB 0,0015 | 61,9987 [68,7448 1 7.6202
30kB | 0,00455 | 57,2162 [63,9623 1 7,6204

40kB | 0,00485 | 56,0551 [62,8012 1 7,6204

50kB 0,0076 | 55,0116 61,7577 | 0,998 | 7,6207
60kB 0,0089 | 54,2661 61,0122 | 0,998 | 7.6208
70kB 0,0125 | 52,7076 [59,7072 | 0,998 | 7.6209
80kB 0,0178 | 51,2512 |57,9974 | 0,998 | 7.6215

120kB | 0,0355
240kB | 0,0355

48,2430 [54,9891 | 0,997 | 7.6224
48,2429 54,9890 | 0,997 | 7.6224
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Fig. 3. Dependence of (a) SNR and PSNR and (b) MSEav. for
parrots.omp mage for values of 170 to 240 kB

The difference between the minimum and maximum value of
MSE is difficult to establish because the change is only in the
thousands. The average MSEav. was obtained as the average of the
minimum and maximum MSE and is visualized in the graph of
Figure 3(b).

With the increasing amount of embedded data, PSNR values
decrease and the values of MSE grow. At 10 kB embedded
information is observed value of PSNR, which [4] proposed as
excellent and their value is 43,6396 dB.

Table 2 presents the results for the tested qualitative
characteristics in the embedding of 60 kB information. When
embedding the information one, two or three last significant bits in
the three color components of individual pixels of the parrots.omp
image are used respectively. From the results presented in Table 2,
it can be concluded that the basic statistical characteristics of the
image are deteriorated by an increase in the number of the used
last significant bits of embedded information.

Table 2. Values of the studied statistical characteristics of the
parrot.bmp image with integrated 60 kB text in English with
increasing the number of the used last significant bits from 1 to 3
inclusive

Number of
last
significant
bits of
embedded
information
1 0,0089
2 0,0242
3 0,0620

MSE., | SNR PSNR SSIM E

54,2661
50,2316
45,9034

61,0122
56,9777
52,6495

0,998
0,998
0,998

7,6208
7,6208
7,6210

Table 2 corresponds with the graphic results in Figure 4.

RGB kaHanu B 1LSB H2LSB HSNR mPSNR
m3LSB
6101 56,97
0061 0,064 5‘212 822 50377 52,64
5 6 45,90 95
0,062 34
| 0024
. !
O’f’g 0,008 i
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min-_\".\_/
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average
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(@ (b)

Fig. 4. Dependency in (@) MSE and (b) SNR, PSNR in
embedding of 60 kB information in three color channels of the
parrots.omp image, using 1, 2 or 3 significant bits

Graphical visualization of the results is presented in Figure 5.
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Table 3. Embedding of 4 kB text in Bulgarian and English in

different images
Original | Type of
image text MSEH SNR PSNR SSIM E
Alps engl. |0,0014| 62,265 | 69,8157 1 [7.5557
Alps bg 0,0013 | 62,4801 | 70,0309 1 |7.5549
Paradise engl 0,0011 | 60,1414 | 69,8151 1 6.456
Paradise bg |0,00098| 60,1312 | 69,8050 1 |6.466
change engl 0.0012 | 64,1293 | 69,9402 1 |4.9676
change bg |0,0015 | 63,8985 | 69,7094 1  |4.9698
Marbles engl 0,0013 | 66,9616 | 72,1563 1 6.9900
marbles bg |0,0012 | 67,6274 | 72,8221 1 6.9874
Ice engl. |0,0012| 61,538 | 69,7777 1  [6.5832
ice bg 0,0013 | 61,5217 | 69,7613 1 6.5833
snow engl. |0,0012 | 63,5232 | 69,7424 1 [7.2032
snow bg 0,0011 | 63,5473 | 69,7664 1 [7.2032
tahaa engl 0,0013 | 64,3824 | 69,7678 1 [7.7233
Tahaa bg ]0,0011 | 64,4358 | 69,8212 1 [7.7232
:
(@) (b)

Fig. 5. Dependency in embedding of 4kB in the last
significant bit of information in Bulgarian and English with
indicators (a) MSEav and (b) SNR, PSNR parrost.omp image

Table 3 presents the results of the studied qualitative
characteristics in embedding of 4 kB information in English and
the same amount of information in Bulgarian at the same other
input parameters of the software system. Various images, whose
dimension is different, are used.

In Figure 6 can be seen histograms of original and stego-
image obtained by embedding of 10 kB information at base
settings of the steganography algorithm, i.e. successively
embedding in the three color components of pixels without using
protection by stego-key in a pepper.bmp cover image.

original image original histogram

R 0

3000

o

0.5 1

stego histogram

3000

o 0.5 1

Fig 6. Histogram of original and stego-image, which has 10 kB of
embedded information

Difference in the histograms is hardly observed. This result
can be attributed to the fact that the embedded message is not
particularly large.

5. Conclusion

The results from the research can be summarized in the
following conclusions about the characteristics of the studied
steganography algorithm:

- By increasing the size of the embedding data the
statistical characteristics of the images deteriorate,



although, the visual quality of the images processed with
steganography system remains excellent.

- Using more than one of the last significant bits in the
bytes representing each pixel increases the ability to
embed a larger amount of data.

- The used cryptographic algorithm ensures additional
security during transmission and recovery of the stego-
message.

- In embedding in the same image of equal length
messages in Cyrillic and Latin, the stego-images obtained
have approximately 0,033% difference in the values of
the parameters examined.

- This regularity is sometimes in favor of images
containing text in Bulgarian, as the percentage is almost
the same, i.e. less than 1%.

- The modification of the PSNR in embedding of the same
amount of information using one and three bits from the
last significant bits is about 15%.
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Abstract: The healthcare sector is in a period of rapid change, which requires continuous innovations. The epidemic of chronic
diseases, changing demographics and advances in medical technology, have a key contribution to escalating costs. All stakeholders expect
more value for their money. And patients are beginning to play a greater role in the management of their care. Driven by the economy,
health care and business models in accordance with personal values and prosperity are signaling a fundamental change in the way
healthcare organizations will compete and work in the coming years. Recent CEO survey, conducted by IBM, shows that only 34% of
CEOs of health institutions are focused on simplifying the management operations, aiming a greater efficiency. Similarly, only 55% of
payers for health care believe that their organizations are ready for the upcoming complexity. Yet there is a new environment in which they

must work.

The article is dedicated to author’s solution for cloud-based software in dental practice, and is made a comparison with other,
available on the web, systems. It is prepared a SWOT analysis, dedicated to the challenges and barriers for deployment of cloud solutions

in healthcare and in general.
.Keywords: HEALTHCARE, CLOUD, DENTAL PRACTCICE

1. Introduction

In healthcare, the pace of change increases, together
with the complexity of providing higher quality care for
considerably less payment per patient. Hospitals and doctors are
looking for strategies to increase business agility, while
demonstrating higher value for healthcare. To achieve this, it is
necessary a transformation from institutional-centered, low-data
system to a patient-oriented, information -rich health system.

Flexible and scalable approach to applications and
infrastructure can help healthcare organizations to support new
business approaches and continuous patient experience. [3,4,5]

2. Material and method

Cloud computing can play a critical role in containing
healthcare integration costs, optimizing resources and ushering in a
new era of innovations. Current trends aim towards accessing
information anytime, anywhere, which can be achieved when
moving healthcare information to the cloud. This new delivery
model can make healthcare more efficient and effective, and at a
lower cost to technology budgets (Horowitz, 2011), but also, it
brings certain obstacles due to concerns related with safeguarding
confidential patient information and compliance with key
regulations such as HIPAA. Despite these security and privacy
risks, healthcare organizations can certainly take advantage of cloud
computing solutions and bring tremendous benefits such as help to
improve patient quality of service and reduce overall healthcare
costs (Muir, 2011). One of the key benefits will be the ability to
exchange data between disparate systems. This capability is
something healthcare IT is desperately needs. For instance, cloud
computing can support healthcare organizations to share
information such as EHR, doctor’s references, prescriptions,
insurance information, test results stored across different
information systems. [2]

When offloading healthcare organizations the IT staff
required to maintain network availability, security updates, backups
and others can be free up to attend to more critical tasks in an
efficient and cost-effective manner (Muir, 2011). In addition, more
reliable and powerful infrastructures will be available pay-as-
you-go and it can be managed dynamically.[2]

Cloud computing has given opportunities for clinics,
hospitals, insurance companies, pharmacies, and other healthcare
companies to agree in collaborating between them and share
healthcare information to offer better quality of service and reduce
costs. Looking over the changes occurring in the market, it appears
that cloud-based systems will likely become the norm in healthcare
once all the challenges it brings are overcome.[2]
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Healthcare organization have been dealing with growing
amounts of electronic records and digital images, would seem a
good fit for cloud storage services. Among the reasons for this
sudden interest in cloud-based computing and communications are
the need for collaboration among the increasing number of remote
and mobile workers, several office locations, a desire to improve
patient quality of service and the ever present goals of improving
operational excellence while driving down technology equipment
and healthcare management costs (Whitemore, 2012). To help
healthcare organizations decide whether they ready to move to the
cloud there are a few important points to consider.[2]
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Table 1. SWOT analysis (cloud computing in healthcare)

3. Literature review

In the modern world, the traditional model of software
for management of the dental practice is shifting increasingly by
cloud-based solutions. Using traditional software in dental
practice, you need IT specialist to take care of maintenance of
computers and network. Furthermore, this type of software
systems, require constant improvements in software and hardware,
which takes time. Using cloud-based application eliminates the
constant need of improvements and saves time and money. One of
the leading benefits of the use of cloud applications in dental
practice is the safe and secure storage of data in the cloud. The
future of the dental industry is increasingly focused on the use of
cloud-based systems that terminate upgrades and backup, decrease
IT costs and provide easier access to the data. Cloud-based dental
applications optimize workflow, increase productivity and
communication structures. And all of this with the possibility of
remote access from any device with an Internet connection. With
cloud-based systems in the field of dentistry, renovation and
addition of functionalities happen automatically. [1,3]

Tablets are becoming a powerful business tool in many
areas. The field of dentistry could also benefit from the advantages



of using this type of device. Working with cloud-based
application, using tablet, gives access to information from
everywhere at any time. In addition, to simplifying the process,
the tablets can be used for direct communication with patients,
organizing daily program, etc. Integration of tablets in the dental
practice will facilitate the workflow and create a fully mobile
environment. Through cloud-based application on a tablet,
specialists have access to patient information remotely, even when
the are outside of the office. Moreover, they can view test results
and other data from anywhere, at any time. Inside the office,
dentists can use tablets to visualize and inform the patient about
any type of images, including X-rays. The tablet can also be used
for recording of information about the treatment plan in real time,
and to be used as an educational tool. [7]

Here we present cloud-based solutions in dental practice,
available on the web:

PracticeDent
PracticeDent is an innovative service, born out of the recent
advances in cloud technology and the ubiquity of internet access in
our society. It is meant to provide dental practices and
professionals with an improved way to manage all aspects of their
business, better suited for today’s digital reality. PracticeDent is a
completely cloud-based online service, accessible via any internet-
enabled computer, tablet or
smartphone. PracticeDent is
part of a comprehensive cloud-
based ecosystem (MediCloud)

S that brings closer all the
53] players in the dental sector —
dentists, suppliers, laboratories

and patients. MediCloud is an

an innovative startup with
more than two decades of joint
experience in IT and cloud
technology, determined to
i TS pring healthcare  management
on par with the current level of
technological progress, and
even prepare it for future

.,'...',..}....i

improvements.[7]

Fig.1 Patient profile (www.practicedent.com)

DENTSIO
DENTSIO is a cloud-based iPad app for dental practice.
The app has the following features:

» oral examination — start with a general examination of
the patient; easily select from lists of most common
pathologies;

» dental chart — navigate through option and see a
complete state of patients’ teeth; [9]

» periodontal chart — detect and evaluate pathologies to
determinate a treatment plan;

Fig. 2 Dental chart (www.dentsio.com)
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Umbie DentalCare
Umbie DentalCare is a cloud-based dental practice

management software. It optimizes office workflow, increases
productivity, and structures communication, serving single or
multiple offices - without servers, free upgrades, and using any
device with web access. Builds authentic patient relationships, by
adapting to the values, demands and habits of ever evolving
generations - patients likely to be anywhere, at any time, and using
any device. The software has the following features:

» Clinical charting - Convenient and accurate treatment
documentation

» Imaging with ease - Intraoral camera'’s and X-Ray
viewing and capturing

» E-Prescribing - Send prescriptions right to the pharmacy

» Chairside Treatment Planning

» Human Resource Solutions - Track payroll, time-off,
benefits, and performance

» Scheduling Simplified - Actively fill empty slots

» Online Payments - Patients can pay online, with a credit
card, anytime

» Customized Reminders - Allow patients to choose;
phone, text, or email [10]

Fig. 3 Patient profile — X-Ray (www.umbiedentalcare.com)

DENTRIX ASCEND
Dentrix Ascend is a brand new practice management software,
designed to work on the web. It is created by the same company
that developed the original Dentrix—the most popular practice
management system in North America

Fig. 4 Patient profile — dental chart

Dentrix Ascend uses new technology to erase old
limitations. With its innovative cloud-based architecture, Dentrix
Ascend gives new flexibility and freedom to:

» More flexibility — access your practice from any computer
with an Internet connection; move beyond traditional PCs;
Solve the multioffice dilemma;

» Smarter workflow — boost efficiency with a smart, simple
workflow-based user experience; find patient information
faster with one click access; streamline your business
operations; focus on patients instead of technology; get a
comprehensive solution for one low price; enjoy the freedom
and convenience of pay — as - you — go;


http://www.practicedent.com/
http://www.dentsio.com/
http://www.umbiedentalcare.com/

» Continuous improvement — close collaboration; rigorous pre-
release testing; active ongoing notifications and training;
[11](www.dentrixascend.com)

4. Results

After detailed analysis, literature reviews and practical
experiments with demo version of foreign developments, we
decided to invest in Bulgarian solution, which fully satisfies both
the requirements according to the regulations and legislation in
Bulgaria and on the basis of consultations with a number of
specialists in the field

DENS CLOUD is entirely online, cloud-based
application for managing dental practice seeking to streamline
processes in management and greater accessibility. The service is
accessible via any internet-enabled devices - PC, laptop, tablet,
smartphone. Within DENS CLOUD, dentists have all the tools they
need for seamless management practice - multifunctional calendar,
files of patients, drafting a plan for treatment, the possibility of
reference and
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images and

pictures of g

imaging in
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galleries.
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designed with
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efficient  for |
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Fig.5. Form for the teeth status and treatment plan of
the patient (DENS CLOUD - authors’ solution)

.
SYSTEMPARAMETER | i | Plctice | ppnsio Deatal Dentrix
Care
Login with username and 3 3 3 3 2
password
Color signal 3 2 2 2 2
Schedule 3 3 0 2 3
Patient profile 3 3 3 3 3
EHE 3 3 2 2 3
Dental chart 3 3 3 3 3
Periodontal chart 3 3 3 3 3
Teeth status 3 2 3 3 3
Document manager 2 2 2 2 2
Imaging and X-ray 3 2 3 3 k}
Treatment plan 2 2 2 2 2
User Interface 3 2 3 2 2
Adaptability of the application 3 3 3 3 3
:t::;t;ﬁom different mobile 3 3 3 3 3
Edit options 3 1 2 1 1
Total: 47 40 39 39 41

Legend: 0 - missing; 1- existing: 2 - good arganization; 3 - excellent orgamization

Table 2. Comparative analysis of cloud-based dental
applications

The selected 15 parameters and assessment scale, prove
the benefits of the author’s solution. Analysis and evaluation of the
results of the comparative analysis with other software, confirm the
quality of the cloud-based application. The maximum result of the
15 parameters analysis is 47. The minimum result is 39. All of the
presented available in the web applications, including the authors
model, have login with username and password. Except DENTSIO,
the other 4 software solutions have excellent organized schedules
and good organization about patient data. The cloud-based systems
are available from different mobile devices — tablets, smartphones,
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laptops, etc. All of the solutions are adaptive and have user-friendly
interfaces.

5.Conclusion

Through the implementation of a cloud model, all IT
processes will be migrated to a remote cloud infrastructure, where
all processes will be stored and carried out. The new " pay as you
go " model allows healthcare organizations to pay only for what
they use. Therefore there is no reason for acquisition of expensive
hardware infrastructure, software licenses or maintenance
personnel, security, applications, because providers of cloud
services take care of all that.

Human life is priceless, and medical resources are
limited (Wang, 2010), because the cloud-based health services,
combine cost-effective concept, where patients and healthcare
organizations benefit from this new technology by improving the
quality of services to patients through highly integrated platform
(Wang, 2010), coordination of the medical process and reduce IT
infrastructure costs for investment or maintenance, which leads to
better health. [1]
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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.

Keywords: ISAR, ISOMETRIC PROJECTION, IMAGE RECONSTRUCTION

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
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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.



v
—

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,
R =+/R2_H?2Iis the distance to the middle of the trajectory

proj

projection on Oxy, H is the altitude of the target, 4 is the azimuth

angle of the target in Oxyz in (ij moment, & is the elevation
2

angle of the target in (Np) moment, ¥ is the bank angle of the
2

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 ¢ is the Ox - direction angle of velocity vector V, 9
- Oz - elevation angle of velocity vector V, o is the Oy - bank
angle of the velocity vector V, point O'(O) is the location of the

:Np), which
2

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:

coordinate system O'xyz at the moment (p

Vx =V.c0s 4.cos ¢,
@) Vy =V.cos 4.sin ¢;
Vz=V.sing;

The initial trajectory parameters of the target flight are:

x—&.T.V,
o . 2
y0=R;
z,=H,;

The transformation between the target and ISAR separate
coordinate systems are determined by the transformation matrix
coefficients:

X XO Vx a’ll a12 alS X
G lyl=|Y, +T,p|V, [+] 8, 8, a, || Y
z Z, VZ Ay 83, Agg z

where X,, Y,, Zyare the coordinates of the mass center of the
object in the moment p =1. The components of the transformation
matrix are presumed to be:
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a,, =C0S@Cos p —sin g cosasin p;
a,, =—Cos@sing—singcosdcos p;
a,; =singsing;

a,, =Sin @ Cos p + cospcosdsin p;
a,, =—Ssin@sin p +cos@cosdcos p;
a,, =—Cos@sing;

ay =sin@dcosp;

a, =sin@sin p;

az; =C0s6.

(4)

The ISAR signal is a sum of p:;]_,Np LFM impulses:

s(t) = A exp[j(a)t + btz)],where AS is the ISAR signal’s
amplitude. The sensitivity as a function of distance is determined by
c

R=——
2(2AF)
Each (m, n, h) point scatterer reflects the ISAR signal as

®) é\mnh = Amnh exp[j (w(t - z-mnh) + b(t ~ Tnnh )2 )]

where c is the electromagnetic waves speed.

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:
Tmin St< 7« + T . The complex trajectory signal is formed in
discrete function as t =7, + KAT + IAT where

k=LN,, I=LL(p).
Matrix of the complex trajectory signal is:
Amnh reCt[t = Tonnn (p)]

{ . [w(rmin (p) + EAT ~ Trnh (p))+ :|} ’
.expy j B )
(e (p) + KAT = 7, (D))

where k =1,N, + L(p); P=LN,-

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 S(k, p) by

the ISAR signal:

@ Sk, p) = S(K, p)exp|- j (et +bt? )|, where:

t=kAT;k=LN;k=1,(N +L); p=LN,

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

The frequencies f_ forthe p™™ impulse are in dependence to

mnh
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:

2AF

. where
Nk (Tmnh(p) z-m|n(p))i Nk

2AF

(8) f = is constant.

© £(p) = ()

Ton (D) 18 the reflected signal by the scatterer (m, n, h).

After implementation of discrete Fourier transform to the sum of
harmonic signals S(k) a result in the frequency area is produced.

By this procedure a range compression of the trajectory signal is



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:
where k =LN,_, p=LN .

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 §(k, p)

matrix:

- Np . N
Sl i (i —2z(i-1)(p-1)
(1) S(k,i) = iEle(k,l)exp z N, ;

—j2r(i-1)(k 1)
Nk

Nk
10 S@,p)=Y S p)exp{

The isometric projection of each S:(k, p) 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:

V =600[m/s]. & =arccos (Rg"j), H =5000[m], R =50000

[m] , /3:%, y=0,, f=10" [Hz] is the carrier frequency,

T =10"° [s] is the time duration of every impulse in sequence.

The process of trajectory evaluation is shown on figure 4.
a0

50000

150

210N

270
Fig. 4. Process of target trajectory simulation.

During the first experiment a 2D target model is used. The real
and imaginary components of the S(k, p) matrix of received echo
signal are shown on figure 5a, 5b. The real and imaginary
components of matrix S'(k, p) 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).
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real{Skp)

real(Sdemod) imag(Sdemod)

abs(S FFT1) . abs(SFFT2)

S final

20 40 B0 60
p
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Fig. 5. Image reconstruction process of 2D target model.

100 120

During the second experiment a 3D target model is used. The
real and imaginary components of the S(k, p) 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 S(k, p) of demodulated values are

displayed on figure 6c, 6d.



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).

real(Skp)

imag({Skp)

real(Sdemod)

abs(S FFT1) . abs(SFFT2)

20 40 BO 80

p

©) (h)

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

100 120
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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.

S final
120

100
g0
B0
40

20

20

40 B0
P
Fig. 7. The image retrieved by observation and analysis

of a target with 3D geometry.

g0 100 120

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.
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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.

Keywords: INTERFERENCE CANCELLATION, ZERO FORCING, MMSE, DECISION FEEDBACK FILTERING, BER

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.
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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.

e —pm A

| : L

x|n

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®[n] with interference through the channel with L
multiple delays (A). 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® and for the signal y® we have the
mathematical model as follows:

L

IR
=0

hfa).x[n — 1]+ w@[n]

@

Multiple paths interfere with the adjacent symbols and cause
fading. More signal paths with time delay A=L cause more
interference. In (1) w®[n] represents the added White Gaussian
noise with power spectral density 6=N,/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.



Fig. 3 - Block decision feedback equalization.

Here, in Fig. 3, H® to A% 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© to
y@D appear as interference-corrupted signals. And F® to F&D
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 § is mathematically
represented as [6]:

A-1
§=ZF(“) y@ —B.§=
A-1 a=0 A-1
= (Z F(“).H(“)> S—B.§+ z F@ @
a=0 a=0

@

Figure 4 presents a serial decision feedback equalizer consisting
of a serial feedforward filters f®[n;] for the a™ output and a serial
feedback filter b[n;v], in order to find an estimate of X[n—d].

w!% ]

Xx{n

x(n=d]

: (t)f—= +
A

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.
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Fig. 5 - Noise corrupted signal enhancement.
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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:

FEVY, 300 kHz = 5WT:
VEW. 1 MH:

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.
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Fig. 7 — Filter tap coefficients.



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 (f,x=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.
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Fig. 9 — Bit Error Rate for M=1 and P=1.
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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.
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Fig. 11 - Bit Error Rate for M=1 and P=1.
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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.

KEYWORDS: CORRELATION METRICS, IMAGE ACQUISITION, IMAGE ESTIMATION, VIDEO PROCESSING

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.
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Fig 1. Objective metrics vs. subjective evaluations



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:

Oppr= 1/ (1+ 27 (1)

Where:

O - outcome results of objective rating;

Ogr. - Objective data brought down to subjective results;

g, d - parameters for setting of the approximating
function;

The params g and o are taken in a way that they minimize the

sum of the root mean square error between subjective results and

Oapr.
g, d: Y (Oapr. - S)z — 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".
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Fig 2. Evaluation ratings ratio.

Dependence on the subjective evaluation of objective metrics from actually subjective assessment:

() Dependence on PSNE. from MOS; (b) dependence on BM from MOS; (c) dependence on VOM from MOS;

(d) dependence on $3M from MOS

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.

As 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.



Table 1.

Values of correlation and the mean square error for

various objective metrics.

Metrics | Correlation | & = (O-S) G = (0-5)°
PSNR | 0,814 -1,03 46,41
BM -0,447 -75,42 4211
VQM | -0,719 -120,8 735,27
SSM | 0,921 -2,66 27,29

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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Abstract: Surface activity of water solutions, surfactants, has been calculated on the base of concentration dependence of surface
tension. Compounds for deactivation, based on synthetic detergents in different concentration scales have been offered.
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1. Introduction

The deactivating solutions, applicable to eliminate radioactive
contamination are mainly required to have enough wettability for
the processed surfaces. Surface activity is quantitative and
qualitative criterion of deactivation solutions wettability and it is
also a temperature dependent quantity. It has been defined by Gibbs
absorption isotherm.

C (0o
? %),

where: o is surface adsorption concentration, mol/g; C-
concentration of solution, mol/l; R— universal gas constant, J/mol.K,

R=8,3J/mol.K; A- surface of processed area, m% g :[Z—gj -

surface/ capillary/ activity.

The quantity (g—gJ can have different signs. For surfactants

[Z—gj it is minus sign, hence for surfactants « >0 the adsorption

on the surface of the solution is positive.

Water solutions of surfactants are used for conducting
deactivation. In the Bulgarian Army the composition DV-2 is in
use, it contains alkylphenolpolyglycol ethers, sodium
threepolyphosphate and sodium sulphate.

The objective of this research is to be carried out comparative
analysis on the wettability of two kinds of solutions: on the one
hand - water solutions, containing DV-2, and on the other hand
water solutions on synthetic detergents, which can be used for
deactivation in different temperature and concentration interval.

2. Measurement Methodology and Research
Object

Objects of the research are water solutions DV-2, water
solutions of SHTAMEX, or powder-like synthetic detergents on the
base of sodium salt of alkyl derivatives of benzene sulphoacid
(containing 10-16 carbon atoms).The names — synthetic detergents
SD 7" ™ and SD ,B” ! are introduced figuratively. Their
components are given in Tablel.Shtamex is a composition which is
applicable in extinguishing fires by Fire Security and population
protection.

Table 1: Synthetic detergents components.
Ingredients of SD “B”

Ingredients of SD “T”

- 5+15% sodium salt of alkyl
derivatives of benzene
sulphoacid (containing C 19-15)
- 10+20% sodium carbonate

- 1+ 5% CgHgO;/CH,COOH-
C(OH)COOH-CH,COOH

5+ 15% sodium silicate

- 5+15% sodium saltof alkyl
derivatives of benzene
sulphoacid (containing C 10-13);
- 5+15% sodium carbonate;

- <5% polyacrylic acid;

- 5+15% sodium silicate.
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The research has been conducted in a concentration range from
0,1% to 0,35%. To calculate the surface activity it is necessary to be
aware of the correlation o= f(C), which can be received

experimentally.

Defining surface tension is completed through the method of
maximum pressure while blowing a bubble from the capillary. %!,
The correlation between surface activity and temperature is fixed
indirectly using the data of surface tension dependence on
temperature. Heating the samples of experimental solutions is
realized indirectly with heated in thermostat water, used as heat
carrier. 2

The amounts of studied objects’ surface activity are defined
with graphic differentiation of o= f(C) correlation, applying

computer platform®. Figure 2 is a chart of example
correlation o = f (C), showing:
oo
2 tgp=—=g,
O] 9p=—-=9

where: g - surface activity; oo -infinitely small change in
surface tension, oc - infinitely small change in concentration.

o

[0
L

C

Fig. 1 Graphic chart o= f(c) for defining surface activity of
solutions.

3. Results and discussion

Fig. 2 illustrates correlations o = f (c) for DV-2, SD ,,T”, SD
.B” and "SHTAMEX" at temperature of 20°C.Statistically
processed data of correlations o = f(c) ® respectively for DV-2,
sb ,,T¢ SD,,B“ and ,,SHTAMEX" at (3), (4), (5) and (6) are given
with regression equations:

o =0,073-0,072.C + 0,539.C2 - 2,842.C3 + 3,849.C4

®)
2 3 4
(4) o0=0,073-0,215.C +1,061.C -3,389.C +4,153.C
2 3 4
(5) o =0,072-0,449.C +3,457.C -12,776.C +16,849.C
2 3
(6) o =0,072-0,027.C -0,010.C -0,001.C

where: o - surface tension, N/m; C - concentration, %.
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Fig. 2 Dependence of surface tension on detergent concentration in
deactivating solutions.

The results, received after graphic differentiation of
dependences Fig.2, give the amounts of surface activity, shown in
Table2.

Table 2. Surface activity of detergent solutions

detergent
DV-2 SD,,T« sb,,B*
t, °C
10°C -81,0171 -64,8325 -50,494
20°C -82,5559 -64,8457 -56,38
30°C -82,6505 -65,8962 -60,4664
40°C -83,8558 -66,8449 -66,6501

Experiments have been conducted in temperature interval from
10°C to 40°C, which is the most suitable for eliminating
consequences caused by radioactive contamination. Figure 3 shows
the correlation between surface activity and the temperature of
synthetic detergents SD”T”, SD”B’ compared to DV-2.

asDT"
msD"B"
Dv-2

=g, Nlmmol

Fig. 3 Dependence of surface activity on temperature of different
synthetic detergent solutions.

It is clear from table 2 and fig.3, that the surface activity is
lower than that of DV-2, which means that their concentration in
deactivating solutions is to be increased in relation to that of DV-2
When temperature is 40°C it does not influence the detergents
significantly.

It is obvious from the histogram fig.3, that surface activity of
DV-2 has the highest absolute value in comparison to synthetic
detergents, object of the research. SD ,,T” is adsorbed on the surface
18,9% less than DV-2 at 20°C surface activity of SD ,,B” is 45 %
lower than that of DV-2.

4. Conclusion:
1. With the usage of graphic differentiation of correlation
between concentration and surface tension and the help of

applied software product numerical values of deactivating
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solutions surface activity have been received which also
serve as a base for quantitative and qualitative evaluation
of their wettability.

It has been determined that water solutions of detergents
based on sodium salt of alkyl derivatives (with 10-16
carbon atoms) of benzene sulphoacid with concentration
0,2 % + 0,35 %. Are applicable for deactivation.

The above stated empiric correlations of surface tension
and concentration can be applied after statistic processing
of experimental results.
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N3BJINYAHE HA THOOPMAIIUA OT PAIUO CEHKH HA GPS CUT'HAJIN
EXTRACTING OF INFORMATION FROM THE RADIO SHADOW OF GPS SIGNALS
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Pesztome: Paouo canxkama e d)lﬁu‘lé‘CKO seJleHUe KOSmo Modice 0d ce U3NO0N364 3d U3GIUYAHEe HA NOJe3HAmd umj)opMauu;l 3a
obexmume Koumo s nopaxcoam. Pesynmamume ¢ cmamusma noxazeam, ue om GPS paoduo cenxume na paziuunu obexmu mooice da 6w0e
uszenedeHa qubopmauu;l OMHOCHO napamempume Ha obexma (pasmep, CKopocm U Hanpaejlienue Ha 06“9{667-!“6, bucmanuuﬂ 00 npuemMHuKka u
op). Horyuenama ungpopmayusi modice 0a ce uU3NON36a 3a paduo Oapuepu, oxXpaua, KiLAcu@urayus u UOeHMUGUKAYUS HA NOOBUICHU U
HEnooBUINCHU 0beKxmu.

KIIIOYOBH /IYMH: GPS, PA/THO CAHKA, OTKPUBAHE U OIJEHABAHE HA CUT'HAJIU.

Abstract: Radio shadow is essential physical phenomenon, which can be used to extract some useful information about the objects that
generate it. The results presented in this article show that from GPS radio shadows of different objects can be extracted information about
the parameters of the object (size, speed and direction of movement, distance to the receiver). The information obtained can be used in
various applications like those in classic radar, including radio barriers, security, classification and identification of moving and stationary
objects.

KEYWORDS: GPS, RADIO SHADOW, SIGNAL DETECTION AND ESTIMATION

BbBenenue. KOETO TS TPOMEHS NPAaBOJIMHEHHOTO CH pPAa3NpOCTpAaHEHHE B
PerucTpupaHeTro M OLCHSBAHETO MapaMeTpuTe Ha Pajyo MIPOCTPAHCTBOTO. PallOHBT 3a1 NPEMATCTBHETO, B KOWTO HE CTUIa
CSIHKaTa OT MOABIMIKEH MJIM HETO/BIDKEH 00EKT HOCH HH(pOpMAaIus, BBIIHATA, CE HApU4a CsHKA. PasMephT Ha CAHKAaTa 3aBHCH OT
KOATO MOJKE J]a CE M3II0JI3Ba 3a OMpeJIeNisTHe Ha pa3Mepa, CKOPOCTTa, pa3Mepa Ha NPEITCTBHCTO U AB/DKHHATA HA BRIHATA HA CHIHAJA.
MOCOKAaTa Ha JIBUKCHHE Ha 00eKTa U Jp. Pano CEHKUTE ca HOCHTEN Cnopen npunuuma  Babinet, audpakumonnara kapruHa Ha
Ha ueHHa MH(pOPMALWs, KOSTO MOXe Ja Oble H3MON3BaHa 3a  HENPO3PAuCH OOCKT € MACHTHYHA C XM(pPAKLMOHHATA KApTHHA HA
BTOPHYHO NPHIIOXKEHHe HA Oe3xuaHuTe TexHomoruu (SAWT), xaro OTBOp C eaHa M Chblia (opmMa W pasMep, HO C PELMIpPOYHA
OMCTATHYHY NTaCHBHH IIEJEHrallMOHHN CHCTEMH 0a3MpaHy Ha paJiiio uHTeH3MBHOCT [1, 2]. B Gucraruunnute pagapy et ot daktopure,
KOMYHHUKALMOHHY WIH Ha PO HABUTALMOHHHTE CHCTEMM. KOUTO BJIMSAT Ha €JIEKTPOMArHWTHAaTa HANPETrHATOCT HA IMOJETO U
U360pbT Ha GPS karo cucrema 3a M3TOYHHUK HA CUTHAT © MOJic/la Ha NPUEMHNKE, © BrBIBT, 00pasyBaH MEXIy Npeiasartel,
MPOIUKTYBAaH OT HEMPEeKbCHATOTO Haiamuue Ha GPS cmpTHHULM Ha uen n npuemHuk. Tosnm Brea ce Hapuda OucTaTHYeH Broi, f.
PasIMUHA MO3MUMH CHPAMO NPHEMHMKA M HAMHuME Ha eBTHHM,  KOTaro GHCTATMMHHAT Brbi e paBeH wim Gmusbk 0 180° (B =~
KOHBEHIIUOHAJIHU GPS TIPUEMHMUIIN. 3a nojiyyaBaHe Ha paauo 1800), paaapHaTta cucrtema € C IpsKo pa3ce1‘»iBaHe Ha CUrHajia, KaKTo
CsIHKa M W3MEpBaHE Ha MapaMeTPHUTE i ce M3ION3BaT IPUHIHUIINTE € Mmoka3aHo Ha ¢urypa 1. Hanmuuuero Ha IpenaTcTBuMe B 30HATa Ha
Ha TPSIKO PA3NpOCTPaHECHNE Ha CUTHAIHTE. pa3npoCTpaHEeHHE Ha PAJAMOBBIHATA B TO3M Cllyyall, YACTHYHO LIC
OCHOBHOTO  SIBI€HME, M3MON3BAHO B  HACTOAIIETO OJ0KHMpa pa3lpOCTPAaHEHHETO Ha BBJIHATA HA CHIHAla OT

uscnensane, ¢ qudpakiusta Ha GPS curnana [1], koeto ce mosiBsisa npenaparens (paguo CAHKA Ha LENTa).
KOTaTro BbJHA CPELIHE MPEMATCTBHE HA IBTSA CH, B PE3yJTaT Ha

GPS Shadow
GPS Receiver

GPS Transmitter Targets

Road

GPS Shadow

@uz. 1: GPS paouo cucmema

ExcnepumenTtannu pesyaratu: Ilo BpeMe Ha eKClepHMEHTHTE € M3IOJI3BaHa KoMepcuaiHa He HacodyeHa GPS antena, GPS
HNPHEMHHK U BU/ICO KamMepa MoKa3aHu Ha (urypa 2.

L

Due. 2 EKcnepuMHmcmna anapamypa 3a pecucmpayus Ha GPS cenkume
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GPS anTeHara e 3aKkperneHa HEloABIKHO Ha | MeThp Haj
3eMATa U c€ HAMHUpPa Ha Kpas Ha YJIMYHO IUIATHO. 3aeJJHO C aHTeHATa
€ M3MOJI3BaHA W BHIEO Kamepa 3a 3aCHEMaHEe Ha EKCIIEPHMEHTA.
TInaTHOTO ce ChCTOM OT YETHUPH JICHTH, 110 JBE BB BCsKa mocoka (3
MeTpa BCsKa JIEHTA), M ABIDKEIN Ce IPEBO3HU CPEACTBA B IBETE
nocoku. [To Bpeme Ha eKCIeprMeHTa ca BHIVMH YETHPU CaTEIUTH,
€IMH OT KOUTO C HOMep 13 oTroBapst Hali-MHOTO Ha yCJIOBHSTA Ha
HPSIKO Pa3NpOCTPaHEHUE Ha CHrHaja. TO3M CI'BTHUK € HUCKO Haj
XOPHU30HTA U OUCTATHYHUAT BI'bJI € 61130 10 180 rpamyca (¢ur. 3).
CurHana OT TO3M CHBTHHK € HM3NON3BaH 3a OTKpuBaHe Ha GPS
pamuo cenkure. CurHama oT carenruT 13 e uMHTErpupan

180

Duz. 3 Buoumu camenumu

3aknrwuenue:

GPS panyo csiHKaTa MOXe Ja NpeaocTaBd WH(OpMarys
3a mapaMeTpuTe Ha o00ekTa (pasMmep, CKOpPOCT M IIOCOKAa Ha
JBIDKEHHE, PAa3CTOsIHUE 10 NpHeMHuKa). [lomydenara nHpopmarms
MOXE€ Ja Ce H3MO0N3Ba B PA3IMYHU NPWIOXKEHHS KaTro Te3U B
KJIACHYECKHUTE PaJapH, BKIIOUHTEIIHO Pajuo Oapuepu, CUTYpHOCT,
Kknacudukanys ¥ MASHTHOUKALKSA Ha ABWKEIIM Ce ¥ HEHOJBIKHU
00EKTH.

BaaronapHoct: M3cnenBaHeTo € NpOBENCHO C MOJKpeHaTra Ha
npoext JOHU-T 02/3/2014.

20l0g10(Ip) in dB
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MOCPEACTBOM ocpeaHsBaml Gpuirsp ¢ mpoappkutennoct 200 ms
(¢ur. 4). Ot ¢ur. 4 ce BKIAT PaAUO CEHKUTE Ha KOJH, OyCOBE,
aBTOOYC M memexoyen. BuabT Ha Te3u CEHKHM MOJKE Ja Ce M3M0JI3Ba
3a wracupukanus Ha nenure. [llupouynHara Ha paguo csHKara e
NpOIOpIMOHANTHA Ha JB/DKMHATa Ha aBTOMOOWIA M Herosara
CKOPOCT Ha JBIKEHHE. AMIUTHTYyJaTa Ha WHTETPUPAHUS CHTHAI €
HPOIIOPIMOHANIHA HAa Pa3CTOSHHETO N0 TpHeMHHKa. Koikoro mo-
MaJIKO € TOBAa Pa3CTOSIHHE, TOJKOBA IMO-TOJISIMA € aMIUIMTyJara Ha
CsiHKara ¥ 00paTHO. MOIIHOCTTa Ha CUTHAJIA BB BCAKO CIIE/BAILO
IUIATHO Cce pa3iruasa ¢ okouo 2 dB.

Integration time=200 ms Satellite - 13
120
< DIRECTION
115
CAR ciR ;\R CAR VAN
120 l N NM VV\\VMN \'\/\\ v,,_
105 A '
A
100 / / L n ¥
VAN BUS CAR VAN
PEDESTRIAN
DIRECTIOI ’

95
0 5 10 15

Time [s]

20 25 30

Que. 4 Humeepupan cuenan om camenum 13

H3nonzeana numepamypa
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OPTICAL GUIDE FOR BLIND PEOPLE
OIITUYEH ITBPTEBOJUTEJI 3A HE3PAILU
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Abstract: The article presents principles, methods and circuits to measure surface topography based on
distance measurement. It is realized electronic optical system, registering roughness in the road on the
blind people and sound signaling incase of dangers. It is used available electronic components. The
development is able to be adapted to an existing system designed for people with special needs.

Keywords: ELECTRONIC OPTICAL SYSTEM, BLIND PEOPLE, IR LED, UNSEEING, SECURITY SYSTEM

1. Researched problem

The first Institute of blind people in Europe is found in 1774 in
Paris from Valentine Xatou. During eighteen century go to the path
of recognition and equality. The white cane is used as an instrument
of mobility for people with disabilities in sight just after WWI. As a
result of the fast development of science and technologies,
particularly electronics, are developed devices for easing people’s
lives in wide range of areas. Electrical devices for blind people are
oriented to adjustment of text reading for their specific needs. There
are possibilities for reading of text, electronic voting, electronic
signature, writing text. There are created sensors systems, which
necessitate using helmets, earphones or other external accessories
that are inconvenient for users. Some of the are large, heavy,
impractical and others are usable only with other tools as tactile
band, colour lines and other mounted on public places. All these
make the equipment more expensive and complex for fabrication.

Independent moving of blind people in urban areas is still a
problem. Sensor auxiliary devices which are nom market are not
mass produced, because they are too expensive for the average
citizen of our country. Until his moment there is not presented a
device in Bulgaria which alerts blind people for holes in the
pavement. With the white cane these people successfully find
roughness which may lead to stumbling and in case of hole deeper
than 4cm - falling and hurting. There emerges a necessity of
methods and devices that alert if risk of falling.

The main objective of this work if to formulate algorithm that
meets the requirements for well-timed signalization in case of
roughness on the pavement, to illustrate the main functional blocks
of the device in a block diagram and to develop a model of the
optical guide which helps blind people to walk safely in urban
areas.

Requirements to the device:

1. To be compact and light;

2. To be low price that more people to be able to afford it;

3. To be user friendly;

4. To give in-time signalization for roughness on the road so
the user to have enough time to react properly;

5. Do not require usage of auxiliary devices placed on public

places.

When all requirements are met, the likelihood of finding
investor for the production of optical guide is much greater. Every
investment is based over the plan of a good result. Every business
organization’s building and management is run with the thought of
its prosperity. The aspirations are generally orientated to usher in
new and innovation actions, enter into new markets, cope with
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competitors. At this time in Bulgaria is not known analogue of the
presented appliance.

2. llustrated material

The device is activated with little electrical switch in the grip of
the white cane. There is installed the circuit of the optical guide.

On fig.1 is presented the algorithm of optical guide for blind
people.

START

Input parameters
d,L

(d+4 sm)<L= (d-2 sm)

No

Sound alarm

END

Fig.1 Algorithm of optical guide for blind people

Work of the algorithm:
Block 1 — turning on the power;
Block 2 — defining the input parameters L and d.

d is the distance from the sensor to the surface of the pavement.
It is defined in advance depending on where in the cane in mounted
the device.

d = const.

L is the measured distance in during usage. L changes
depending on the roughness ahead of the user;



Block 3 — defines the condition in which the sound alarm
activates.

If measured distance L is less than (d-2 cm), there is a high
enough roughness that could stumble the user.

If the measured distance L is more than (d+4 cm), there is a low
enough roughness that could cause falling of the user.

In case of these conditions the sound alarm will activate and
will warn the user for the risk;

Block 4 — Sound alarm (buzzer, small speaker or other) will
activate if conditions in Block 3;

Block 5 — turning off the power.
Based on the algorithm on fig. 1 is created block diagram on
fig.2 of the optical device.

Voltage

Storage
—
regulator

battery

Pulse generator

|

LED

£ Object
Photorecerver .__
l |
Amp Reference
{ voltage unit
L
Comparator
Transistor Ind
switch pgicalol

I

Fig.2 Flowchart of the “Optical guide for blind people*

The optical guide of blind people consists of power supply,
transmitting and receiving blocks. The power supply is made with
accumulator and voltage regulator. Transmitting block is made with
pulse generator and IR light source — IR led. The IR beam reaches
the surface is reflected and the reflected IR beam is received by the

receiver. The receiver is made with photo detector (IR photodiode
that reacts on the reflected beam), amplifier of the received signal,
reference voltage and comparator that compares both voltages,
transistor switch, indication and alarm.

After receiving light impulses by the photodiode they go to the
input of IC LM 358. it combines both the amplifier and the
comparator in common case. Reference voltage is given by
potentiometer RV1 (fig.3). It depends on the distance between the
sensor and the surface (d the algorithm on fig.1). The transistor
switch is made with PNP transistor BC 558 (fig.3).

The alarm is not shown on the circuit.

Based on the block diagram on fig.2, is shown circuit of the
device on fig.3.

The pulse generator is realized with Timer 555, and the optical
transmitter is IR LED. For receiver is chosen IR photodiode. The
transmitter and the receiver are mounted next to each other with
oprical insolation between.

The pulse (high output level of terminal 3) of the timer 555 is:

t| = 0.7(R3+R1)Cz 1)
t, = 0.7(10.10°+1.10%100.10°
ty =770 ps

The pause between pulses (low output level of terminal 3) is:
tr = 0.7 R1C2 (2)
t» = 1.10°.100.10°°
tp = 70|.LS
The period of the pulses:
T=t+Tp A3)
T = 840us

The maximum pulse frequency is:

f=1T ()
f = 1kHz
Duty cycle is:
K|:= t|/T (5)
Kr=0.92
U3
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Fig.3 Circuit to Optical guide for blind people
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3. Conclusion

The article presents principle, method and circuit to measure
surface topography based on distance measurement. It is realized
electronic optical system, registering roughness in the road on the
blind people and sound signaling incase of dangers. It is used
available electronic components. The development is able to be
adapted to an existing system designed for people with special
needs.

Developed circuit has the following advantages:

>  low cost;

» ease of use and maintenance by the user (the blind
person);

»  easy installation to another existing system, designed for
blind people;

»  low power consumption

»  continuous operation with one battery;

» sound signaling is individual and does not bring

unnecessary confusion to people nearby.

In the purpose of regulating pulse sequence in the optical
transmitter, the resistor R; may be replaced with a potentiometer.

For improvement the device it is needed to be made on PCB
with SMD elements. Reducing the volume of the device, it is able to
be worn on the neck as a medallion.

For improving the reliability it is needed to improve the
temperature stability of the device and to decrease the influence
from surrounding external light.
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Proposed devise is actual and is connected with existing needs
of specific group of the society and could be of interest for investors
to finance production of the device and project that help blind
people.

The developed idea in the article is part of the science project
HIX 330/2014 of the University “Prof. Assen Zlatarov" - Burgas.
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