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DEFINING FAULT LOCATION ON OVERHEAD LINES  

ON THE BASE OF EMERGENCY SIGNALS RECORDER DATA 

Abramochkina L.V. 

Supervisor: Khrushchevv Y.V.,  PhD, professor 

National Research Tomsk Polytechnic University 634050, Tomsk, Lenin Avenue, 30 

E-mail: abr_lv@mail.ru 

The necessity of Defining Fault Location (DFL) 
on overhead lines appeared in XIX ī XX-th 
centuries ï at the beginning of Electric Power 
Networks (EPN) intensive development in all 
European countries and the USA. One of the first 
mentions of such procedure necessity is given in 
[1]. There is also given the analysis of expected 
results. DFL began developing practically in post-
war years. 
The theory and technique of DFL [2 ī 4] have 

been developed but the number of technique and 
methodological issues still takes place and 
requires deep analysis. One of the most important 
issues is the increasing of DFL accuracy at using 
the method of DFL based on emergency mode 
parameters. 

Nowadays the Emergency Signals Recorder 
(ESR) are widely used at EPN. This equipment 
allows to measure and register Arrays of 
Instantaneous Values (AIV) of electric signals ï 
current and voltage, which include adequate 
information about physical phenomenon in 
network. This information can be used for 
development of more accurate DFL method. 

Such method is based on mathematical 
formulation of overhead lines modes with line 
equations. The main idea of this method can be 
described by means of   fig. 1 

 
 
 
 
 
 
 

 
Fig. 1 

For defining the distances l1, l2 (see fig. 1) 
between the ends of line and short circuit place the 
line equations for long lines on base of hyperbolic 
functions  written for both parts of the line 
according to the positive sequence network for 
ñspecialò phase (for example for phase A) are 
used. Taking into account that l2 = l ī l1, positive-
phase-sequence voltage UA1 at the short circuit 
point is defined with the following equations: 

                1,1 ɺ1 1,1 1 10 0AA AU U ch l I Z sh lg g= - ;            (1) 

     ( ) ( )1,2 ɺ1 1,2 1 10 0AA AU U ch l l I Z sh l lg g= - + -,     (2) 

where 1,1AU , 1,2AU  ī vector values of phase A 

positive-phase-sequence voltages at the beginning 
and at the end of line; 

1,1AI 1,2AI ī vector values of phase A positive-

sequence currents at the beginning and at the end 
of line; 

( )( )ɺ 00 0 0 0 0
Z r jx g jb z y= + + =  ī characteristic 

impedance of line;  

( )( ) 00 0 0 00 0
r jx g jb z yg= + + =  ī propagation 

constant of electromagnetic mode in line. 
Based on the evident equality of equations (1, 

2) left parts there can be written an equation (3), 
that allows to define the distance  l1  between the 
beginning of the line and short circuit place: 
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The vector values of phase A positive-
sequence voltages and currents, used in the 
equations (1, 2) can be defined accordingly to AIV 
of voltages and currents be means of generalized 
vectors [5] 

1,

1, 1,2 ,  1,2A ij

A i A iF F e i
j

= = : 

2

1, 1,

1

1
( ),  1,2

N

A i A i j

j

F f t i
N =

= =ä ; 

( )1, 1,

1

1,

1, 1,

1
( ) ( )

arccos ,   1,2

N

A i j A i j

j

A i

A i A i

f t h t
N

i
F H

f
=

å õ
Öæ ö

æ ö= =
æ öÖ
æ ö
ç ÷

ä
, 

where
1. ( ),  1,2A i jh t i= ; 

1, ,  1,2A iH i =  -  

correspondently AIV and vector module of voltage 
or current, with which the corner axis of reference 
is combined. 

In its turn, the AIV of phase A positive-
sequence voltages and currents can be defined 
from voltages and currents of each phase AIV 
(registered with ESR at the beginning and at the 
end of line) by means of a known way of 
unsymmetrical three-phase vectors FA, FB, FC 
decomposition to symmetrical components of 
forward FA1, reverse FA2 and zero-sequences F0 
[6], which obviously can be applied to AIV of 
voltages and currents: 

       ( )2

1

1
( ) ( ) ( ) ( )

3
A j A j B j C jf t f t af t a f t= + + ,           (4) 

where 
0120ja e= , 

02 240ja e=  ī operators of turn. 

Thus accordingly to the equation (4) there is 
data shift in arrays of phase B and C voltages and 
currents at  angle 120

0
 or 240

0
, that are defined 

with operators a, a
2
 (fig. 2, a, b). 
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a) 

 
b) 

Fig. 2. Data shift in arrays of voltages: a) of phase 
B, b) of phase C  

The accuracy of described DFL method was 
verified by means of bundled software Mathcad in 
terms of two single-circuit overhead lines with 
length 600 and 8 km, nominal voltage 500 kV and 
total load S2=250+j105 MVA. Linear electrical 
parameters are equal and are presented in the 
Table 1. 

 
Table 1. Linear electrical parameters 

0r , 

Om/km 
0x , 

Om/km 
0g , 10-

9
 

S/km 
0b , 10-

6
 

S/km 

0,022 0,301 7,333 3,694 

The calculations were completed for all types of 
short circuit at the distance 200 and 2 km 
accordingly to lines with lengths 600 and 8 km.  

The AIV of voltages and currents in all phases 
were calculated at the beginning and at the end of 

lines at discretization interval tD  = 0,317 ms and 

at correspond quantity of readout on the period 
N=63. The calculation results of short circuit place 
by means of defined AIV are presented in the 
Table 2. 

 

 

 

 

Table 2. The calculation results of short circuit 
place 

SC 
type 

l=600 km, l1=200 km l=8 lk, l1=2 km 

l1, km Error, % l1, km Error, % 

ʂ
(1) 

200 0 2 0 

ʂ
(2) 

200 0 2 0 

ʂ
(1,1) 

200 0 2 0 

The analysis of calculations results shows the 
absence of a methodical error in considered 

algorithm at a discretization interval tD  = 0,317 

ʤʩ. 
One of the main reasons for error in definition of 

a place of damage by offered algorithm is using in 
the equations (1, 2) inexact values of linear 
electrical parameters which are usually accepted 
from reference date. For decreasing of this error it 
is offered to use in the equations (1, 2) the 
specified values of linear electrical parameters [7] 
calculated on base of electrical parameters 
registered in preemergency mode. 

In summary it is worth to notice that the further 
development of DFL technique based on wide use 
of the equations of a long line, in the long term can 
lead to construction of new high-precision 
equipment for defining fault location on emergency 
mode electrical parameters. 
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Demina O.I. 

Scientific Advisor: Fix N.P., candidate of pedagogic sciences, associate professor 

Linguistic Advisor: Nizkodubov G.A., candidate of pedagogic sciences, associate professor 

Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050 

E-mail: oksana.dmn@gmail.com

Electricity production must rapidly follow 
variations in demand. Otherwise, the total 
electricity supply system will collapse. Failure in 
electricity supply system can result in high financial 
losses for manufacturers. Moreover, the failure can 
cause significant public risk in essential services, 
such as data handling centres and operating 
theatres in hospitals [3]. 

Many methods to keep production and demand 
of electrical power in balance are used widely 
depending on local conditions and required supply 
reliability. Sometimes electricity exports and 
imports to and from neighboring countries help to 
smooth gaps between production and demand, for 
example in such countries as Italy and Germany. 
Many developing countries use load shedding 
(cutting off the electric current on certain lines) in 
situations when the demand becomes greater than 
the supply. In the USA, customers can be 
financially rewarded for voluntarily switching off 
part of their consumption at times of peak demand. 
Likewise, cogeneration of electricity and heat to 
utilize extra electric energy is used very widely in 
such countries as Denmark and The Netherlands. 
If there is the problem in variability of output, like in 
case of renewable sources, flexible back-up 
generators can be used [3]. 

Another way to keep electricity production and 
demand in balance is to use different storage 
technologies. Using these technologies, electrical 
energy is stored during times when production 
exceeds consumption. Then stores are used at 
times when consumption exceeds production. 
 Power storage has gained high political and 
technological interest in the light of the 
development of renewable resources and 
distributed generation as a way to improve grid 
stability, to control the fluctuations of variable 
resources and to reduce carbon emissions [1].  

 
Picture 1 ï Energy storage technology in the 

grid 
 

In order to evaluate economic performance of 
storage technology several factors should be 
considered, such as energy cost of produced 
electricity, construction cost and the time-based 
patterns of the electric energy to be charged and 
discharged. System or construction cost (ú/kW)  
depends on many factors and includes all ancillary 
equipment necessary for the full storage system. 
While capital cost is important, operations and 
maintenance costs (ú/kWh) is a much more 
meaningful index for a complete economic 
analysis. The most important characteristics of 
operations and maintenance costs include round-
trip electrical energy efficiency and number of 
cycles (discharges) before replacement is required. 
The frequency of operation is an important 
parameter for calculating life-cycle cost. Likewise, 
utility energy storage applications can be roughly 
categorized by whether a short capacity or 
discharge is needed (on the order of less than 
minutes) or whether a long storage or discharge 
time is expected (on the order of hours)[4].  

Key performance indicators of the most popular 
state-of-the-art storage technologies are tabulated 
below (Table 1)[1].  

Table 1 ï Key performance indicators of 
storage technologies 

Storage 
techno-
logy S

u
p

e
rc

a
p
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c
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o

rs
 

E
le

c
tr

o
c
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b
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tt
e
ri

e
s
 

P
H

S
 

F
ly

w
h

e
e
l 

C
A

E
S

 

H
y
d

ro
g

e
n

 

Power 
rating, MW 

0,01-
1 

0,01-
40 

100-
5000 

0,002-
20 

100-
300 

0,002
-20 

Energy 
rating 

ms-
1h 

s-
10h 

1-
24h+ 

15s-
15min 

1-
24h+ 

15s-
15mi
n 

Energy 
density, 
Wh/kg 

0,1-
15 

30-
250 

0,5-
1,5 5-130 30-60 

800-
104 

Round-trip 
efficiency 

85-
98 

60-
100 75-85 85-95 42-54 85-95 

Lifetime, 
years 20+ 

3-  
20 

50-
100 20+ 25-40 

5 ï 
15 

Number of 
cycles 

10
4
-

10
8
 

10
3 

-
10

4
 

2*10
4
-

5*10
4
 

10
5 

-
10

7
 

5*10
3

- 
2*10

4
 10

3
 

Power 
cost, ú/kW 

100-
400 

200-
2000 

500-
3600 

100-
300 

400-
1150 

550-
1600 

Energy 
cost ú/kWh 

300-
4000 

50-
1800 

60-
150 

1000-
3500 

10-
120 1 - 15 

Let us consider the principle of operation of this 
or another storage technology, its economic 
performance compared to other alternatives and its 
application to short- and long-term power 
variations.  
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Supercapacitors. The nature of electric energy 
is such that it can only be stored directly as an 
electric charge in the capacitor. The basic principle 
of a capacitor is to store the electricity in an 
electrostatic field formed between a pair of 
conductors (two electrodes of opposite polarity) 
separated by a dielectric or insulator layer. Main 
differences between conventional capacitors and 
supercapacitors are enlarged electrode surface 
areas, the use of a polymer membrane and of a 
liquid electrolyte instead of the dielectric solid 
material. Supercapacitors have low maintenance 
needs, very fast charging and discharging times 
and they can stand many cycles. They have the 
potential for fast acting short term power back-up 
for UPS, transmission line stability (FACTS 
devices), and spinning reserve provision. They find 
applications in support to renewable energies and 
in smart grid systems. Unfortunately, the storage 
capacity of even the most advanced capacitors is 
limited to 10-15 Wh/kg and they cost more than 
1000 ú/kWh of stored energy [3]. Consequently, 
suoercapacitors are only suitable for short-term 
energy storage. 

Electrochemical batteries. If a substantial 
amount of electric energy has to be stored, many 
technologies, which convert electricity into 
mechanical or chemical energy, can be used; the 
first in this row is electrochemical batteries. Battery 
storage technologies rely on electro-chemical 
reactions to store energy. Different chemical types 
are currently being used, such as lithium-ion (Li-
ion), sodium sulphur (NaS), nickel cadmium 
(NiCd), nickel metalhydride (Ni-MeH) and lead acid 
(Pb-acid) batteries [1]. Because of high investment 
costs and limited life spans, electrochemical 
batteries are also not cost-effective to smooth the 
variability in power output. They are therefore 
suitable for small-scale applications, mostly 
developed for consumers, PV support and vehicles 
[1]. 

Pumped hydro (PHS). The basic principle of a 
PHS system is to store energy by means of two 
reservoirs located at different elevations. In times 
of low demand, electricity from the grid is used to 
pump water to the higher reservoir, while in times 
of peak demand the water is released to generate 
electricity, hence operating a reversible cycle of 
grid electricity. Here, excess electric energy is 
used to pump water into a high-altitude reservoir 
so that the potential energy of the water can later 
be turned into electricity via turbine-generator 
systems. Storage energy cost of this pumping 
system is about 60-100 ú/kWhn [3]. These costs 
are much lower than with batteries or capacitors. 
The main advantages of PHS systems are high 
storage capacity, quick start capabilities, low self-
discharge, long technical life-time and high number 
of cycles, which make the technology suitable for 
regulation provision and for supporting the variable 
electricity generation. To date, approximately 100 

GW of pure hydro-pumped storage is installed 
world-wide (Alpine region) [1]. 

Flywheel systems. These systems store 
energy mechanically in the form of kinetic energy. 
The core element of a flywheel is a rotating mass 
which is connected to a main shaft powered by an 
external source of energy. In revolving, the mass 
builds up inertial energy. Flywheel systems have 
the advantage of high cyclability, high energy 
efficiency and fast response time, but they have 
small energy density [3]. Consequently, they are 
mainly intended for solving very fast and short-term 
electricity supply problems rather than covering 
daily, weekly or seasonal imbalance between 
demand and supply by generators. Applications 
that use flywheel storage are those that require 
very high bursts of power for very short durations 
such as tokamak and laser experiments [2]. 

Compressed-air energy storage (CAES). In 
CAES systems, the energy is stored mechanically, 
usually in underground caverns, by compressing 
the air from the atmosphere. A typical CAES 
system is a combination of natural gas combustion 
and high pressure of the compressed air to drive 
the turbines. When electricity is required, the 
compressed air is drawn from the cavern, then 
heated in gas burners and expanded in a gas 
turbine. Main advantages of CAES are the large 
storage capacity, relatively fast time response, no 
self-discharge and long life time. Due to incredibly 
big energy capacity, CAES is represented as 
comparatively cheap variant regarding the cost of 
storage energy ï about 10-80 ú/kWh.  The 
technology is therefore suitable for applications 
such as load following, peak shaving, frequency 
regulation, seasonal fluctuation regulation and grid 
decongestion. One feature of the new generation 
of proposed CAES plants is that they may be 
closely integrated with wind farms, presenting a 
means of firming the capacity of wind 
energy. Currently, there are two CAES facilities in 
the world, one in Germany in Huntorf with a rated 
output power capacity of the 290 MW and the 
other, McIntosh unit, located in Alabama, USA with 
a rated power output of 110 MW [3]. 

 Hydrogen-based energy systems. Hydrogen 
can be used to store electricity via reversible water 
electrolysis. Hydrogen produced by electrolysis is 
transformed back into electricity in times of 
demand by means of a fuel cell or combustion 
engine [1]. Considering the main advantages such 
as the large energy capacity, high energy density 
and the very low self-discharge, the technology 
appears suitable in connection with very large wind 
farms, in support to power grids in isolated 
systems or in systems where grid reinforcement is 
very expensive. However, this technology have big 
losses involved in producing energy, thus it can be 
economically approved just for short-term power 
regulation [3]. 

In conclusion it is necessary to say that costs of 
energy storage systems depend not only on the 
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type of technology, but also on the planned 
operation and especially the hours of storage 
needed. Capacitors, flywheel systems, 
electrochemical batteries and hydrogen-based 
systems offer no economical options for the 
storage of energy for further usage. However, such 
storage systems can help to smooth short-term 
variations in output from renewable sources. 
Meanwhile, pumped hydro with daily use of the 
capacity renders about low costs per delivered 
peaking kilowatt-hour, but the amount of suitable 
locations for pumped hydro is limited. Thus, CAES 
appears to have the best properties to serve as a 
quality fuel for both short-term and seasonal 
balancing capacity. 

All of these storage technologies seem to be 
quite attractive to cover extended time spans when 
there is no output from wind-based and solar-
based power capacity. The fact is that all existing 

storage technologies are still expensive and just 
few of them can be used for long-term balancing. 
However, with future improvement of existing 
technologies and development of new 
technologies, they can be added to traditional 
methods of keeping electricity production and 
consumption in balance. 

References: 
1. http://setis.ec.europa.eu/newsroom-items-

folder/electricity-storage-in-the- power-sector  
2. http://www.electricitystorage.org/technolog

y/storage_technologies/storage_technologies_past
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Markus Hotakainen & Wªrtsilª Finland Oy, 2011 
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The considerable drawback of using diesel 
generator (DG) as a drive for synchronous 
generator ï diesel electrical station (DES) ï is that 
the energy efficiency is small, conditioned by high 
hydrocarbon fuel consumption. For the majority of 
territories the problem is worsened as the transport 
costs for fuel are high. 

The steady rise of a fuel price led to a high prime 
cost of 1 kWh ï around 1$, from which a fuel part 
is 70%. 

The possible way to decrease the price of energy 
produced is to optimize the load of DG. The 
desirable load for DG is 25-80% of nominal. Higher 
load leads to the decrease of DG lifetime; lower 
load implies the higher fuel consumption and 
carbonization effect due to the gases in the 
cylinders of generator. 

For high-power DES containing several 
aggregates the problem is partly solved by a 
rational control of electrical conditions ï turning on 
and off the DG to adapt to a demand curve, which 
is not possible in the case of one or two 
aggregates. In the following parts two control 
strategies are proposed. The conclusion is made 
with a comparison of the results. 

 
II Load curve and its analysis 
 
Fig.1 shows a probabilistic 24-hours load curve 

for a rural household, typical for decentralized 

customers [1]. For the analysis reasons we make a 
per unit calculation and choose a maximum power 

rate as P
max

=1,0. 

 
Fig.1. Probabilistic 24-hours load curve for a rural 

household 
 
The main parameters of mentioned load-curve 

are: 

¶ Maximum (peak) power P
max

=1.0; 

¶ Minimum (base) demand level P
min

= 0,25; 

¶ An average load P
av

=0,43; 

¶ Coefficient of maximum usage (density) of load 

K
u

=
P

av

P
max

= 0.43 

¶ Coefficient of unevenness of demand 

K
u

=
P

min

P
max

= 0.25 
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Now we observe the main strategies to optimize 
the fuel consumption. Both strategies should 
provide the constant amplitude and frequency of 
output voltage. 

III One-aggregate (standard) strategy 
In the first variant (fig.2) the output voltage on 

collecting buses (CB) is stabilized by automatic 
regulation of fuel consumption of diesel motor (DM) 
and exciting current of synchronous generator 
(SG) realized by control system (CS). Proposed 
strategy implies regulating the generation of power 
according to power demand. This approach allows 
using relatively easy connection schemes and 
element base; it is reliable and proved-out by many 
years experience. 

 
Fig.2 Structure chart of industrial DES 

 
The main drawback of this structure is that DG is 

forced to work on low-power conditions, which 
cause shortening of its life cycle. 

According to [4] the total power of working DG 
should cover maximum calculated demand taking 
into account the self-needs of DES and motor 
starting consumption. The mathematical 
expectation of active power in different time points 
is given with variation coefficients (rms divided by 
appropriate mathematical expectation) no more 
than 0,2. For full maximum demand coverage the 
DG should be chosen with the nominal power of 
Pnom1=1,25ĀPmax. 

In this case the load of DG between 0 and 4 h, 9 
and 10 h, 13 and 15 h is 25% of nominal. That has 
an immediate negative impact on operation 
conditions and fuel consumption ratio.  

IV One-aggregate and energy storage system 
strategy 

 
The second variant implies the usage of buffer 

energy storage facility (fig.3) [2]. 
The strategy of controlling the system in 

second case is that DG is always loaded with 
average level ʈav. When the generated power 
exceeds the demand level, the surplus of power is 
stored in buffer energy storage (BES). It is 
released when demand power exceeds the 
generated level ï in peak hours of demand. For 
balancing the electrical parameters of system and 
providing the processes of charge/discharge, DES 
scheme should be supplemented with rectifying-
charge equipment (RCE) and autonomous inverter, 
which are controlled by control system (CS) [3]. 

Subject to necessary reserve we get a 
nominal power for the system as Pnom2=1,25ĀPav. 

 
Fig.3 Structure chart of DES with buffer energy 

storing 
V Comparison 

For two given strategies of DES construction we 
make a calculation of fuel consumption. 

The absolute fuel consumption of a DG for each 
i-th stage of 24-hours demand curve is given by a 
formula: 

Gi = gnom×K tear ×K reg_i ×Wout_i , kg 

where gnom ï DG specific fuel consumption, 
g/kWĿh;  Ktear ï coefficient of tear (for DG after 
overhaul and with exceeded lifetime the coefficient 
is taken 1,05); Kreg_i ï the coefficient of regime 
which accounts the condition when DG works 
under load less then nominal: 

K
reg_i

=
g

i

g
nom

, 

where gnom - specific fuel consumption by diesel 
on a given time period, g/kWĿh. In case of the 
absence of technical specification, coefficient can 
be calculated based on empirical formula: 

K reg_i = 0.87+ 0.13
Pnom

Pcons_i

, 

where ʈnom ï nominal power of DG, kW; ʈcons_i ï 
consumed power on i-th stage of 24-hours load 
curve, kW; Wout_i ï output power on i-th stage of 
24-hours load curve, kWȚh: 

Wout_i = Pcons_i ×ti ,                (1) 

where ti ï period of i-th stage of DG operation, h. 
24-hours consumption is defined by: 

G = G
i

i

å , kg 

We take the specific parameters equal for both 
variants (gnom= gnom1 =gnom2), and tear coefficient 
Ktear=1. 

In compliance with regarded load curve, around 
80% of output energy is transferred to CB from DG 
and 20% from BES. 

Taking into account the efficiency ratio of 
converting the energy in BES ɖ, equation (1) takes 
a form of: 

W
out _i

= P
cons_i

+ (1- h )×P
BES_i

é
ë

ù
û ×t

i
, 

where ʈBES_i ï power on a buffer energy storage 
at ith stage, kW. 

For given efficiency ratio of inverter and rectifier 
of 90%, the economy of fuel consumption is 
14,3%, when 

 
VI Conclusion 
The calculated variants have proved the 

efficiency of including the energy storage facility in 
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the structure of DES.  Though, for technical 
realization of this variant itôs important to solve 
several serious technical problems: 

1. The technical characteristics of BES: deep 
discharge and fast input/output of large quantities 
of power.  

2. The forecast for daily load curve is 
essential. 

3. The high-performance and highly-efficient 
electronics are needed for the construction of 
rectifying charge and inverter equipment. 

4. High-level control system is needed to 
realize a strategy of regulating the DES in real 
time. 

From given problems we can conclude the 
necessity for an optimal storage facility. The most 
appropriate technology for constructing the BES is 

based on super-capacitors, which are currently too 
expensive for mass usage. 
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ABSTRACT 
This paper introduces an analysis of the 
phenomena of stability as a major part power 
quality element, so if the stability of a power 
network is enhanced so the power quality is 
enhanced too. In the paper an analysis of the 
stability of synchronous machines under small 
perturbations by examining the case of a single 
machine connected to a large system through 
external impedance, and uses H

Ð
- loop shaping 

controller synthesis to design stabilizer for electric 
power system 
 

1.    INTRODUCTION 
HE PHENOMENON of stability of synchronous 

machine has received a great deal of attention in 
the past and will receive increasing attention in the 
future  [ELsherbiny M.]. Power System Stabilizers 
(PSS) are added to excitation systems to enhance 
the damping during low frequency oscillations. The 
output of the PSS is applied as a supplementary 
control signal to the machine voltage regulator 
terminal. Oscillations of small magnitude and low 
frequency often persist for long periods of time and 
in some cases can cause limitations on the power 
transfer capability. The PSS conventional and the 
PSS control based on root locus and eigenvalue 
assignment design techniques have been widely 
used in power systems. Such PSS ensure optimal 
performance only at a nominal operating point and 
do not guarantee good performance over the entire 
range of the system operating conditions due to 
exogenous disturbances such as changes of load 
and fluctuations of the mechanical power. In 

practical power system networks, a priori 
information on these external disturbances is 
always in the form of a certain frequency band in 
which their energy is concentrated. Remarkable 
efforts have been devoted to design appropriate 
PSS with improved performance and robustness. 
H
Ð
 based control approach is particularly appropri-

ate for plants with unstructured uncertainty. In this 
paper, a PSS based on H

Ð
- loop shaping controller 

synthesis is introduced and results are displayed in 
time response approach for studying stability of 
electric power system under different conditions. 

2.   SYSTEM DESCRIPTION 
The power system considered in this study is 
modeled as a synchronous generator connected 
through a transmission line to infinite busbar. A 
simplified model that describing the system 
dynamics used in this study is given by the 
following state space equations [MALIK O., K.. 
Naoto]. 

xĘ = Ax(t)+B1w(t)+B2u(t)                   (1)    
z(t) = C1x(t) + D11w(t) + D12u(t)         (2) 
y(t) = C2x(t) + D21w(t) + D22u(t)         (3) 
where u represents the PSS output added to the 
voltage set points ȹVref, ɤ is an external 
disturbance represented by the mechanical power 
ȹPm. The matrices A, B1, B2, the vector z, y and the 
state vector x are defined by 

A=

( ) ( ) ù
ù
ù
ù

ú

ø

é
é
é
é

ê

è

--

-

--

A6AA5AA

do
'

do
'

34

21
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T1TK10MK-

0MK0MK

003140

  (4) 

B1=[ 0   1/M   0     0]
T
,B2=[0   0  0  KA/TA]

T
 

T 
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Z=[ȹPe    ȹɤ    ȹVt  ]
T
,       y=ȹPe 

 x = [ ȹŭ  ȹɤ  ȹEqô  ȹEfd]
T 

. 

where ŭ, ɤ, E'q, EFD, Pe and Vt are respectively the 
torque angle, the angular velocity the internal 
machine voltage, the excitation voltage, power 
output and generator terminal voltage. T'do is the 
open-circuit transient time constant, the operating 
conditions for the above systems are completely 
defined by the values of the real (P) and reactive 
(Q) powers at the generator terminals and the 
transmission line impedance Xe. noted that the 
constants Ki (i = 1,..., 6) are uncertain and depend 
upon the network parameters, the quiescent 
operating conditions and the infinite bus voltage. 

3.   H
Ð
 LOOP SHAPING CONTROLLER 

H
Ð
 loop-shaping control, proposed by McFarlane 

and Glover, is an efficient way to design a robust 
controller and has been applied to a variety of 
control problems. Uncertainties in this approach 
are modeled as co prime factor uncertainty. This 
uncertainty model does not represent actual 
physical uncertainty, which, in fact, is unknown. 
This approach requires only a desired open loop 
shape in the frequency domain. Two weighting 
functions, W1 (pre-compensator) and W2 (post-
compensator), are specified to shape original plant 
G so that the desired open loop shape is achieved.  
In this approach, the shaped plant is formulated as 
a normalized co prime factor that separates plant 
Gs into normalized nominator Ns and denominator 
Ms factors. In any plant model G, the shaped plant 
Gs is formulated as [4].  

 

 
Where A,B,C,D represent plant Gs in the state-

space, form e¢DD
SS MN , , Ns and Ms are 

nominator and denominator normalized co prime 
factors. ȹNs and ȹMs are uncertainty transfer 
functions in nominator and denominator factors. Ů 
is an uncertainty boundary, called a stability 
margin.  

4.      RESULTS 

4-a.    Result of system without stabilizer: 

 

Fig.1 ȹɤ at P=1 p.u.  and Q=0.015 p.u. 

 

Fig.2 ȹɤ at P=1.25 p.u.  and Q=0.3 p.u.,xe=0.997 
p.u. 

From previous figures, it can be conclude that 
system is unstable for normal and heavy loading 
(fig.1, 2) respectively.  

4-b.     Result of H
Ð
 loop shaping controller: 

 

Fig.3 ȹɤ at P=1 p.u.   and Q=0.015 p.u. 

 

Fig.4 ȹɤ at P=1.25 p.u.  and Q=0.3 p.u., xe=0.997 
p.u. 

5.    CONCLUSION 
In this paper the design and evaluation of power 
system stabilizers based H

Ð
 technique, H

Ð
  loop 

shaping  controller has been considered. The sim-
ulation results presented demonstrate the 
effectiveness of these control techniques to 
improve the stability and transient response of 
power systems under a variety of operating 
conditions. The robustness of the controller has 
been evaluated with respect to model uncertainties 
of the power system.  From the simulation results 
that were obtained it was clear that the used 
technique gave faster damping, with less 
overshooting. 
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Metal vapor lasers are promising devices for 
solving a wide range of tasks. The most widely 
spread is a copper-vapor laser, as one of the most 
effective sources of coherent radiation in the 
visible spectral range. The main advantages of 
these lasers are: sufficiently great practical 
coefficient of efficiency (compared to other metal 
vapor lasers), high gain of active medium, and high 
pulse repetition frequency. However, for creating 
the necessary metal vapor density high 
temperatures (1500 - 1700)Áʉ are required, and 
this factor imposes some restrictions on active 
elements design, which have quite short longevity 
[1]. Therefore, to obtain atomic copper in the active 
medium it is advisable to use its halogenides, 
especially bromide, which allows us to provide the 
required concentration of copper at the 
temperature about  500 Áʉ, which is three time 
less when pure copper is used. Thereby, it allows 
us to use cheaper materials in the manufacture of 
the active elements (e.g. quartz). The use of 
capacitive-type pumping for vapor lasers on the 
base of various copper halogenides (CuBr, CuCl) 
is also known. This type of discharge tubes can 
increase the life time, because there is no contact 
of electrodes with chemically aggressive 
environment of the laser.  

One of the main parameters which influences 
the output characteristic of the laser, is the 
concentration of copper in the active medium, 
which is determined by the temperature of the 
container with copper bromide (CuBr). Currently, in 
the Laboratory of Quantum Electronics, Institute of 
the Atmospheric Optics SB RAS, Tomsk, CuBr 
lasers with an active heat insulator are used [2]. 
The temperature of the outwall of the discharge 
tube,  the CuBr generator and HBr generator are 
kept on the selected level  by means of a three-
channel control unit.  The appeared regulating 

device provides temperature dispersion in Ñ5Áʉ. It 
significantly affects lasing properties. At the same 
time, the price of this device is around 5000-7000 
rubles. The aim of the work is to design a system 
of automatic temperature control only for one 
channel - the CuBr container. The system must 
possess the required parameters. The most 
important is the maximum temperature stabilization 
at the given level and indication. Moreover, the 
designed system should be ñopenò ï it should 
allow us to change the control algorithms and, if 
necessary, provide the ability of computer control.  

Figure 1 shows the functional arrangement of 
the designed system. The system represents a 
thermostat, which is made the base of the two-
level controller scheme, that operates on the 
principle ñon-offò[3].  By acting on the control 
element (CE) an automatic controller provides the 
value of the controlled value.  Here, the control 
apparatus represents a heater or oven, and a 
controlled plant is a container with CuBr.  Since the 
control apparatus is a device that perceives the 
impact of control on the object, the control 
apparatus as a constituent part of the object of 
regulation will be considered. Chromel ï alumel 
thermocouple is used as a measuring device (MD). 
Both setpoint adjuster (SA) and adding device are 
built on the microcontroller (MC). The signal from 
the measuring device is compared with the given 
value. If the actual value of the controlled variable 
is not equal to the given one, on the terminal of the 
microcontroller there will be 1 or 0 depending on 
the result of comparison. Furthermore, the output 
signal applied to the amplifier (A), which is 
submitted by the driver in the scheme, is required 
for controlling the actuating mechanism (AM). The 
actuating mechanism in this case is performed by 
the transistor switch, which is used for switching 
the heating element from the power source. 

 
Fig.1. The functional arrangement of the designed system

 

AM 
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In this paper AVR microcontroller family, 
AtMEGA16 is used. The choice of this 
microcontroller is due to the following   
advantages: the presence of 10-bit analog to 
digital converter ADC, three external interrupts and 
interrupt on change of the port state. An integrated 
ADC in microcontroller let us convert the signal 
from the measuring device to be further processed. 
The signal should be amplified before being 
applied to the ADC. Differential amplifier based on 
the operation amplifier is used in the scheme 
(Figure 2). The operating temperature range of the 
CuBr vapor laser is (450 ï 600) Áʉ. If the 
temperature is 600Áʉ or higher, vapor 
concentration exceeds the required amount. This 
leads to a decrease of energy characteristics 
(power generation). Thatôs why it was decided to 
measure the temperature within the operating 
range. To do this, the voltage applied to the 
inverting input of operational amplifier (op amp), is 
equal to the voltage that produces a thermocouple 
at 400 Áʉ. This value is obtained by a restive 
divider R7-R8. Thus, the amplified difference 
signal will be on the output of the op amp. 
Moreover, it is possible to calibrate the measuring 
device by resistor R8, and the presence of a 
variable resistor R5-R6 allows rather accurately 
adjust the gain. 

To set the desired value of the temperature two 
external interrupts of the microcontroller are used. 
To do this, the buttons are connected to the 
appropriative terminals of the microcontroller. The 

LCD display WH1602D is used as an indicator. 
The display shows the temperature measured by a 
thermocouple, and the given temperature.  
Therefore, the presence of the microcontroller 
helps us to control the temperature of the container 
with the help of the indicator, and also set the 
desired value of the temperature. To communicate 
with a personal computer (PC) the built-in USART 
module that provides connections on RS-232 
through the COM-port is used. The application of 
this type of communication is more straightforward; 
however, in future it is planned to implement a 
connection through USB-port. 

To test the designed system a series of 
experiments was held.  The same heater with the 
maximum power 200 watts was used. As model 
temperature measuring devices a mercury 
thermometer and the thermocouple electronic 
thermometer CENTER 307 were used. The 
purpose of a mercury thermometer was to calibrate 
the developed device by the absolute value, and 
an electronic thermometer - to record temperature 
deviations from the adjusting value. The 
temperature deviations at different adjusting values 
- 450, 500, 550 and 600 Áʉ was researched. The 
deviations were recorded not only in a static mode 
(when the laser operates), but also when the load 
is being changed (the heat exchange with the 
environment was changed).  Thus, the 
temperature deviation in all cases did not exceed 
Ñ1 Áʉ.  

 

 
 

Fig.2. Differential amplifier scheme 
 

Finally, the system of temperature stabilization 
of CuBr generator for CuBr - laser based on 
microcontroller AtMEGA16 was designed. 

If the mercury thermometer indications are 
accepted as a reference value, temperature 
deviations do not exceed Ñ1 Áʉ, which makes up 
only 0.16%.  
The system is ñopenò and makes it possible to 

carry out changes in the law of control for the 
optimal management mode when used for various 
tasks. 

In future, the system will be modified and the 
software for personal computer (PC), which makes 
it possible to take the curve of the transient 
process to assess the quality of regulation will be 
developed.  

The designed model will be used in the course 
of laboratory work on the theory of automatic 
control.  

This work was supported by the Ministry of 
Education and Science of the Russian Federation, 
State contract ˉ 7.586.2011 
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The purpose of the work is to create a stepping 
motor control unit for the laboratory bench on laser 
material micro-processing (e.g. cutting, engraving) 
based on CuBr vapor laser. At the same time it 
should be able to control energy generation. 

CuBr laser belongs to a class of lasers on self-
terminating transitions in metal vapors, where an 
inversion between the resonant and metastable 
levels occurs for a short time due to their excitation 
by electron impact from the ground state [1]. A 
simplified schematic diagram of copper atomic 
levels is shown in Fig. 1. In this paper a CuBr laser 
with the average power of ~ 5W will be used. 
Energy control in lasing pulse will be carried out by 
forming a double excitation pulse using a pulse 
radiation modulation like in [2]. Modulation should 
be conducted together with the movement of the 
table where the workpiece is located. 

 

Fig. 1. Copper atom levels scheme 
  
To complete the given task weôll need an x-y 

stage which operates by means of two unipolar 
stepping motors. The engine block diagram is 
shown in Fig. 2. 

 

 
Fig. 2. Unipolar stepping motor block diagram. A, 
B, C, D ï motor phases. AB, CD ï common points 

  
One of the basic peculiarities of a unipolar 

motor is that it has one winding in each phase and 
in the centre of the winding there are some 
contacts. This allows us to change the direction of 
the magnetic field of the winding just by switching 
the winding halves.  

As a result the driver circuit is very simplified. 
The driver should have only four simple keys. In 
the unipolar motor the technique of the magnetic 
field direction change is used. Average winding 
contacts can be connected inside the motor, so the 
engine may have five or six wires [3]. 

The driver will be controlled by the personal 
computer (PC) program. Therefore, it is necessary 
to design a software envelope for the PC for 
processing image vector graphics. The program 
should have the opportunity to control the depth of 
cutting (by means of the laser pulse energy control 
and the positioning table speed), and to determine 
the laser beam position on the workpiece surface 
without any tracking device, i.e. only according to 
the history of the table movements. Moreover, the 
program should be able to work in two modes: 
automatic and semiautomatic. 

Automatic mode is an independent cutting lines 
priority regulation which makes it possible to cut 
complex shapes without the risk of a workpiece to 
be damaged. Semiautomatic mode is the ability to 
set this priority manually. 

Vector graphics is the use of geometrical 
primitives such as points, lines, curves, and 
shapes or polygons to represent images in 
computer graphics. Vector graphics is based on 
images made up of vectors (also called paths, or 
strokes) which lead through locations called control 
points. Each of these points has a definite position 
on the x and y axes of the work plan. Each point, 
as well, is a variety of database, including the 
location of the point in the work space and the 
direction of the vector (which is what defines the 
direction of the track). Each track can be assigned 
a colour, a shape, a thickness and also a fill. This 
does not affect the size of the files in a substantial 
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way because all information resides in the 
structure; it describes how to draw the vector [4]. 

 
Fig.3. Examples of bitmap and vector graphics 
The advantages of a vector style of drawing 

over a bitmap one are: (1) the size of 
representation does not depend on the dimensions 
of the object, (2) the parameters of objects are 
stored and can be later modified. Also there is an 
opportunity to convert vector graphic file to raster 
format, but not vice versa. 

 

 

Fig.4. Block diagram of the designed device 
 
The block diagram of the designed device is 

presented in Fig.4. The connection of electric 
motor drivers and PC should be provided by a 
device constructed on the basis of a 
microcontroller Atmega16, Atmel corp. The link will 
be realised with the help of the RS-232 interface. 
In this case a signal level converter (RS-232-TTL) 
based on max232 driver/receiver is required. 

It is easier to implement the device on the base 
of two microcontrollers. The first microcontroller is 

programmed to convert the serial code (obtained 
from a computer by the interface RS-232) to 
parallel code and control the laser operation (it's 
meant the lasing pulse energy control). The 
second microcontroller is responsible for 
controlling motors. The software will process vector 
graphic files and transfer them to the 
microcontroller by RS-232. In comparison with the 
USB interface, the RS-232 interface let a device 
refer to PC. Thus, there is a way to raise an 
accuracy of material microprocessing [5, 6]. 

In the present work a unipolar stepping motor 
control unit is designed. Its circuit is shown in 
Fig. 5. 

The electric motor has two modes of operation. 
When switch S1 is pushed, the motor rotates 
clockwise; when switch S2 is pushed, the motor 
rotates counter-clockwise. The integrated circuit 
DDR2 is used for current amplification. DA1 and 
DA2 reduce voltage up to 5 V for microcontrollers 
and to 12 V for the electric motor and DDR2. It 
should also be noted that the main part of the 
device is the microcontroller Atmega16. It contains 
a program which is used to determine the work of 
all other elements of the circuit. 

So, the device needs only one voltage supply 
source - 16 V. LM7805 and LM7812 change 
voltage to 5 and 12 volts respectively. This power-
supply circuit design is simple and reliable. The 
use of integrated circuits in TO220 package gives 
an opportunity to install radiators to increase 
output capability. 

In conclusion, let us make notes on the key 
features of the designed device. The positioning 
table makes it possible to work with objects lighter 
than 1 kilogram. 

With the increase of mass, accuracy is 
decreased and therefore, losses in motor grow. 
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Fig.5. Designed driver circuit

There is no position control system. Position is 
defined by the previous table movements and it 
has detrimental effect on accuracy. However, in 
case of fine tuning the positioning errors can be 
minimized. 

One of the major disadvantages of the 
laboratory bench is the motor response time. 
Nevertheless, it can be eliminated by means of 
complementary devices for óoperating pointô 
position determine. 

The ability of lasing energy control enables us 
to adjust the depth of material processing. One of 
the potential applications is the fabrication of 
integrated circuits and printed-circuit boards. Small 
beam diameter and adjusted radiation intensity 
allow the result to be better than by traditional 
chemical etching. 
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The Ultrasonic Pulse-Echo inspection method is 
extremely capable of detecting cracks that limit the 
structural integrity of loaded technical components 
and systems. However, the applied principles of 
ultrasonic material testing do not in general allow 
the characterization of flaws and the required 
measurement of crack dimensions. Appropriate 
wave field data sampling at the scanned surface 
with the subsequent field reconstruction improves 
both the resolution and the contrast sensitivity of 
inspection results. We use arrays with elements 
adapted for the inspection task with an optimized 
arrangement and element apertures of point 
source character. First results have been received 
applying linear arrays that are promising for the 
quantitative assessment of flaws by high-resolved 
high contrast imaging of inspection results in real-
time.  

For various technical measurement systems 
based on wave physics, optimized wave field data 
sampling and data processing has become state of 
the art with the objective of high resolution reflector 
imaging. Examples are radar applications, optics, 
hydro-acoustics but also acoustic imaging for 
medical diagnostics. In some of these areas the 
resolution limits for measured data with noise have 
been expanded beyond the classical Rayleigh 
criterion in the last years, as a result of model-

fitting theories and super-resolution techniques. 
Improvements for high resolution imaging in non-
destructive testing have been proposed too based 
on compensation for the diffraction effects of finite 
sized transducer elements. Multidimensional linear 
filter is applied for compensating diffraction effects 
and errors of element positioning [1]. The filter 
replaces conventional phase controlled operations 
of phased arrays systems and it is designed for 
real time performance. The objective of this 
development is the use of array elements of large 
element apertures for effective pulse transmitting 
and receiving and the compensation of diffraction 
artifacts.  
To take best advantage of up-to-date principles of 
imaging but also to comply with the professional 
requirements, we have to develop systems that 
can be applied following existing procedures and 
specification but with additional features that allow 
for better performance and evaluation of results. A 
first step was the use of ultrasonic Phased Arrays 
but processing the full information measured by the 
array elements. We have called this technique 
Sampling Phased Array (SPA). 

Sampling Phased Array and Migration Array 
The Sampling Phased Array Technique was 

developed for linear array transducers with the 
objective of real-time flaw imaging with improved 
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contrast and resolution sensitivity [1-2]. Basic 
principle for the development has been the viability 
of fast data processing by optimized algorithms 
and efficient computing by applying affordable 
standards [2]. The migration array technique is a 
generalization of sampling phased array technique. 
Phase controlled measurement is replaced by 
position controlled measurement with the 
possibility of implementation of advanced codes for 
image generation, a technique we have called 
wave field data sampling. The final objective of 
MAT development is real-time high-resolution 
imaging of flaws measured by matrix arrays and 
reconstructed and presented in 3D. 

Instrument Design 
The instrument has been designed in 

compliance with existing standards for multi-
transducer and phased array systems with modular 
32 parallel ultrasonic channels and the phase 
control electronics. The add-on is the parallel 
measurement of the high-frequency A-scans by 
each element of the array. Fast data links have 
been designed for real-time processing of the full 
array A-scan and element position information [2] 
but in consideration of standards for easy future 
upgrades (fig. 1). 

Special emphasis was put on amplifier features 
including high dynamic range and extreme low 
noise even at highest amplification settings. These 
help in the operation of array transducers with 
small element apertures. The system can be 
operated in all known operation modes of a multi-
channel ultrasonic instrument: as a standard multi-
transducer inspection system, as a conventional 
phased array system with up to 16 phased array 
linear transducers with 16 elements each, and as a 
system with controlled selectable transmitter pulse 
control and parallel receiving elements as required 
for 3D wave field data sampling. Further, the 
system may be operated in any hybrid operation 
mode, for example as a multi-transducer system 
plus one or more phased array transducers.  

In addition to supporting current market 
demands, weplan to use the multifunctional system 
feature for the validation and certification of the 
migration array technique.  

 
Fig. 1. System Architecture 

We propose sparse apertures for array 
transducers with stacked piezo-elements. We have 
called these array transducers Migration 
Transducers because they cannot be applied with 
standard phased array instruments. The stacking 
of piezo-elements provides the appropriate 
element capacity for efficient transmitter and 

sensitive receiver characteristics for small aperture 
elements. The use of sparse apertures with 
element distribution not in compliance with the 
sampling theorem can be achieved by data 
filtering. The design, the materials used and the 
assembling of migration transducers have to 
provide low acoustic and electric cross-over 
needed for a dead zone less than one millimeter 
(for technical inspection frequencies). 

High Speed Scanning 
High speed scanning of about 1 m/sec can be 

achieved only when we do not have to transmit 
pulses by each of the array elements. The point 
source character of the elements in combination 
with the reciprocity theorem offers the approach of 
reducing the measurement information. When only 
one element is used as a transmitter and all the 
other elements are receiving the reconstructed flaw 
image is almost of same quality. When scanning 
we sample compound scan data with redundant 
information that stabilizes the reduced approach. 
The main difference is caused by the noise 
because of fewer amounts of data summed up. 
Assuming a pulse repetition rate of 1 kHz, a 
wavelength of 2 mm, a scan index of half the 
wavelength, and a 10 element arrangement in 
scan direction we may scan at a speed of 1 m/sec 
with full (redundant) measurement information 
since transmitter position is moving along the 
synthetic aperture. However, we have to organize 
the information flow of data processing with fast 
data access and links.  

The equivalence of the sparse information 
concept for fast scanning is shown in figure 2. The 
applied transducer was a linear array of 16 
elements and a frequency of 5 MHz. The reflector 
was point like (1 mm SDH), the angle of incidence 
30 Á longitudinal mode.  

 
Fig. 2a. Proof of equivalence: Sparsing of 

Information Content  
 (16x16) Information Matrix:  
SDH Ï1mm Zoomed A Scan 

  
Fig. 2b. Proof of equivalence: Sparsing of  
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Information Content 
(1x16) Information Matrix: 
SDH Ï1mm Zoomed A Scan 

This type of information sparsing asks for 
improved instrument amplifier characteristics 
(electronic noise) and highly sensitive array 
elements. The effect of electronic noise can be 
seen in figure 2b. 

Conclusions and Outlook 
Wave field data scanning and subsequent data 

filtering is a viable approach for high-resolution and 
high-contrast imaging of flaws. The current state of 
art in computing, micro-electronics (instrument) 
and micro-packaging (Migration Array Transducer) 
enables the development of a system for industrial 
inspection tasks.  

However, we have to consider in more detail 
the equivalency with existing ultrasonic testing 
procedures, especially the use of shear waves for 
the sensitive detection of cracks at the rear side or 
ID of the inspected component. We can 
reconstruct images for the shear wave mode but 
we still need progress with high performance 
migration array transducers which are under 
development. Also, validating the equivalent 
detectability of surface cracks by the longitudinal 

mode of Migration Array Technique MAT we may 
limit the sweep to the critical shear wave angle. 
Nevertheless, the code developed allows the 
evaluation of flaw images including mode 
conversion phenomena. 

3D Migration is the final target for future 
imaging of the flaw geometry by de-convolution of 
the reflector features by applying rules for its 
interaction with the wave field.  

Engineering rules for optimized Migration 
Codes will provide support for further progress in 
inspecting anisotropic materials like light-weight 
fiber materials, cast materials, and dissimilar 
welds.  
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Accumulator battery simulator block (ABSB) 
(Fig. 1.) is a part of an automated system for 
complex testing of spacecraft power systems in a 
series of ground tests. This equipment is used to 
simulate: the battery work during discharging and 
charging it, the voltage change in a storage cell of 
the accumulator battery, pressure alarms, 
temperature sensors, analog pressure sensors, 
accumulator battery electric radiators, and also to 
generate an additional voltage of 30 V. 

 
Fig. 1 ABSB-100 and ABS Vertical frames 

ABSB simulators are located in a simulator 
block (SB) and partly in a control block (CB). 

Simulator block contains boards to simulate the 
pressure and temperature sensors. There are: 

¶ Six TSS-46 boards for temperature 
sensors simulation 

¶ Four TSS-110 boards for temperature 
sensors simulation  

¶ Three PSS BCCD (Battery Charge Control 
Device) boards for pressure sensors simulation 
which simulate 12 BCCD galvanic isolated analog 
pressure sensors. 

¶ Two PSS TU BCCD (Threshold Unit 
BCCD) boards for pressure sensors simulation 
which simulate 12 PU BCCD galvanic isolated 
analog pressure sensors. 
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Fig. 2. Simulator block 

 
Operation of sensor simulator is implemented 

via RS-485 by the CB controller. 
Besides printed circuit boards (PCB) of 

simulator block also some PCB of the control block 
which is designed to control and protect ABSB are 
set up (Fig. 3): 

¶ Pressure alarm simulator PAS; 

¶ Storage cell simulator SCS; 

¶ Three boards of Storage Cell Switch 
SCSW. 

While setting the boards the following actions 
have been conducted: 

1. Missing elements have been soldered. 
2. Inspection of board for controlling 

mounting correctness has been carried out. 
3. The board has been ringed out. 
4. The board has been powered. 
5. Microcontroller has been flashed. 
6. Equipment has been calibrated and tested 

in accordance with instructions. 
7.  

 
Fig. 3. Control block 

 
The whole setup process was documented. 

Each simulator has its own setting instructions. 
The calibration and testing mode consists in the 

following: 
To enter the calibration and testing mode it is 

necessary to perform ASCII code of 8 not less than 
5 times in any terminal program (Far Ÿ COM 
monitor). 

COM port settings: rate 38400 (bit/s), stop bits 
"1", there should be no flow control. 

Possible operations in this mode: 
1 - Measurement of the minimum value of the 

code; 
2 - Measurement of the maximum value of the 

code; 
3 - Calculation of the "K" and "B" coefficients;  
4 - Testing measurements according to 

received coefficients (coefficient of RAM); 

5 - Testing measurements according to 
received coefficients (coefficient of main memory); 

F - the request for saving the coefficients to the 
main memory; 

Q - the request for the output. 
After exiting the calibration mode of the 

simulator measuring part the self-test procedure 
automatically starts.  During this procedure the 
simulator parameters measurement, the output of 
measurement results on the screen with indicating 
the simulator required value and their differences 
are done. 

If necessary, it is possible to select preset 
resistors for the purpose to ensure the specified 
parameters. Particularly, for simulators of resistive 
temperature sensors SRTS the sensor resistance 
is set, and for simulators of analog pressure 
sensors SAPS ï the output voltage of the balanced 
bridge is set. 

ABS (Fig. 1) is a modernized ABSB vertical 
frame. Because of several types of ABS, it has 
been necessary to develop SCS boards (Fig. 4) of 
different types, which must have diverse precision 
simulation parameters for the simulators block. So 
as the simulation parameters are identical, a 
universal board has been developed, on which one 
can get the required characteristics for different 
simulated batteries by setting preset elements and 
changing software. However not entirely worked 
out constructive has led to great costs during 
setting these boards. 

In the boards for the ABS an automatic 
calibration mode, where the processor itself 
controls the DAC input code was developed. It also 
allows to test the channel operability (3 points for 
each channel). 

After the setup and calibration of PCB, alcohol 
cleaning of boards from the remnants of a rosin 
mixture, grease, dirt, dust and stray remnants of 
soldering was carried out. Then the exsiccated 
printed circuit boards were varnished to provide 
additional insulation and protection of board 
elements from the external environment. 

As a result, during the development of ABSB-
100 LI accumulator battery simulator block, 
disadvantages which have been founded in the 
boards for ABS, were taken into account. 

 
Fig. 4. SCS of ABS 
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INTRODUCTION 
 
Nowadays terrorism has become one of the 

most acute problems. 
To solve the problem is possible at the 

appropriate level of technology development 
allowing the state agencies to fight with the 
terrorism threat. 

We consider, screening equipment is the most 
effective today. 

Baggage scanning equipment implies complex 
technical aids being used for passengerôs and their 
luggage testing and ensuring so the safety of 
various institutions, public events and public 
transport. [1] 

The priority in the creation of baggage scanning 
equipment is a complex approach to solving this 
problem and therefore there is a wide range of 
devices, for example [2]: 

- metal detectors; 
- X-ray equipment and systems; 
- detectors of explosive vapors; 
- detectors of drugs; 
- detectors of timer units; 
- devices of radiation detection; 
- infrared TV monitoring systems; 
- endoscopes; 
- inspection mirrors. 
 

X-RAY SYSTEMS 
X-ray equipment and systems have got now 

widest application. [3] This type of equipment may 
be shown by a number of systems designed on 
different schemes. For example, there are 
installations using monoenergetic, multi-energy 
and back scattered radiation. [4] 

Detector blocks are built on a wide range of 
principles in this is action, for example, ionizations 
chambers, various types of scintillators, in 
particular, such promising as scintillating glass 
fiber. Geiger counters or special semiconductive 
diodes are also used. 

As mentioned above, it can be asserted, that in 
the nearest years the promising places for usage 
of X-ray screening equipment will be at different 
enterprises, places of public events and public 
accumulation (sport stadiums, theatres, concert 
halls, educational places) and obvious by the 
objects of customs check. Although even 
nowadays there is a tendency of supplying all big 
companies and institutions by similar systems. [5] 

From the technical point of view the 
development of X-rays baggage scanning 
equipment will mutually integrate with the systems 
based on other physical phenomena and 
automation of the testing process. 

 
RADIATION SAFETY 

At the passage of the inspection at the airport 
or at the customs people, in particular, and the 
staff may receive additional relief to natural 
background radiation exposure due to man-made 
radiation sources located in the inspection 
equipment. 

Therefore, the ensuring of radiation safety in 
the work of the X-ray inspection equipment is as 
important as the detection of prohibited items 
during the inspection. 

X-rays machines of baggage and goods 
examination have in their composition an intensive 
X-rays source with a maximum energy of 160 ï 
250keV. 

Consequently, similar machines under their 
correct usage are quite safety as for the personnel 
and for all inspected people. 

Besides of personal safety, people trouble 
about the safety of their luggage, especially the 
film safety under the impact of X-rays in the 
process of the inspection. 

More over the manufacturer provides the 
inspected equipment  the safety of the film 
materials in the luggage     

or in the inspected  shipment which is being 
used under the control of small doses and 
exposures. 
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EXPERIMENT 

In order to make the estimated analysis of 
possibilities of various systems for hidden object 
detection, an experimental research of internal 
structure of various objects has been fulfilled 
aiming to detect the simulators of the hidden 
enclosures inside the objects. The following 
equipment has been used for this purpose: 

- Portable x-ray apparatus Y.XPO 225; 
- Complex of digital radiography 

PHOSPHOMATIC; 
 - Portable roentgen - TV equipment NORKA.  
The transportation bag of the device NORKA 

filled with various subjects was used as the first 
object of testing. The bag was exposed by X-ray 
within 40 seconds, the current on a tube was 1 ʤɸ 
and the focal distance was 0,5 m. The anode 
voltage was raised with a step of 10 kV. As the 
detector, the phosphoric remembering plate 
PHOSPHOMATIC and the block of a television 
camera of NORKA were used. In the case of 
PHOSPHOMATIC usage, the most informative 
images were taken at anode tension of 50 kV. At 
the same time, for NORKA, the most informative 
images were received at tension of 90 kV. 

Another object of checking was a pair of used 
shoes, having a niche in one of the heels, in which 
a small bag with salt, simulating a hidden 
enclosure of drugs, was settled down. In the other 
shoe a microchip was hidden under itôs sole. This 
microchip could be used in the role of possible 
listening device (ñbugò).  

The roentgenogram received by means of the 
complex PHOSPHOMATIC, allows us not only to 
find out the latent enclosures, but also easily 
identify them. At the same time, using images 
received by means of NORKA it is difficult enough 
to identify latent enclosures, because only the 
presence of heterogeneity inside the object of 
testing was revealed. 

Also, the examining of metal plate having a 
welded joint was made both with NORKA and 
PHOSPHOMATIC, as an imitation of a welded 
connection at industrial inspection. 

 
CONCLUSION 

On the basis of the received data it seems to be 
possible to lead out conclusions that it is possible 
with high probability to use radiographic equipment 

both for the industrial nondestructive testing, and 
for customs purposes. In particular, the 
PHOSPHOMATIC complex has shown the results 
surpassing the quality of the image and 
detectability indexes of NORKA apparatus. But the 
main disadvantage of a radiographic complex is 
much lower productivity of monitoring procedure. 
So, during the inspection time for one object by 
means of PHOSPHOMATIC, one can carry out 
investigation from two to three objects by means of 
NORKA. Since the speed of examination is 
considered to be a very significant factor, hence 
the usage of PHOSPHOMATIC from the point of  
view of  customs testing is, in our opinion, 
inexpedient. 

At the same time, at carrying out nondestructive 
testing of industrial objects the primary factor is the 
quality of the testing procedure, and time indicators 
fade into the background. Therefore, it is 
necessary to apply the equipment giving the best 
sensitivity of the testing. So application of  NORKA 
for defect  revealing, for example in a welded joint, 
can lead to the bad quality control and a 
subsequent failure to operate of the testing object. 

Accordingly with this, the universal application 
of the equipment having even the similar structure 
or action of a device is not always possible. In 
particular, the use of NORKA for carrying out 
nondestructive testing of industrial objects 
becomes possible only with skilled operator who 
can achieve the maximum possible quality of 
testing and in the case of testing those objects 
which are not concerned to be especially crucial, or 
together with other methods of the NDT. 
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Detonation initiation in PETN by high current 
electron beam (HCEB) has been researched. It 
was shown that in contrast to laser radiation HCEB 
initiates detonation in compacted PETN samples 
with the uncovered surface. The uncovered 
surface of the sample means suppression of 
substance expansion from the irradiated region. 
The cause of distinction in processes in PETN 
under different types of irradiation has not been 
found. Two mechanisms of explosive 
decomposition in PETN under HCEB action were 
proposed. They are the electrical breakdown [1, 2] 
and exciton excitation [3, 4]. The first mechanism 
suggests explosive initiation from ñhot spotsò, and 
electrical breakdown channels make this ñhot 
spotsò. The electrical breakdown hypothesis is 
based on direct experimental results obtained in 
the research of physical and chemical processes 
[1, 2, 5, 6]. The experimental results obtained in 
[7 ï 9] show that the electrical breakdown occurs in 
passive (not endothermic) dielectrics under HCEB. 
Electron-hole excitation (conductive electrons, 
holes and exitons) occurring in PETN under HCEB 
irradiation is considered to be essential as well. It 
is obvious that to justify the ñelectrical breakdownò 
hypothesis we need to prove the existence of 
electric discharges in the PETN volume under 
subthreshold levels excitation. 

The purpose of the research is to obtain direct 
experimental proof for electrical breakdown in 
PETN monocrystals under HCEB irradiation and to 
determine the threshold for electric discharge 
initiation.  

To solve the problem we need to obtain data 
per one excitation pulse and separate different 
types of glow. 

 
Fig. 1 The scheme of PETN irradiation by electron 
beam: 1 is the sample (PETN), 2 is a vacuum 
chamber, 3 is an anode, 4 is a collimator aperture, 
5 is an aluminum foil 10 ɛm thick, 6 is a vacuum 
chamber window, 7 is metal rings, gaskets, 8 is the 
accelerator case  

The experimental scheme shown in Fig. 1 was 
used to separate the electric discharge glow 
against cathodoluminescence and explosive glow. 

The tested sample I with the cross section of (3 ï
 7) mm and (1.5 ï 2.0) ɛm thick was placed in a 
vacuum chamber 2 combined with the vacuum 
diode of the electron accelerator, and excited by 
electron beam through the hole in anode 3 and 
stop 4.  The aluminum foil (4 - 9) ɛm thick was 
applied to the irradiated PETN surface to localize 
the electric field in the region of HCEB 
deceleration. The electron source was a 
nanosecond electron accelerator which made high-
current pulse generator PVG-600 (maximum 
electron energy is 450 keV, maximum current is of 
3 kA, current pulse duration is 15 ns) by Arkadiev-
Marks scheme with the vacuum diode initiating 
high current [10]. HCEB energy density was varied 
in the range of (0.05 ï 75) J/cm

2
 by changing the 

cathode-anode gap, by the stop, and by changing 
the distance from the anode to the sample. It was 
determined by radiation-chemical method. High 
values for H were obtained in HCEB self-focusing 
[11]. They were found by the formation of the 
erosion spots on the metal surface differing in their 
sublimation temperature [9, 12] and calculated by 
the formulas in [13].  The glow in excitation of 
PETN by electron beam was shot through the 
chamber window by the digital camera SONY Ŭ500 
through the microscope MBC-10. In the region of 
HCEB deceleration, when the electron beam 
energy threshold density was ~ 0.1 J/cm 2 bright 
crystallographically oriented channels were found 
to be formed against cathodoluminescence. 
Streamers diverged at the angle of 60Á to one 

another and make the angles of 90Á and 30Á 
(Fig. 2). In some of the experiments streamer 
discharges developed beyond the irradiated region 
and were ñdrownò into the electron beam 
deceleration region. 

 
 Fig. 2 Integral photography glow streamer 

discharges initiated by the electron beam in a 
single crystal of PETN in the Hth ~ 0.5 J/cm

2
 

In PETN irradiation by electron beam with the 
energy density below the threshold the electric 
discharges are not initiated and we can observe 
pulse cathodoluminescence only. Streamer charge 
formation is followed by destruction of the 
irradiated PETN surface. The study of the 
monocrystals morphology by the microvizore 
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ɛVizo-101 made it possible to distinguish 
crystallographically oriented residual electrical 
breakdown channels located in the region of the 
electron beam path (Fig. 3). The shape of the 
discharge obtained after destruction is identical to 
the geometry of the discharge shape in glowing. 
Coincidence of electrical breakdown thresholds 
testifies to the electric discharge mechanism of 
samples fracture. The electric discharges were 
found to be initiated in the range of HCEB energy 
density (0.1 at 75.0 J/cm

2
). At H Ó 0.8 J/cm

2
 not 

complete (partial) explosion of the monocrystal can 
be observed. The part of the sample which failed to 
explode is expanded in the experimental chamber.  

 
Fig. 3 Images of the destruction of a single 

PETN crystal after single-pulse electron beam 
irradiation with the energy density Hth ~ 0.1 J/cm

2
. 

Plasma jet glow flash in it is expansion and 
interaction with the stop, destruction of the thin (10 
ɛm) aluminum foil, and sharp increase in pressure 
in the vacuum chamber testified to the sample 
explosion. As H increases in the range of (0.1 at 
75.0 J/cm

2
), the number of electrical breakdown 

channels, their sizes and glow brightness grow. 
The quantity of the reacted high-energy increases 
and the sizes of the expending fragments reduce 
from several millimeters to several microns. The 
analysis of the glow spectrum is different at 
different explosion stages.    
  The comparison of the experimental results for 
HCEB initiation of monocrystals and compacted 
PETN powders testify to sound distinction of 
chemical reactions in these samples. At H ~ 60 
J/cm

2
. 

Detonation and complete chemical transformation 
of the substance can be observed in compacted 
PETN powders. As to monocrystals the basic mass 
of the sample is dispersed and rejected in the 
experimental chamber even if the HCEB energy 
density is maximal (H å 75 J/cm

2
). 

  Thus, it has been found that in irradiation of 
PETN monocrystals by HCEB with the energy 
density Nth Ó 0.1 J/cm

2
 crystallographically 

oriented streamer discharges are found in the 
irradiated region. The results obtained confirm the 
model for PETN initiation by HCEB described in [2, 
5, 6]. Micro explosions occurring in the region of 
electric discharge localization result in 
monocrystals dispersion, gas-dynamic unloading of 
evaporation and chemical decomposition products 
in air, and as consequence, in expansion of the 
basic mass of not reacted substance. Self-
propagating of the chemical reaction beyond the 
HCEB path (detonation of the total high energy 
mass) can be observed for initially dispersed   
PETN compacted powders.  
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Energy saving become more and more 
significant, nowadays. In optical engineering the light 
emitting diode (LED) is considered to be the most 
efficient for energy economy. Itôs new high-tech light 
source. The main advantage of LED is their high 
luminous efficiency. Luminous efficiency shows how 
much energy is converted to light flux. For 
comparison, efficiency of incandescent lamps is 10-
15 lumens per watt (LPW), that of discharge 
fluorescent lamps is 40 - 80 LPW, and LEDs 
possess the efficiency of 70-130 LPW. However, the 
limit of luminous efficiency can be as high as 263 
LPW for white light, and scientists seek to achieve 
this limit. 

Currently produced LEDs are made from gallium 
nitride. Gallium nitride is used because its band gap 
is 3,4eV. This corresponds to the quant with the 
wavelength of 585nm. . If we consider the principle 
of doubling the resonance frequency of 
semiconductor, GaN LEDs can radiate in the 
ultraviolet range with the wavelength of 292nm. This 
fact makes it possible to create white LEDs with 
luminophore. If we use GaAs doped with 
phosphorus, we get LED with wavelength 590nm. 
This is what makes GaAs not appropriate for white 
LEDs creating. 

Our aim is to increase luminous efficiency and 
lights flux for white LEDs.To perform this  we are to 
solve two problems.  

 The first problem is high current through the p-n 
junction which increase heating in the 
semiconductor by the Joule-Lentz low. This process 
leads to destruction of semiconductors 
heterostructure and failure of a LED. Moreover, 
there occurs the ñeffect of bottleneckò. Bottom line of 
the effect is that current concentrate in narrow 
channel. This causes uneven heating and defects in 
the heterostructure. As a result, absorption 
increases, and the quantum yield and efficiency 
decrease.  

 Second problem is that GaN crystal grown 
on sapphire (Al2O3) only. Sapphire and gallium 
nitride possess different periods of the crystal lattice 
and thermal expansion coefficients. Therefore, the 
temperature change leads to crack formation in the 
junction of GaN and sapphire. This means that 
defects in the heterostructure can cause LED 
breaking.  

 

 
Fig. 1. Horizontal LED structure 
 
The luminous efficiency of the LED and light flux 

decrease, and in LEDs with the horizontal structure 
(Fig. 1) in particular. To solve the problem we can 
separate GaN LEDs from the sapphires substrate. 
The separation occurs by the formation of plasma 
and shock wave. The feature of plasma formation 
process is evaporation of material from the solid 
phase bypassing the liquid phase. Separation of 
GaN from sapphire substrates by irradiation of high 
power pulsed laser from the back side of the 
substrate is called as a laser lift-off technique (lift-
off). 

 
Fig. 2. Schematic overview of laser lift-off 

processing.      (a) Cross section.           (b) Band 
diagram. 

 
Laser lift-off processing is schematically 

illustrated in Fig. 2, where the band diagram is also 
illustrated. The high power ultraviolet pulsed laser is 
irradiated to the interfacial GaN from the backside of 
the sapphire substrate. The laser energy thermally 
decomposes the GaN by selective heating up, while 
the laser light is not absorbed in sapphire. The 
chemical reaction taking place at the interface can 
be expressed by 

 
2GaN(s) Ÿ 2Ga(l) + N2(g)                  

 
There have been a couple of reports on the 

thermal decomposition of GaN, in which nitrogen 
flux ʌ(N) from GaN under vacuum can be expressed 
by a following equation: 

 
ʌ(N) = N0exp(-Ea/kT)  (cm

-2
s

-1
)         



Section II: Instrument Making 

27 
 

where N0 is a constant, Ea is an activation energy 
for the   decomposition, k is the Boltzmann constant, 
and T is the absolute temperature.  

After the laser lift-off, the compressive stress in a 
GaN film mainly originated from the thermal is match 
between the GaN film and the sapphire substrate is 
relieved. The relieved stress and vaporization 
pressure of N2 formed by the decomposition of the 
interfacial GaN are the possible origins of the film 
failure as shown in Fig. 3. Thus, the choice of the 
laser is the most critical to set up the laser liftoff 
system since the decomposed area by the local heat 
up needs to be as thin as possible to reduce the 
vapor pressure of N2 and to avoid any damage to 
the crystal quality of the epitaxial film above. In 
addition, the area distribution of the laser power 
needs to be very uniform to achieve the laser lift- off 
of very thin GaN. 

 
Fig. 3. Mechanism of film failure after laser lift-off. 

Before (a) and  after (b) laser lift-off. 
 

This technology makes it possible to create LEDs 
with a vertical structure (Fig. 4). This type of the 
construction solves the problem of the ñbottleneck 
effectò. In this case metal could be used instead of 
sapphire to solve the problem of excess heating.  

 

Fig. 4. 
Vertical LED structure. 

 
This technology was realized in Research 

Institute of Atmospheric Optics, RAS SB. KrF 
excimer laser with the wavelength of 248 nm was 
used for start-up of plasma and shock wave. The 
excimer laser was used because of several reasons. 
The first reason is the maximum absorption 
properties of GaN crystal in UV spectrum range. The 
second reason is sapphireôs high bandwidth in UV 
spectrum range. The traditional ñCL 5000ò laser 
model possesses the pulse power from 2 to 8 mega 
Watt, the pulse duration is approximately 50 ns and 

plateau of the beam intensity distribution (Fig. 5). To 
accelerate the production process itôs important to 
create an uniform illumination in GaN crystal. The 
optimal pulse power is to be chosen. If pulse energy 
is exceed the required, the separation does not 
occur. The crystal is going to melt and crack up due 
to large quantity of plasma and strong shock wave. 

 
Fig. 5.  Plateau of the beam intensity distribution 
 
Another important factor is that lift-off process is 

to be realized by the single pulse. In case of a 
several pulses GaN crystal will heat to the melting 
temperature, the heterostructure of the LED will be 
damaged. As a result the lift-off process cannot be 
implemented. 

 
This method of LED production (Fig. 6) will make 

it possible to achieve the luminous efficiency about 
200 LPW without increase in its price. The luminous 
flux of more than 1000 lumens per one LED can be 
created. This is going to make  breakthrough in 
lighting. 

 
Fig. 6. Method of LED production. 
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Constantly increasing role of information 

technology in the modern world has objectively 
determined the relevance of the search for new 
approaches that improve information acquisition 
and processing [1]. In any digital signal processing 
system to use certain elements of the preliminary 
signal conversion is required. It is the main issue 
for its further digitization. These requirements are 
strongly marked in the sphere of the high-current 
electronics. 

The article describes a device which allows 
digitizing signals with the changeable amplitude. 

When there are large ranges of processed signal 
variations, we constantly need to adjust a prior 
signal conversion.  

Fig. 1 shows a simple block diagram of the 
device which allows carrying out the restructuring of 
the system when the input signal exceeds the 
threshold. The input signal is provided to the input 
voltage converter (VC). Here it is summed up with 
the constant voltage of positive polarity and definite 
value to exclude negative voltage at the ADC input.

Fig. 1. The block diagram of a digital signal processing: RV - Reference voltage; VC - Voltage converter; BS - 
Block of scaling; ADC ï Analog-to-digital converter; MC ï Microcontroller; PC ï Computer; DAC ï Digital-to-

Analog Converter.
From the voltage converter the signal comes to 

the input of the scaling block. The signal is 
multiplied by the scaling block transfer ratio to 
produce a signal with a level not exceeding the 
threshold voltage of the analog-to-digital converter 
(ADC). The microcontroller automatically stops the 
conversion process when the input voltage 
exceeds the threshold voltage of the ADC.  

Then, a digital code of the signal is processed 
in the microprocessor in accordance with a 
specified algorithm. The digital code processed by 
the microprocessor is supplied to the digital-to-
analog converter (DAC) input, where the output 
signal is represented in the form of a continuous 
analog signal.

Fig. 2. Digital signal processing block diagram with automatic tuning of parameters: RV - reference voltage, 
VC - voltage converter, BS - Block of scaling, ADC ï analog-to-digital converter, MC - microcontroller, PC - a 

computer, DAC ï Digital-to-Analog Converter.
 
Fig. 2 shows a block diagram of the device 

allowing us to carry out the retuning of scaling 
coefficients automatically. In the circuit two blocks 
of scaling amplifiers (BS) are used. The first input 
is supplied with the reference voltage and the 
second ï with the input signal. The microcontroller 
changes the scaling coefficients BM1 and BM2 
blocks due to the change of the digital 
potentiometer resistance. The signals from the 

BM1 and BM2 outputs come to the analog-digital 
converter input. 

 
The protection system is activated, and ADC 

shuts down and transfers the input signals to the 
high-impedance state automatically, when the ADC 
input voltage exceeds the threshold voltage (3.3V). 
The microcontroller adjusts the BM1 / 2 blocks 
transfer ratio by changing the digital potentiometer 
resistance after disabling the ADC. The processor 
re-starts the ADC conversion after adjusting the 
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scaling factor. Therefore, the level of the input ADC 
signal is controlled.  

Fig. 3 shows a schematic diagram of the device 
implementing the operating principle described 

above.  The microprocessor TMS320F28335 chip 
is used as a control block. To digitize an analog 
signal a 12-bit integrated ADC running at a speed 
of 12,5 MS / s with 16 multiplexed input is used [2].

Fig. 3. Schematic diagram of a digital signal processing system with automatic parameter adjustment 
constructed on the digital processor TMS320F28335 base.

 

 
Fig. 4. Digital processor TMS320F28335 algorithm. 
  
 
 

 
 
Fig. 4 shows the operation algorithm for the 
microprocessor implementing the automatic 
adjustment of scaling factors.  

 
Thus, the device presented in the article 

allows sampling analog signals by automatic 
adjustment of scaling factors for further processing. 
Furthermore, the device simplifies a problem of 
manufacturing digital signal processing.  

 This work was supported by the Ministry of 
Education and Science of the Russian 
Federation, State contract ˉ 7.586.2011 
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Tomsk is one of the oldest towns in Siberia 
founded in 1604. Until the revolution of 1917 
Tomsk was built mainly of wood. For example, in 
1810 the town had only 5 stone houses, and in 
1855 ï 45.  

 Wooden buildings in Tomsk are the unique 
world-wide cultural and historical phenomenon, 
because there are no cities in the world with so 
large, full-fledged artistic wooden buildings. 

The government of Tomsk identified on the map 
of the city the historical area of 1050 hectares. 
There are 200 wooden houses on this territory are 
officially referred to as the monuments of wooden 
architecture (18 federal, 98 regional and 84 "newly 
revealed "). 

All these buildings are united by the same 
construction material ï wood. It is exposed to 
physical, chemical and biological destruction. The 
change of properties significantly depends on the 
conditions rather than on the duration of the 
construction operation. 

The destruction of wood occurs for many 
reasons: the difference in temperature (outdoor 
and indoor air), precipitation in the form of rain and 
snow, wind, sun, etc. Insects and fungi cause the 
greatest damage to wooden houses. Primarily 
insects affect humid, porous timber and are found 
in the joints of logs, because these places 
accumulate a lot of water and are poorly 
ventilated. The main fractures are produced by 
larvae of adult insects, which use wood for their 
food.  

Mould is caused by microscopic fungi spores 
and affects primarily the wet wood. Mould can 
develop both in the coating and the wood 
itself. The growth of fungi occurs at moderate 
temperatures, presence of moisture and 
oxygen. Mould usually doesnôt do any harm for 
wood, but it creates conditions for the growth of 
other fungi. 

The blue rot is caused by microscopic spores of 
coloring fungi, which affect the sapwood of all 
timber. Blue rot, as a rule, attacks not only the 
surface layers of wood, but some deeper 
parts. Blue rot does not influence the structural 
strength of wood, but it is a favorable environment 
for other harmful microorganisms growth. 

Decay is the most dangerous damage of the 
wood. Affected by decay, wood loses its stress 
resistance and mechanical strength. The 
appearance of mold fungi and blue rot provokes 
the decay evolution. In wooden houses decay 
formation occurs under the influence of house 

fungi that can moisturize the wood by water arising 
during the decomposition of cellulose. Therefore, in 
a poorly ventilated area even dry wood is infected. 

Table 1 ï Favorable conditions for insects and 
fungi 

 
Temperature, 

Üʉ 
Humidity, % 

Insects 18-24 60-80 

Mould 20 >90 

Blue rot 25-28 35-80 

Decay 18-24 >25 

 
If wood starts rotting, the decayed part, most 

likely, is to be cut and disposed of. To avoid this, 
you need to make pre-treatment of wood at the 
initial stage of construction activities. But if you do 
not maintain a certain microclimate in the room, the 
house fungus can completely destroy the house for 
several years. 

As noted above, the primary causes of decay 
are the blue rot and mould; therefore, having 
created unfavorable conditions for their uprise, we 
can considerably reduce the risk of decay. Also we 
should remember that the optimal temperature of 
the air at homes for the humans shouldnôt be 
below +18 Ü C (in a corner room - not below +20 Ü 
C). In the cold season the optimum humidity is 45-
30%; in the warm season ï 60-30%. 

Table 1 shows that the optimum temperature 
for the timber, when the risk of blue rot and mold 
appearance decreases is 18-22ÜC (the risk of blue 
rot appearance decreases), and humidity ï 30-
45% (both the risk of mould and blue rot 
appearance is reduced simultaneously). When 
humidity is a little more than 30%, only blue rot can 
appear. And the risk of its occurrence in this case 
is very small (it will develop much more intensively 
if humidity is 60-80%). Moreover, the temperature 
of 18-22ÜC, which is optimal for a human, is not 
favorable for blue rot. 

Thus, we can say that the durability of wooden 
structures depends largely on the microclimate, 
namely temperature, humidity, and ventilation of 
the room. Keeping this in mind, there is a need of 
creation an automated system to monitor and 
maintain the basic parameters of microclimate. 

This system should contain the temperature 
and humidity sensors, humidifier, the air-
conditioning device and heat. If the parameters are 
deviated from the given ones, the necessary 
equipment will be switched and return the 
parameters to optimal values. 
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To determine the sensors placement location is 
necessary to make measurements of temperature 
and humidity in different parts of the premises, 
i.e. to identify the areas with the highest and lowest 
humidity, and warmest the coldest places in the 
house. The sensors should be placed there where 
humidity reaches the highest point, i.e. in these 
places mould and blue rot are most likely to 
appear. Air-conditioning device should be put in 
the same place. Accordingly, the heating device 
shall be located in the very cold place. Humidifier 
can be located in any place. 
Letôs consider the location of sensors on the 

example of the house number 31/1 in Tatarskaya 
Street. This house belongs to the monuments of 
wooden architecture of the Tatar village. Therefore, 
there is an actual problem to maintain a 
satisfactory state of the house, and extend the life 
time. 

After determining the locations with the highest 
humidity, the sensors are set in these places (Fig. 
1). 

 
Fig. 1 - Location of sensors in the house 

number 31/1 in Tatarskaya Street (squares -
 temperature sensors, points - humidity sensors) 
 

The sensors are also installed outside the 
house. This allows obtaining accurate information 
about the temperature and humidity in the street. 
The LT/LF type sensors, which measure 
temperature and humidity are used. A temperature 
sensor is a conventional thermistor (Fig. 2). The 
humidity sensor is a capacitor with dielectric; its 
dielectric constant depends on the humidity. These 
sensors may be connected together, therefore we 
can get information about humidity 
and temperature at once [1]. 

   
Fig. 2 ï LT type temperature Sensor 
 
The information from the sensors is transmitted 

to the measurement unit, which contains the 
analog-to-digital converter and the constant-
voltage unit. The measurement unit converts 
analog signals from sensors into digital form, and 
then transmits this code by the wire to the next 
block. You can connect up to 12 sensors to one 
block simultaneously. The blocks are connected in 
series and form a ring system of data transmission. 
From the last block output information is 
transferred to the personal computer (Fig.3).  

Monitoring of the information from the sensors 
is performed with the help of the computer by 
means of the special computer program 
çTemperature / Humidity DATA Loggerè.  

This program was developed by the German 
professor Harald Garrecht specially to visualize the 
results of measuring temperature and humidity [2].  

 

  
Fig. 3 ï Structure of measurement system 

 
This program was developed by the German 

professor Harald Garrecht specially to visualize the 
results of measuring temperature and humidity [2].  

Every sensor is given a peculiar name. For the 
sake of simplicity, its name involves the name of a 
measuring parameter, and location of the sensor. 
For example çLT Kellerè is a temperature sensor 
in the basement. 

This program gives information in a 
temperatureïtime and humidityïtime diagram 
(Fig. 4). It is possible to select specific sensors, 
and the readings will be displayed on the 
graph. For example, you can 
choose sensors located in the same room. 

 
Fig. 4 - Temperature and humidity changes in 

time in different parts of the premises 
 
T/H DATA Logger automatically saves all 

measured data to the hard drive. This allows to 
compare and contrast the readings obtained at 
different times, and to make a detailed schedule 
of climate changes. 

Thus, using this system we can get accurate 
data and maintain the optimum parameters of 
humidity and temperature for each part separately 
and for the whole house. This monitoring system 
makes possible to minimize the processes of wood 
destruction. 
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The purpose of the research is to take an up-to-
date look at laser welding technology currently 
being utilized. 

During the last decade a number of laser 
manufacturers in Europe and the USA have started 
producing laser welders, which are designed solely 
for a specific industry and application. This has 
made the technology more affordable and user 
friendly, and therefore contributed to a wider up 
take of the technology. 

The focus of this paper is predominantly on 
laser welding equipment that is affordable and 
applicable to the majority of manufacturers. The 
paper will discuss the types of lasers currently 
available, laser safety, laser applications and the 
advantages and disadvantages of lasers. 

In its basic form a laser produces intense light 
that can be focused to a precise spot, with enough 
energy to weld metals. The initial technical factors 
to consider when selecting a laser source are its 
Wavelength and Output Power. The wavelength of 
a laser effects how the beam will react with 
materials i.e. if the incorrect wavelength is used, 
the laser beam will just reflect off the surface and 
have no affect on the metal. To better understand 
wavelengths and where lasers fit in, we need to 
take a quick look at the electromagnetic spectrum:  
 
Fig. 1. Electromagnetic Spectrum. 

 
Nd:YAG: Refers to the type of crystal used in 

the laser, which produces a wavelength of 1064 
nm. This wavelength is just outside the visible 
range of our eyes (400nm to 700nm) so we are 
unable to see it. However, a laser with the 

wavelength of 1064 nm is effectively absorbed by 
conductive metals, making it ideal for welding. The 
output powers available for Nd:YAG lasers range 
typically from 30W to 800 W. Nd:YAG lasers are 
well established technology, and are currently the 
most popular for laser welding applications, which 
require small spot or seam welds with a few 
millimeters penetration depth. 

Due to the wavelength of Nd:YAG lasers being 
close to our eyes visible range, we can use the 
same optics to manipulate the laser beam, as for 
our own eyes. This benefit has resulted in a 
number of different Nd:YAG laser systems being 
available, for a range of applications. 

 
These systems can be categorized in the 

following three groups: 
 
1. Manual Laser Welding: These are usually 

complete systems with a small welding chamber 
where the operator holds the piece in their bare 
hands, or uses basic jigging. The operator 
positions the piece whilst looking through a 
microscope and then fires the laser via a foot 
peddle. They are ideal lasers for small volume 
production, and lower budgets. Most manual 
welders are classified as Class1 (the same as a 
DVD player), which means they require no 
additional safety precautions. 

 
2. Semi-Automatic and Fully Automatic Laser 

Welding: Semi-automatic and automatic laser 
welders with built in xyz motion and optional 
rotation axis are used for controlled seam welds, 
higher volume production and/or higher precision & 
repeatability. The piece is moved either by a 
remote joystick or automation software. Often 
these systems can also be used in the manual 
mode; however in these instances it is important to 
ensure the system has not compromised the 
ergonomics. Added features of these systems are 
the ability to do incline laser welding, and a visible 
red pointer laser to aid in automation setup. 
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Fig. 2. Semi-Automatic and Fully Automatic Laser 
Welding. 
 

3. Mobile Laser Welding: These lasers are fairly 
new to the market, and are used where the item to 
be welded is not easily moved i.e. for large tool 
and mould repairs. These systems are on wheels 
and the laser head is positioned on the end of a 
free moving or motorised arm, so you can take the 
laser to the work area. Inclined welding is possible 
on certain models. Due to the higher power 
requirements of the intended applications, these 
systems often require 3 phase power. 

 
Fig. 3. Mobile Laser Welding 

 
 
There are 3 main advantages most people 

consider when looking to invest in laser 
technology, which are as follows: 

1. Laser technology can allow you to do a 
process that no other technology can achieve. 

For example: 

¶ Welding complex alloys, or dissimilar alloys 

¶ Precise welding of small parts 

¶ Welding in close proximity to heat sensitive 
components 

¶ Repeatable welds 

¶ Clean hermetic seals 

¶ Solder free welds 

¶ Contact free welding 

¶ Welding complex structures 
 

2. Product improvements: 

¶ Stronger welds 

¶ More visually appealing welds. Consistent 
welds with no flux used. 

¶ Smaller heat-affected-zone, resulting in less 
distortion and less strain on neighboring 
components, increasing product life. 

¶ Competitive advantage 

 
3. Process improvements: 

¶ Reduced preparation time prior to laser 
welding i.e. no heat treatment 

¶ Faster welding process than alternative 
technology 

¶ Reduced post welding process i.e. no 
cleaning of the weld or grinding 

¶ Repeatable results from each operator 

¶ Easy for employees to be trained on and use, 
no specialized skills required 

¶ Less welding fumes in the process 

¶ Reduced running costs i.e. no expensive 
solders, non contact and no mechanical 
wearing parts. 

The main disadvantage is the Capital Cost. The 
cost of a laser welding system can start from just 
under $30000 and range up to $100000. This is 
less of an issue if the above advantages can be 
realised when manufacturing high value or high 
volume products. 

The other disadvantage is related to mobility. 
There have been recent developments in making 
lasers more mobile, however they are still not as 
mobile as MIG and TIG welders. 

Some people cite laser safety as a 
disadvantage; however for most applications there 
are now many laser systems that are correctly 
enclosed to meet Class1 classification. 
 

In conclusion it should be noted that laser 
welding continues to become more widely used in 
our world, and in a growing range of applications. 

Nd:YAG lasers are still the most popular choice 
in areas where small precise laser welds are 
needed. For applications that require larger welds 
and more brute force, CO2 lasers are the preferred 
choice. 

There is now a large range of Class1 enclosed 
laser welders available designed for a range of 
specific applications. These lasers are available as 
manual, semi-automatic and fully automatic 
systems. 

The main advantage of laser welding is that it 
enables you to produce a product or process that 
was not previously possible with other technology. 
Other advantages are centered on improved 
product quality and reduced process times. The 
competitive advantages gained from laser welding 
technology can be balanced against the 
disadvantages when realized for manufacturing 
high value or high volume products. 
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In this text we will describe only the bipolar 
transistor because this transistor is involved in 
our scientific research. The work of transistor is 
observed, and there is some information about it. 
From all types of transistors only one type, may 
rely on electric field for management of the form 
and conductance. This transistor is called a field-
electric transistor. For the best representation 
about this transistor we will consider its kinds. 
They are divided into the MOSFET, the JFET, the 
MESFET, HEMT, the MODFET, the IGBT, the 
FREDFET, the DNAFAD. The MOSFET is Metalï
OxideïSemiconductor Field-Effect Transistor, 
which consists of SiO2. The JFET is Junction 
Field-Effect Transistor, which uses the p-n 
transition. The MESFET is MetalïSemiconductor 
Field-Effect Transistor, which uses replacement 
p-n transition to the transistor Schottky with 
connection JFET. The MODFET is Modulation-
Doped Field Effect Transistor. IGBT is insulated-
Gate Bipolar Transistor. IGBT-devices are the 
compromise technical decision, allowed to unite 
advantages of bipolar (small power failure of a 
broach, and high pressure), and MOSFET-
transistors (low power of management, high 
speeds of switching). At the same time losses 
there grow proportionally to a current, instead of a 
current square, as in field transistors. This kind of 
the electric - field transistor will be considered in 
the practical part. The FREDFET is Fast Reverse 
or Fast Recovery Epitaxial Diode FET, which is 
needed for restitution of the characteristic of 
diode. [2, 4] 

In this research work there is a description of 
the power transistor switch with a package 
Simulink, a review of the power components of the 
library SimPowerSystem. It is necessary to look 
into this package and the library. Subsequently, we 
will simulate the system of a reactor. In this article 
we study the Simulink model of IGBT as an 
example. We have the initial data for the system to 
work. Now let us consider a better bipolar 
transistor with an isolated transistor and all its 
varieties. IGBT combines the advantages of two 
basic types of transistors: bipolar and field-isolated 
gate. IGBT combines a lot of advantages from 
these two transistors. The transistor with isolated-
gate has high input impedance, low control power. 
Bipolar transistor has a low residual stress in the 
incorporated state. [1] 

IGBT combines the advantages of two basic 
types of transistors: high input impedance, low 
control power from transistors with insulated gate 

low value of residual stress in the ON state-of 
bipolar transistors. In the IGBT there are positive 
attributes of BJTs and MOSFETs. BJTs have lower 
losses when open, especially in devices with high-
voltage block, but they have more time to switch, 
especially when you turn them off, while the 
MOSFETs can be switched on and off much faster, 
but their losses of conductivity in the open state 
are greater, especially in devices designed for 
higher voltage blocking. As a result, the IGBT has 
very good characterization. Namely, it has a high 
speed of switching and lower on-tate voltage drop. 
IGBT by itself has the characteristic of a bipolar 
transistor and relay output. It works and is 
controlled by voltage, as well as MOSFET. In the 
manufacture of the transistor it has a parasitic 
element, called a diode. This is a body diode, it 
reduces the performance of the transistor, so it is 
very careful when choosing the initial parameters. 
The other option reduces the parasitic transistor 
performance, which leads to overheating of the 
transistor. With this loss there is a breakdown of 
dynamic gate emitter. For better understanding of 
IGBT let us turn to the figure which shows 
graphical notation (Figure 1). [2, 3] 

 

 
 

Figure 1. Conditional graphical notation of IGBT-
transistor 

 
In our practical part, IGBT was presented on 

vie1w of the block from the gate, drain, drainage 
and access for indicating instrument. The 
indicating instrument is not used, the Simulink 
block, called the scope is used in the package. The 
scope shows the graph of the flow of electricity.  

 Take a closer look with the Simulink package 
in Matlab. Simulink is an interactive instrument for 
modeling, simulating and analysis of a dynamic 
system. It gives facilities to build graphic cell-
diagrams, to imitate dynamic systems, to research 
the functionality of systems and to perfect projects. 
Simulink contacts fully with Matlab, providing 
immediate access to wide specter of the 
instruments of analysis and projecting.  Besides 
the theoretical part, the research contains the 
practical part. It includes the research of the work 
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http://www.citizendia.org/JFET
http://www.citizendia.org/MESFET
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http://www.citizendia.org/DNA_field-effect_transistor
http://www.citizendia.org/FREDFET
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of the power transistor key with application of the 
packet Simulink.  

For the power transistor key we have IGBT 
module, and the necessary parameters for 
calculation. This practical part is used for studying 
of the packet Simulink. 

In my work we have analyzed sources of data, 
which are necessary for further work. Videlicet: the 
voltage source with internal resistance and 
inductance, the load of resistance and inductance, 
frequencies on wide impulse modulation and 
duration of impulses. As a result I get Closed 
circuit with module of IGBT. It includes voltage 
source, two consecutive RL circuits, IGBT module, 
scope, pulse generator, which is used for giving 
the control pulse, diode, which is used as a 
protective device, and ammeter, which is used for 
measuring current. Closed circuit with module of 
IGBT is shown in Figure 2. 
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Figure 2. Closed circuit with module of IGBT 
 

 
Figure 3. The sʩope 4 

 

 
Figure 4. The scope 6
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Nowadays emitting diodes (LEDs) are gaining 
application in different spheres of life:  all kinds of 
luminous advertising, interior and furniture design, 
architectural and landscape highlighting, vision 
panels, displays of large video screens, internal 
and external lighting of cars, road signs, traffic 
lights and etc. 

LEDs are widely used for lighting since their 
advantages over traditional light sources (LS) are 
absolutely obvious: service time of a LED is up to 
50 000 h.; its high light efficiency with the resonant-
mode power supply is 140 lm/W. 

Replacement of traditional lamps by LED is 
considered to be important due to the fact that 
LEDs are energy saving light sources. 

Nevertheless, economic characteristics of 
traditional light sources are still better [1]. 

The cost of a light energy unit (LEU) may be 
used to make the comparative analysis for different 
LS (to demonstrate the LS index) [2]. 

LEU costing can be calculated by the formula: 

G12=qĀɖv
-1

+CLSĀ (ʌĀŰ)
-1

, 
where q is the electricity rate [RUR/kWĀh], ɖv is 

LS of light efficiency [lm/W], CLS is the cost of LS 
[RUR], ʌ is LS luminous flux [klm], Ű is LS service 
time [h.].  
Table ˉ1 shows the characteristics of LEDs in 

comparison with luminaries produced by ñTegas 
Electricò, (Krasnodar, Russia) [3]. Data for a 
compact fluorescent lamp (CFL) produced by this 
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firm, incandescent lamp (IL) by ñElSferaò (Moscow, 
Russia) [4], high-pressure sodium arc lamp (SAL) 
by ñReflaxò (Moscow, Russia) [5], and a linear 
fluorescent lamp (LFL) by the Dutch firm ñPhilipsò 
[6] are presented for comparison. 

To choose a LED we need to know where it is 
going to be applied and the characteristics of the 
object to be illuminated. The parameters of the 
LED and alternative light sources are to be 
compared as well. 

The cost LEU for different LS varies. It is to be 
noted that five LEDs luminaries by ñTegas Electricò 

(not included into the Table) with equal parameters 
of P, ɖv, ʌ and Ű, differ in their highest and lowest 
prices (5330-4250=1080 RUR (26%)). The values 
for G12 (from 51.1 to 43.4) are found to be 
considerably different as well. 
The dependence of LEU on the light efficiency (the 
left axis) is plotted in Fig. 1; the right vertical axis 
shows the G12 values for LEU, the incandescent 
lamp with q=2 RUR/(kWĀh) is taken as a base 
measurement unit. 

 
Fig.1. Dependence of the cost for LEU (in absolute and relative units) on ɖv 

 
Table1. Cost of LEU G12 calculated for LEDs vs. traditional LS: incandescent lamp, compact lamp, linear fluorescent 

lamp, and high-pressure sodium arc lamp (fragment). 

Trade name of the LS (in 
italics), and lighting 

devices (LD) 

The main parameters: power, 
luminous flux, service life, etc.  

G12, RURĀ(MlmĀh)
-1

 with q, equal to 
(for USD it is by [7]) 

ʈ, 
W 

ʌ, 
klm 

Ű, 
th.h. 

ɖɜ, 
lm/W 

ʉLS, 
RUR 

2 RUR 
kWĀh 

3 RUR 
kWĀh 

$0,16 
kWĀh 

$0,12 
kWĀh 

LED pear-shaped,ɽ27; D60. 5 0.5 35 100 780 64.6 74.57 3.1 2.3 

LED pear-shaped,ɽ27;D60 6.5 0.8 35 123 950 50.2 58.30 2.4 1.8 

LED straight-sided.ɽ14;D65 5 0.5 35 100 750 62.9 72.86 3.0 2.3 

LED spot.ɽ14 4 0.3 35 75 530 77.1 90.5 3.8 2.9 

LED tubular-sh.G13;D26 6.5 1 35 154 566 29.2 35.7 1.6 1.2 

LED tubular-sh.G13/ɸ;D26 13 2 35 154 1050 28.0 34.5 1.5 1.3 

LED L-shaped G24. 7 1 35 143 700 34.0 41.0 1.8 1.4 

LED L-shaped ɽ40 50 4.5 35 90 4500 50.8 61.9 2.7 2 

LD square-sh. 4*600. 26 4 35 154 4250 43.4 49.9 2.1 1.6 

LD right-angled-sh. 2*1200. 26 4 35 154 4840 47.6 54.1 2.2 1.7 

LD right-angled-sh. 2*600. 13 2 35 154 2760 52.4 58.9 2.4 1.8 

LD right-angled-sh. 1*1200. 13 2 35 154 2400 47.3 53.8 2.2 1.7 

LD right-angled-sh. 2*1200. 26 4 35 154 4500 45.1 51.6 2.1 1.6 

LD right-angled-sh. 1*600. 6.5 1 35 154 1300 50.1 56.6 2.3 1.7 

LD right-angled-sh. 2*600. 13 2 35 154 2300 45.9 52.4 2.1 1.6 

LD round-sh.; D241/115. 7 0.7 35 100 1180 68.2 78.2 3.2 2.4 

LD L-shaped; 510/240/200. 100 9 35 90 5500 39.7 50.8 2.4 1.8 

LD L-shaped; 630/275/112. 120 13 35 108 11999 44.8 54.1 2.4 1.8 

LED module;6.5W. 6.5 1 35 154 580 29.6 36.1 1.6 1.2 

LED module; D54; 5W. 5 0.5 35 100 550 51.4 61.4 2.6 1.9 

LED module; 140/95/2. 50 4.5 35 90 1820 33.8 44.9 2.2 1.7 

IL general-purpose 60 0.7 1 12 6,6 175.8 259.2 13.6 10.2 

TL-D 36W/33-640;36W 2.5 2.5 12 69 51 30.5 44.9 2.4 1.8 

SAL-150 ɽ40 150 15 28 100 454 21.1 31.1 1.6 1.2 

CFL LDiʨ. ɽ27. 85 5.1 15 60 449 39.2 55.9 2.9 2.2 
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Conclusion 
The cost of LEU for LEDs is lower than that for 

incandescent lamps; however, it is noticeably 
higher than the cost of compact, linear fluorescent 
lamps, and high-pressure sodium arc lamps. If we 
take LEU cost for LEDs equal to one unit, the cost 
for an incandescent lamp is 3.7, for a linear 
fluorescent lamp it is 0.6, for a compact fluorescent 
lamp and high-pressure sodium arc lamp the cost 
is 0.8 and 0.4, respectively. 

No absolute superiority of LEDs over traditional 
LS can be observed. However, LEDs are being 
rapidly developed and in the near future they may 
become dominant. 

 
 
 
 

References 
1. Nikitin V.D., Krymov A.V., Kungs J.A., 

Myths and reality in questions of energy savings / / 
Proceedings of the XII All-Russian scientific and 
practical. conf. "Energy efficiency of life support 
systems." Krasnoyarsk: Izd. IEBC "Siberia", 2011, 
p. 129-131. 

2. Matyuschenko A.A., Nikitin V.D., 
Comparison of economic indicators lights / / Matt. 
Reports. VI Intern. light. conference. Kaliningrad, 
2006, p. 84-85. 

3. LLC ñTegas Electricò, e-mail: 
info@ekolamp.ru 

4. LLC ñElSferaò, http://www.elsfera.ru 
5. LLC ñReflaxò, http://www.reflux.ru 
6. Philips, site: www.philips.ru. 

http://blogs.pcmag.ru/node/258, tariff for electricity 
in the USA, 28.03.2008.

 
 
 

 
 
 

 

LASER DOPPLER VELOCITY AND LENGTH OF EXTENDED PRODUCTS 

AND METHODS OF SIGNAL FILTERING 

Yurutkina T.Y., Kuzma ɸ.ɸ. 

Linguistic advisor: Nakonechnaya M.E. 

Scientific advisors: Redko V.V. docent, Fedorov ɽ.ʄ. docent. 

Tomsk Polytechnic University, 30 Lenin Avenue, Tomsk, Russia, 634050 

E-mail: yurutkina.t@gmail.com

Accurate and reliable measurement of velocity 
and length of cables, wires and optical fibers is an 
important factor in improving the efficiency of 
manufacturing processes, cutting and commercial 
metering products in the cable industry. 

Traditionally used mechanical contact devices 
based on the measuring roller and track belts do 
not meet modern standards of accuracy, speed 
and reliability. Moreover, they have certain 
limitations of their application, e.g. for high 
temperature adhesives and deformable materials 
[1]. 

Nowadays different models of laser Doppler 
velocity and length (LDMS) are offered. Optical 
measuring instruments based on the raster 
analyzer and a CCD-camera (charge-coupled 
devices), which apply incoherent light sources, 
time-pulse and correlation meters, are not so 
widely spread. 

At present, the majority of Doppler meters are 
acquired abroad and due to the variety of 
expenses, in addition to the cost of the device, 
such purchase is considered to be fairly expensive. 
Therefore, the development and market 
introduction a Russian equivalent of LDMS is an 
urgent and viable issue. 

The main objective of this development is the 
creation of the instrument, whose technical and 
metrological characteristics are no inferior to 
national and foreign counterparts. 

All industrial LDMS are based on the differential 
optical scheme. According to this scheme, in the 
LDMS optical unit a laser beam is divided into two 
approximately equal power beams. These beams 
are then dimensionally spread. Two coherent 
beams that converge at a slight angle come out of 
the optical block. In the spatial zone of ray crossing 
the interference light lattice is formed on the 
objectôs surface. The passage through this area of 
the object causes the dispersion of laser light with 
a frequency which is not equal to the frequency of 
the incident light. According to the Doppler Effect, 
there is a dependence of the reflected wave 
frequency on the velocity of the object and 
knowing the light source wavelength we can 
calculate the velocity of the object. 

The laser beam separation technique in the 
optical unit has considerable importance. If the 
beam is divided by a semitransparent mirror, the 
meter does not determine the object travel 
direction. If the separation is performed by means 
of an acousto-optic modulator (Bragg cell), the 
meter is able to determine the direction of motion. 

Recognition of the direction of the cable on the 
production line is a significant advantage [2]. 

As a result of the Doppler Effect, laser radiation 
dissipated over the object is shifted in frequency 
proportional to its velocity. In the research work a 
semiconductor light-emitting diode is used as a 
light source. As a receiver a photodiode is applied. 
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In the first LDMS models gas lasers used as a 
radiator determined the large size and relatively 
high cost of the equipment. They were mainly used 
in the steel industry in terms of management 
systems, cutting control, and hot and cold rolling. 

At present, the transition to semiconductor 
lasers (PPL) allowed to bring down the cost of 
LDMS, reduce the size of the sensor and to 
increase its reliability. This, in its turn, made it 
possible to expand the scope of LDMS application 
radically [3]. 

The work done by the moment can be divided 
into several stages. At the initial stage of the 
project a mathematical model to estimate and 
calculate the basic characteristics of the optical 
system unit was developed. There were also 
constructed the plots showing the dependence 
of Doppler frequency of the scattered light on 
the velocity of the object, the wavelength of 
the laser beam and its incidence angle.  

In the basic case, the Doppler frequency can be 
found on the basis of the following formula (1). If 
interference bandwidth is: 

0

2sin
S

l

j
D = , (1) 

and band repetition frequency (2) is: 

V
F

S
=
D

, (2) 

the Doppler frequency (3) is given by: 

  

0

2 sin
,

V
F

j

l

Ö Ö
= (1) 

where F - the Doppler frequency; ɚ0 - the 
wavelength of the PPL; ű - angle of 
incidence relative to the normal. 

Having analyzed the data obtained from 
mathematical modeling, it was decided to use the 
high-speed diode with a wavelength of 600 nm and 
power of 210 mW, a photodiode with a cut off 
frequency of 10 MHz and to set the angle of 
incidence equal to 12Á. 

The next stage in the research was the 
creation of the experimental setup of the device, 
including optical design, electronic circuit simulator, 
and a moving object. The block diagram of the 
experimental setup is shown in Fig. 1. 

 
Fig.1 Block diagram of the experimental 

setup: 1 -  laser; 2 - prism-divider; 3 - photodiode; 4 
- a rotating disk; 5 - power-supply circuit; 6 -  
analysing and signal processing unit ; 7 - mirror; 8 -
 connecting wires; 9 -  ray path. 

At this development phase the experimental 
model assembling is being finished, the 
components are being rearranged, and, thereby, 
the signals received from the detector are being 
analyzed. 

Since the Doppler signal is a sequence of 
pulses with random amplitudes and moments of 
advent (phases), it is accompanied by the noise of 
the radiation source, a photo detector and the input 
amplifiers of the electronic processing system. As 
a result of the Doppler signal processing either 
static characteristics of the process or a signal 
proportional to the instantaneous values of speed 
will eventually be introduced. Doppler signal 
processing systems include spectrum analyzers, 
tracking filters, frequency demodulator with 
feedback frequency, as well as systems of discrete 
frequency measurements (countable pulse 
frequency demodulator). Due to the processing an 
analogue or digital signal proportional to the 
instantaneous values of speed is produced, which 
is later exposed to further transformations 
[4]. Since the basic information about the desired 
speed is contained in the high-frequency part of 
the signal, a band pass filter becomes an essential 
part regardless of the principle of the Doppler 
signal electronic processing system.  The purpose 
of a band pass filter is to suppress noise and photo 
detector constant component. 

The main objective of the research is to 
separate the Doppler frequency. At first, it is 
necessary to detect this component, and then treat 
the data obtained by means of a logical block. In 
the simplest case, a signal processing unit is a 
comparator operating at a Doppler frequency and 
organising the required TTL-level signal. The 
logical unit should be able to calculate the signal 
frequency received from the comparator, the 
velocity of the object and its length over a certain 
period of time. Finally, we get a new promising 
device in the sphere of automation/robotization. 
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Introduction  

The technique of digital colometric analysis 
(DCA) using optical sensors (optods) [1] is 
presented in the patent [2]. The dependence of 
optode color difference on the concentration of the 
substance being tested is used in the analysis. For 
defining  the  optode color coordinates and 
subsequent computer processing, the designing of 
hardware and software is required which makes it 
possible to carry out the substance concentration 
analysis not only in special laboratories, but in the 
field conditions.  

 
Main part 

The device developed is used for measuring 
the color of transparent polymeric optodes. 
Microprocessor analyzer includes the following 
blocks: 

a) gage unit with red-green-blue ( RGB) sensor 
[3]. This unit contains current to voltage 
transformer and four white Light Emitting Diodes 
(LEDs); 

b) AVR ATmega 128 microcontroller intended 
for LEDs turning on and off, digitizing the analog 
voltage and transferring code derived into the 
Personal Computer (PC) memory [4]; 

c) FT232RL chip providing analyzer and PC 
connection via USB interface [5]; 

Experimental analyzer prototype and control 
program front panel are shown in fig. 1 and 2. 

 

Fig. 1. Experimental prototype of analyzer 

For the analyzer in this scheme the AVR 
ATmega 128 microcontroller which houses 128 
kbyte EEPROM and 10-byte Analog-to-Digital 

Converter (ADC) of serial transformation was 
selected. This makes it possible to lower the cost 
of the device developed as compared with the 
prototypes (e.g. the evaluation board of MAZeT 
GmbH Company[3]).  

For controlling the measurement process and 
inputting the data into the PC memory with 
subsequent processing, the control program in the 
form of Virtual Instrument (VI) was developed 
(Fig.2).  

 

Fig. 2. Control program front panel 

This program is included into the software 
complex implementing the data processing and 
visualizing and the evaluating the substances 
concentrations defined [7]. 

 The device connection port is chosen in the 
ñVisa resource nameò inlay to connect analyzer 
with PC (e.g.  COM 1.), Fig.2.   
The ñread bufferò window is used for 

visualization of the information. In this window the 
accepted data in hexadecimal format are 
displayed. ñUrò, ñUgò and ñUbò indicators display 
the voltage level taken from gage unit for red, 
green and blue channels accepted from the 
measuring block. In ñRò, ñGò and ñBò windows the 
measured optode colours are presented in the 24-
bit RGB code.  

Analyzer and control program operates in the 
following sequence:  

- Initializing the control program interface in 
PC memory; 

- Calibrating the RGB sensor; 

- Setting-in  the optode investigated; 

- PC command to start measuring; 

- On receiving the PC command 
microcontroller generates the voltage for LEDs 
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glowing which enlighten the optode within the set 
time interval (20 ï 30 ms); 

- The light reflected from the base plate goes 
through optode. Then it gets on the RGB sensor 
and is transformed into red, green and blue 
channels photocurrent. 

- Operating amplifier transforms photocurrents 
into corresponding voltages (Ur, Ug and Ub). Then, 
they are digitized by a microcontrollerôs ADC. And 
the codes obtained are transmitted by an USB 
interface into control program housed in the PC 
memory where they are transformed into color 
coordinates (24-byte RGB ïcode). 

Since the measurement is performed only 
once, the microcontroller switches to stand-by 
mode and is waiting for the command to measure. 

The analyzer is supplied from +5 B via USB 
port permitting to be switched on to notebook and 
to eliminate searching for additional power supplies  
for operating the device developed. 

 
Implementation and prospects 

The device developed is intended for defining 
color coordinates of transparent optical sensors 
with consequent defining the quantity of the 
substance being analyzed by color scale.  

Using RGB sensors makes it possible to 
change-over from bulky and expensive measuring 
instruments to more compact and cheap 
instruments preserving their high metrological 
characteristics. 

This device can be applied in different fields of 
national economy, chemistry, and medicine, as 
well as helps organize express analysis in the field 
conditions. 
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The objective is to overview the material about 
new technologies welding used in the shipbuilding. 
Welding is defined as ña jumping process that 
produces coalescence of materials by heating 
them to the welding temperature, with or without 
the application of pressure alone, and with or 
without the use of filler metal. Modern  welding  
techniques  are  employed  in  the  construction  of  
numerous  products.  Ships, buildings, bridges are 
fabricated by  welding  processes.  Welding  is  
also  used  extensively  in  the  manufacture  of 
automobiles,  farm  equipments,  home  
appliances,  computer  components,  mining  
equipment. Hundreds of products we use in our 
daily life are also joined together by some type of 
welding processes. Before welding, ships were 
being constructed by using clinches. Currently 
there are many traditional technological methods 
used in shipbuilding:  

¶ Shielded Metal Arc Welding (SMAW). This 
method is also known as Manual Metal Arc 
Welding or Stick Welding.  An arc welding process 
in which coalescence of metals is produced by 
heat. The heat comes from an electric arc that is 
maintained between the tip of a covered electrode 
and the surface of the base metal in the joint being 
welded [2]. 

¶ Submerged Arc Welding (SAW). Submerged 
arc  welding is a  method in  which the  heat 
required to fuse the  metal  is  generated by an arc 
formed by an electric current passing between the 
welding wire and the workpiece. The tip of the 
welding wire, the arc, and the workpiece are 
covered by a layer of granulated mineral material 
known as submerged  arc welding flux [6]. 

¶ Gas Metal Arc Welding (GMAW).GMAW, by 
definition, is an arc welding process which 
produces the coalescence of metals by heating 
them with an arc between a continuously fed filler 
metal electrode and the work. The process uses 
shielding from an externally supplied gas to protect 
the molten weld pool [1].   

¶ Gas tungsten arc welding (GTAW). Gas 
Tungsten  Arc Welding (GTAW), also known as 
tungsten  inert  gas (TIG) welding  is a process that 
produces an electric arc maintained between a 
nonconsumable tungsten electrode and the part to 
be welded. The  heat-affected  zone,  the  molten  
metal  and  the  tungsten  electrode  are  all  
shielded  from atmospheric contamination by a 
blanket of inert gas fed through the GTAW torch 
[1]. 

¶ Oxyacetylene Welding (OAW). The  
oxyacetylene  welding  process  uses  a  
combination  of  oxygen  and  acetylene  gas  to  

provide  a  high temperature flame. When mixed 
together in correct proportions within a hand-held 
torch or blowpipe, a relatively hot flame is 
produced with a temperature of about 3,200 ęC [3]. 

Along with traditional methods new improved 
methods of welding have appeared nowadays. 
They are ceramic welding, robotic welding. 

Ceramic Welding. In recent years, especially for 
the shell plate of the vessels, ceramic welding is 
being started to be used as a welding  technique.  
The  welding  is  being  done  by  using  ceramic  
weld  backings.  X-ray  quality,  full penetration 
welds from one side and in a single pass can be 
achieved with this method. On the other hand, 
finished high quality weld and savings of labor, 
materials and time are also been achieved [1]. 
Weld backings can be used to compensate for 
poor fit-ups, and is valuable when welding 
conditions are not ideal or where the  back  side  of  
a  weld  joint  is  inaccessible.  In the ceramic  
welding the   welder  should  do  root  opening. 
Then  backing  is  applied  on  the  material  and  
welding  starts.  After  finishing  welding  process,  
ceramic backing should be removed. This method 
is applied for welding of the shell plates of the 
ships. High quality, full penetration, time and 
economical  savings  can  be  achieved  with  this  
method.  Therefore  the  delivery  times  of  the  
projects  are being shortened [5]. 

Robotic Welding. Robots  are  used  in  a  wide  
range  of  industrial  applications.  The  earliest  
applications  were  in  materials handling, spot 
welding, and spray painting. Although the 
automotive industry is the major user of robotic  
welding, the usage of robotic welding is also 
improving in the shipbuilding industry day by day. 
The two basic welding types in shipbuilding are 
spot welding and arc welding. Arc welding robot is 
one of the most common functions in industry 
today. During this process, electricity jumps from 
an electrode guided through the seam, to the metal 
product. This electric arc generates intense heat, 
enough to melt the metal at the joint. For the 
robotic arc welding system, much more controller 
is also required. The automated welding has 
begun improving upon manual welding in the 
industry due to increasing speed, quality and 
throughput. The shipbuilding industry is suitable for 
the robotic welding. The robot welding  automation  
is  much  safer  and  more  cost-effective.  The 
welding  can  be  done  completely  at  the 
unreachable areas. Due to the automation, the 
faults regarding human factors will not be come 
across with this method. 
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For the first time in the world the compact and 
intellectual welding robot which intuitively and 
automatically does welding works, was designed 
and developed. Robot beforehand knows which 
welding work itôs going to make. It knows what kind 
of features of welding construction itôs going to 
meet in the process, and after it defines these 
features through its sensors it starts welding 
according to the rules. The robot observes the 
whole welding process [2].  

In case of service (for example cleaning or 
changing the oil) process is being severed and 
robot automatically moves in the service position. 
Here the operator does the whole service. Then 
robot comes back to the position to renew the 
welding process. Thatôs why the use of robot 
needs the minimum of operatorôs preparation. It 
guarantees optimal work. One operator can work 
with 4 robots at the same time using the simple 
user interface. Have entered a new period, and 
have opened possibilities which seemed 
impossible only some years ago. Our European 
partners managed to establish new standards for 
application of the welding robot for the heavy 
industry by system engineering which isn't limited 
to classical rules and traditional technologies [1]. 

In understanding of all area of welding, 
çInrotechè has developed a product which 
combines high technologies and simplicity in work 
that moves the robotized technologies from experts 
for usual people. 

It became possible, not to endow flexibility and 
reliability, and to work even with the increase of 
these parameters. Automation in close places 
where access by means of welding robots didn't go 
right till now, now became possible with a compact 
and mobile robots çInrotechè. The robot 
completed with the welding device, the block of 
management and cables moves on a simple 
monorail through hatches. There are no more sick 
knees, back traumas and a welding smoke in 
lungs. The robot takes all pain up and all bad 
working conditions for operators now concerned to 
the past. Seldom robots were more salutatory 
among welders [4]. 

The expectation of a recoupment within one 
year meant that OSS, without fluctuating, invested 
in the project of automation with mobile welding 
robots though necessary indirect investments of 
the  manufacture have made almost half of the 
budget. 

Profitability improvement from Inrotech has 
given the Mobile robotized decision even more 

than it was supposed. Besides the  reduction of 
time of welding, there was a considerable 
improvement of internal logistics and a production 
cycle. Because of the innovative decision, it was 
possible for OSS to automate problems which 
were impossible earlier. Labor-consuming welding 
problems are made faster now, it is better and with 
smaller quantity of direct labors, than earlier [7]. 

The bulk ship Blocks of ballast tanks which 
represent a double bottom of the bulk ship, in the 
size about 32 ʭ 16 m., and consist of 48 closed 
premises in which there is an access only through 
hatches in the size of 60x80. Robotics systems get 
through these hatches, weld 90 % from total 
number of welding works. Robots turn from the 
platforms located on the end of each block of a 
vessel [1]. 

Today welding robots and ceramic welding are 
intensively used not only in shipbuilding industry; 
also itôs very effective in car-building, tank-building 
and other branches of industry. They are properly 
new, economically effective. Robotic  technology  
meets  quality,  cost  and  delivery  requirements  
and  also  offers flexibility in welding. Potential  
safety  hazards  associated  with  arc  welding  
include  arc  radiation,  air  contamination,  
electrical shock,  fire  and  explosion,  compressed  
gases,  and  other  hazards. Robots can replace 
humans in the performance of dangerous jobs and 
are considered beneficial for preventing industrial 
accidents. The welding robot is one of the most 
difficult mechanisms. Thereôs a row of companies 
manufacturing welding robots, for example 
Austrian IPSHandelsGmbH, Japanese FANUC 
CORPORATION, Kemppi, ESAB, LincolnElectric, 
ITS-engineering, etc.  
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1. Introduction. 
 

Iron-based alloy coating has been used widely due 
to its higher hardness and wear resistance, 
especially its lower cost compared to nickel-based 
and cobalt-based alloy coatings [1]. Nevertheless, 
traditional FeïCïCr alloy coating could not been 
used at elevated temperature for its bad wear 
resistance at this temperature. Therefore, the alloy 
elements, such as vanadium, niobium, tungsten 
and molybdenum were added into iron-based alloy 
powder in order to increase its wear resistance at 
elevated temperature, but the high cost could not 
be prevented [2] .  
The solubility of copper in austenite is relatively 
high, but its solubility in Ŭ-Fe is low. Depending on 
the copper content and heat treatment, the 
precipitation of the Ů-Cu occurs in ferritic and 
ferriticïaustenitic stainless steels [3]. The presence 
of the Ů-Cu in ferrite increases the hardness and 
wear resistance of ferrite steel. Unfortunately, the 
early work mainly focused on the utility of copper in 
the steel, little attention has so far been paid to the 
application of copper in the iron-based alloy 
coating deposited by plasma transferred arc 
process. Especially to the application of Rietveld 
refinement method in this coating has not been 
reported still now. The effects of different heat 
treatments on the iron-based alloy coating with 3 
wt.% copper have been conducted. It has been 
found that the highest hardness and the best 
sliding wear resistance could be obtained when the 
deposited coating was aged at 773 K for 35 h. In 
this paper, therefore, the detailed information 
about the effect of the heat treatment at 773 K for 
35 h on the microstructure and properties was 
investigated.            Moreover, in order to 
investigate the relationship between the ageing 
treatment and the phase contents, Rietveld 
refinement method was conducted to analyze X-
ray diffraction spectra.  
 

2. Experimental procedures. 
 The PTA process was performed using a L4-
400PC apparatus. The atomized iron-based alloy 
powder used in this experiment was spherical in 
shape with a size of 45ï105 ɛm, the chemical 
composition is given in Table 1. The substrate was 
200.35.20 mm3 annealed low carbon steel plate 
whose composition is listed in Table 1 and has not 
been preheated before PTA treatment. The 

substrate was rinsed with ethyl alcohol just before 
the PTA process. The 3 wt.% copper powder with 
a size of 50ï110 ɛm having a purity of over 99.5% 
was added into the iron-based alloy powder. 
Detailed PTA process conditions, as listed in Table 
2, were optimized in terms of dilution, surface 
hardness and deposition thickness after several 
experiments. Ageing treatment of the as-deposited 
coating was performed in a chamber furnace under 
argon atmosphere. The deposited coating was 
held at 773 K for 35 h and subsequently cooled to 
room temperature. The as-deposited and as-aged 
specimens for metallographic examination were 
first cut perpendicular to the coating surface with a 
wire cut machine. The cross-sections of the 
coatings were polished by mechanical procedures 
and were etched using nitromuriatic acid. Then the 
microstructures of the coatings were studied by 
means of optical microscope and SEM. 
Microhardness for the cross-section was 
conducted using a HV-1000 machine loaded at 0.1 
kgf. Sliding wear resistance was evaluated on a 
ring-block sliding wear machine loaded at 5 kg 
during the wear test. Weight loss was measured to 
within 0.01 mg and the average value for each 
specimen was calculated using three data.  
 

3. Results. 
 In the present work, the FeïCrïCïCu coating 
deposited by PTA process consists of Ŭ phase with 
b.c.c crystal structure, M23C6 with f.c.c crystal 
structure, and M7C3  with orthorhombic crystal 
structure. The ageing treatment at 773 K for 35 h 
leads to the precipitation of Ů-Cu particles. The Ů-
Cu particles with different sizes block the 
movements of the dislocations.  
Figs. 1 and 2 show the microhardness and wear 
resistance properties of the deposited coatings. It 
can be found that the microhardness and wear 
resistance for the as-aged coating are higher than 
those for as-deposited coating. The relative 
contents of the total Cr-rich carbides in the as-aged 
coating (28.7 wt.%) are higher than those in the 
asdeposited coating (22.8 wt.%). Meanwhile, as 
discussed above, Ů-Cu particles precipitated from 
the martensite matrix when the deposited coating 
was aged at 773 K for 35 h. Furthermore, the Ů-Cu 
particle blocks the movement of the dislocation, 
enhancing the strength of the as-aged coating. All 
these results are beneficial to increase the 
microhardness and the wear resistance.
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Fig. 1. Microhardness of the FeïCïCrïCu coatings 
 

 
Fig. 2. Sliding wear resistance of the FeïCrïCïCu 
coatings. 

4. Conclusion. 
(1) The ageing treatment at 773 K for 35 h leads to 
the precipitation of Ů-Cu particles. The Ů-Cu 
particles with different sizes block the movements 
of the dislocations. The relative contents of the 
total Cr-rich carbides increase from 22.8 wt.% to 
28.7 wt.%, but the relative content of the Ŭ phase 
decreases after the ageing treatment. 
(2) The ageing treatment at 773 K for 35 h can 
increase the microhardness and the sliding wear 

resistance of the FeïCrïCïCu coating deposited 
by PTA process. 
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Introduction 
Mathematical modeling opens wide 

perspectives for many areas of science and 
technology. For the first time it was used in nuclear 
and aerospace spheres. At present, mathematical 
modeling has penetrated into all branches of 

natural sciences and in the spheres of human 
activity, such as oil and gas production, transport, 
socio-economic sphere, medicine, etc. 

COMSOL Multiphysics is a powerful interactive 
environment for modeling and calculating the 
majority of scientific and engineering problems 
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based on differential equations in partial 
derivatives (PDE) finite element method. 

Main purpose of this work is to model the 
process of welding with a moving laser in 
COMSOL Multiphysics. 

 
       Modeling of process 
Laser beams are commonly used to heat locally 

the surface of various substrates, for example, in 
laser welding or thermal annealing such as on 
layered silicon devices. The laser beam typically 
moves over a surface periodically to produce the 
desired localized heating. In the case of layered 
silicon devices, each layer is very thin; making the 
modeling of the penetration depth caused by the 
moving laser a strongly time-dependent problem. 

 
Figure.1.A moving laser heats a thin silicon 

substrate 
The simplest example model, the localized 

transient heating, caused by a laser beam that 
moves in circles over a silicon substrate is 
considered. The beamôs penetration depth, which 
can be described with an absorption coefficient, 
depends on the ambient temperature. The 
geometry under study represents the top layer of a 
silicon device. The model examines the 
penetration depth and the influence of the laser 
motion on the transient temperature distribution. 

This model considers the laser beam as having 
an infinitesimal width and thus treats it as a line 
heat source. As such it is not meaningful to study 
the maximum temperature because it is mesh 
dependent. However, the overall heat flux and 
temperature distribution on a macroscopic level are 
both accurate. 

Model Definitions: 
The model simulates the substrate as a 3D 

object (fig 1) with these dimensions: 
Å  Thickness: 1 mm 
Å  Width: 10 mm-by-10 mm 
It handles the variation of laser intensity with 

penetration depth using a 1D geometry that 
represents the substrateôs thickness (fig. 2). 

 
Figure. 2. The 1D model geometry 

The model makes use of the Conduction 
application mode to describe the transient heat 
transfer in the 3D geometry. The transient energy-
transport equation for heat conduction is  
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where p is the density, pC
 is the specific heat 

capacity, k is the thermal conductivity tensor, and 

Q
 is the heat source term, which is here set to 

zero (this case models the source in a different 
way). 

The material properties are those of silicon, 

using an anisotropic conductivity of ( zzyyxx kkk ,,
) 

= (163, 163, 16) in units of W/(mÖK), a density of 
2330 kg/m3, and a specific heat capacity of  703 
J/(kgÖK). 

For the model, assume the boundaries are 
insulating. 

In the 1D geometry, this model uses the Weak 
Form, Subdomain application mode to model the 
laser penetration. In the equation describing the 
penetration 

.
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I represents the relative laser intensity (the 

variable in the Weak Form, Subdomain application 

mode), 'x represents the 1D coordinate, and absk
 

is the absorption coefficient. The absorption 
coefficient can be dependent on the temperature, 
and the expression used in this model is  
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The volumetric heat source term,
Q

, in the 3D 
geometry is then 

,IkPQ absin=
 

where inP
 is the total power of the incoming 

laser beam. 
Both of these equations are included in the 

Weak Form, Subdomain application mode; where 
they become one equation 
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The first part of this expression describes the 
penetration equation, and the second part comes 
from the heat-source term in the 3D Heat Transfer 
application mode. 

At the left boundary, homogeneous Neumann 
condition should be applied, and at the right 

boundary the relative intensity should be set I , to 

unity. The total incoming laser power, inP
, is 50 W. 

The model implements the heat sourceôs 
motion when coupling the 3D temperature variable,

T  to the 1D equation. It does so with a subdomain 
extrusion coupling variable using a general 
transformation. A time-dependent transformation 
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expression results in a moving heat source. This 
case describes a circular repeating motion using 
the transformation expressions  

,'),cos(),sin( xztRytRx === ww
 

where ,, yx and z correspond to the 3D 
coordinates, and x' represents the 1D coordinate. 

Furthermore, 2 is the radius of circular motion w 
is the angular velocity, and t is time. The model 

uses the parameter values R= 0.02 m and w = 
10 rad/s, the latter value corresponding to a period 
of roughly 0.628 s for the laser motion. 

This method - using a separate geometry and 
equation to model the source term - is very useful 
because it provides that term directly at the test-
function level. Furthermore, it models the source 
motion separately with the transformation 
expressions, making it simple to alter. It is indeed 
the best way to model a moving point or line 
source. The 3D model makes use of an extruded 
triangular mesh, which has a fine resolution close 
to the laser incident line and is coarse elsewhere. 
This results in a high-resolution solution with 
minimum computation requirements. The mesh 
results in around 10,000 elements and 6200 
degrees of freedom (fig 3). 

 
Figure. 3. The 3D mesh produced by extruding 

a 2D triangular mesh, refined along the circular 
laser incident line 

 
Results and Discussion 
Figure 4 depicts the temperature distribution at 

the laser-beam incident surface (fig 4).  
The figure clearly shows a hot spot where the 

laser beam is located at a specific time. 
Furthermore, the results show a cold side and a 
warm side next to the vertical line below the laser 
beam. The warm side represents the area where 
the beam has just swept through. 

After creating a simple model, it can be 
complicated and changed by various options. For 
example, you can change the trajectory of the laser 
welding, the ambient temperature. Then you can 
carry out experiments that are impossible in reality: 
to change the initial coefficients, experiment with 
the size of the laser and other characteristics. 
 

 
Figure. 4. Temperature distribution after 1 s of 

laser heating 
Finally, Figure 5 shows beam penetration into 

the substrate. The heating at the bottom of the 
substrate is practically zero (fig 5). 

 
Figure. 5. Relative laser-beam intensity as a 

function of sample depth 
 
Conclusion 
The modeling is based on deep and solid 

theoretical knowledge of the domain. Therefore, 
using Comsol Multiphisics requires a careful study 
of many mathematical methods for the realization 
to see visible results. Modeling is also very 
important for solving engineering problems, 
because it reduces development time and helps to 
avoid difficult or expensive experiments in the real 
life. 

As a result we have a model of welding process 
with a moving laser. The results will be used in the 
future ï in the development of more sophisticated 
models. 
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The input of the erection torque motor is 
supplied with the electric signal of direct and 
alternating current and on the output 
electromagnetic moment is obtained. Therefore, 
this motor is called electromechanical. 

Erection torque motors are often used as 
executive elements in modern automatics systems.  

The most widely spread erection torque motors 
are erection torque motors with permanent 
magnets. 

The operating principle of the electric motor is 
based on the interaction between current in a 
management winding and a field of a permanent 
magnet. The essential value of an erection torque 
motor with permanent magnets is comparatively 
small power consumption per torque unit, because 
basic magnetic flux is provided by permanent 
magnets. 

Electromagnetic erection torque motors 
operating in the blocked mode are widely used in 
instrument-making industry as elements of ñelectric 
springsò, correction devices and others. Along with 
the positive characteristics, e.g. proportionality of 
the developed torque from the current, there are 
also negative ones. Among the most important 
disadvantages are: (1) rather small working range 
of the angles of rotor and stator relative position 
and (2) small quantity of the developed torque. The 
first drawback is related to the structural features of 
the engine, the second is connected with the 
limited intensity of current in the winding. [1] 

Basic characteristics of erection torque motors 
include the dependence of the developed torque 
on the current and the connection of the torque 
and the angle of the relative rotor and stator 
position at the constant control current. [1] 

When creating a greater torque on the shaft, 
the current increase is restricted by the permitted 
overheat of the winding and its possible 
destruction. Various techniques of the windings 
cooling, especially forced ones, make the 
construction more complicated.[1] At the 
department of Precision Instrument-making the 
research work on the study of this type of engine is 
being conducted. The suggested construction of 
the engine can provide the required current within 
the specific parameters of the machine. Moreover, 
it enables to take the heat onto the engine body 
where it will dissipate into the environment. A new 
type of the active element (equivalent to stator 
windings) is used in such types of electric motors. 
A thin conducting tape winding is used as the 
basis. 

The basic motor characteristics obtained by the 
experiment are given below. Its active element 
(stator winding equivalent) is made of the 
conducting tape winding. 

To make the research a specific installation 
(Fig. 1) was developed. The setting includes 
erection torque motor model with the loading 
device, the power supply and the contact sensor, 
which allows defining the load torque overcoming 
by the engine. 

The model of the engine is mounted on the 
dielectric base so that there is a possibility to rotate 
its stator relative to a rotor. While conducting the 
research, the rotor must be set relative to the base; 
the latter is connected with the contact sensor 
functioning principle.[2] 

 

Fig. 1. Experimental installation 

To set the desired position of a stator relative to 
a rotor there is a scale on the base. When a stator 
is adjusted to the desired position it is firmly fixed 
to the base with the help of the clamping screws. 
The band winding located on the stator was 
constantly supplied with the direct current. The 
current was slowly changed from zero to the value 
when the contact sensor responds (i.e. 
overcoming of loading torque by the engine). The 
data were fixed and further used to determine the 
engine characteristics. While carrying out the 
experiment the current did not exceed 5 A. 

The construction of the engine model is 
presented in Fig. 2 and 3.  

Fig. 2 shows the technique of torque formation 
with the help of the calibrated load slung on a 
string through a block and connected with a rotor 
at the given arm. The loading torque is created by 
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an electric contact between a mobile part - rotor - 
and a base. 

 
 

Fig. 2. General view of the engine model 

The basic elements of the model are presented 
in Fig. 3, where 1 is a winding made from a 0,07 
mm thick aluminium tape and isolated by  paper on 
the one side. 

 
Fig. 3. Basic elements of the model 

The winding is done on the thin-walled 
anodized aluminium glass. There are 70 coils there 
and each coil includes 4 areas related to the pole 
pitch. In the winding tape there are 5 
supplementary lateral cuts per each pole pitch to 
obtain equal torque characteristics within the 
operating range of a rotor and stator relative 
position. Rotor magnetic system (2) consists of 
four pairs of permanent magnets made on the 
basis of rare-earth elements which are not 
sensitive to the degauss effect of current flowing 
on the anchor winding. The air-gap clearance is 20 
mm. The direction of the magnetic induction 
vectors equal in each case to 0,06 T takes turns at 
nearby magnets. The rotor suspension node (3) 
performed on ball bearings is taken from a serial 
electric drive.[2] 

The specified type of erection torque motor 
refers to electro-magnetic motors having linear 
dependence of a torque and current. This is 

confirmed by the experiment (Fig. 4.) In this case 
the rotor magnets were located in the center of the 
tape elements marked by the basic lateral cuts. 

 

Picture 4. Dependence of torque on current 

The linear dependence of the developed torque 
on current allowed obtaining the characteristics of 
torque distribution depending on the angle of the 
rotor and stator relative position when the current 
flowing through the winding equals 1 A. 

Fig. 5 presents the characteristic in relation to 
one coil of the winding. 
 

 

Picture 5. Torque distribution on the rotation angle 

The results of the experiment allowed us to 
obtain data about the parameters of the engine 
with a new type of the active element - stator band 
winding. 
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The torque motor is the electromechanical 
transformer, wherein the signal of mainly 
permanent current is given on the input. The 
output is the electromagnetic torque. The rotor of a 
torque motor is immovable or rotates with small 
rotation velocity in the operating mode [1]. The 
torque motors are widely used in different areas. 
They are used as the correcting devices in 
gyroscopes and accelerometers, as the stabilizing 
devices in the management systems of position of 
the antennas, the cameras, the solar batteries etc., 
as the elements of ñelectrical springsò in the 
systems of measuring and automatics. Nowadays 
the contactless torque motors with permanent 
current are widely used in the instrument making.  

Any electrical machine is assessed by two main 
parameters: the induction of magnetic flux in the air 
gap and the linear load [2]. A linear load is the 
necessary current in the given motor sizes. High-
coercivity permanent magnets provide sufficient 
magnitude of magnetic induction in the working 
gap. But this magnitude is relatively small. Working 
gap equals to several millimeters. The winding with 
the big quantity of coils can be placed to this 
working gap. Then, in spite of a little magnitude of 
magnetic induction, the necessary torque will be 
got on the motor shaft. Further torque increasing 
can be achieved by current increasing, flowing in 
the stator winding. However this may cause 
overheating and the destruction of stator winding, 
with bad heat sink from the windingôs conductors in 
the slots, which is limited by the slot insulation. The 
slot insulation of the electrical machine is a big 
thermal resistance. 

To solve described problem the necessity of 
creation a new active element of contactless motor 
arose. This active element must provide necessary 
linear load and possibility of relatively simple heat 
rejection on the motor case. The base of a new 
active element represents winding from the thin 
electroconductive tape. In this case the process of 
making the active element is simplified and the 
best cooling of the active element at the expense 
of increased surface is provided. 

The most heat-generating executive device is a 
torque motor, which is permanently working in the 
deferred condition. The great starting current flows 
in the winding of this motor. In the first place, a 
new type of an active element intends for torque 
motor, which is permanently working in the 
deferred condition. An active element realized in 
the form of a spirally wound electroconductive tape 
coated with a layer of insulation material. The 
similar method of tape utilization was realized in 

the pack elements of torque motor and linear motor 
[3, 4]. 
Letôs consider the construction of the torque 

motor, where an active element with tape winding 
is applied. The main elements of this motor are 
illustrated in figure 1 [5].  

 
 
Figure 1 The main elements of a torque motor 
1 - a multipolar permanent magnet;  
2 - a magnetic conductor;  
3 - a non-magnetic diaphragm; 
4 - an active element 
The rotor comprises a multipolar permanent 

magnet 1, which connects with a magnetic 
conductor 2 and with a non-magnetic diaphragm 3. 
The stator represents an active element 4 in the 
form of a spirally wound electroconductive tape 
coated with a layer of insulation material. At the 
side edges of the tape there are narrow transverse 
cuts arranged in turns at both edges. These cuts at 
each turn of the tape winding are above and under 
similar cuts on underlying and overlying layers. 
These cuts create side slots on a wound active 
element, besides, the distance between adjacent 
slots corresponds to a pole division of the magnet. 
A DC source connects to the ends of the wound 
tape [5]. 

The current consists of two components (fig. 2). 
There are Jn ï the longitudinal component, 
directed along the tape, and Jʦ ï the transversal 
component, directed across the tape. The direction 
of a transversal component coincides with the axis 
of a rotation of torque motor rotor. In the figure 2 
the magnetôs poles are showed as rectangles N 
and S. The interaction of transversal components 
of a current Jo with the magnetic field of the poles 
causes the forces F, which are acts on the 
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magnetic field source.  The total action of these 
forces causes the torque moment. This moment 
aspires turning the magnetic system relative of the 
winding tape. 

The main sources of heat, extracted with the 
current flowing will be places of the narrow spot of 
a tape, formed by cuts. These parts will cool at the 
expense of tape zones, where current density is 
not high, and the cooling surfaces have necessary 
sizes, and at the expense of heat rejection on the 
motor case. 

 
 
Figure 2 The fragment of an active element 

 
The real character of current flowing on the 

tape has more complex form (fig. 3). 

 
 

Figure 3 The character of current flowing on the 
tape 

 
In fact, dispersed current flows on the tape 

fragment. The character of its distribution 
describes by equations in the partial derivative.  
The application of COMSOL Multiphysics, which is 
based on the finite element method, allows 
receiving the decision of the task of the current 
flowing on the fragment of an aluminum tape. The 
value of current is equal to 10 Ampere. The 

fragment of a tape has the next sizes: length ï 
0.12 m, width ï 0.04 m and thickness ï   7Ŀ10

-4
 m. 

After integration of the current density components 
on the highlighted areas (fig. 4) and intermediate 
calculations was got that the linear load of a 
multilayer winding would have the magnitude close 
to the real values of electrical machines of low 
power.  

 
 
Figure 4 The character of subdividing the tape 

fragment on the areas of integration 
 
In addition, the temperature of the tape 

fragment heating with the prolonged current flow 
with value the 10 Ampere is not exceeded 70-800 
Üʉ. This allows to make a conclusion, that for 
increasing the linear load of the considered torque 
motor it's necessary to increase the operating 
current. 
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Introduction 
Mathematical methods in medicine is a 

combination of quantitative research methods and 
objects state and behavior analysis of the systems 
that are related to medicine and health care.  

These methods detect patterns characteristic of 
biomedical objects. They identify the similarities 
and differences between groups of objects, 
estimate their impact on a variety of external 
factors and evaluate the relationship between 
indicators. 

Analysis of a large number of health indicators 
is a very difficult and sometimes a painful process. 
In addition it is accompanied by large economic 
costs and time-consuming [1]. 

Problem statement 
The problem is the following: we have nine 

groups of children: 

¶ healthy children; 

¶ children with an aggravated genetic history 
(indicated  - genetics); 

¶ children without an aggravated genetic 
history (indicated - patients). 

Age: 0-12, 13-24, 25-36 (month).  
The following parameters were measured: 

complete blood count (CBC) and biochemistry. It is 
necessary to determine the relationship of 
indicators with the help of the pair correlation within 
each group. There are several ways to fulfill it. The 
most relevant is the construction of correlation 
matrices in the STATISTICA. 

STATISTICA is an integrated system of 
statistical analysis and data processing. 

STATISTICA works with four different types of 
documents which correspond to the major 
structural components of the system. 

They are: 

¶ a spreadsheet, which is designed for data 
input and conversion; 

¶ a spreadsheet to display Scrollsheet 
numerical and textual analysis; 

¶ a timetable; it is a document in a special 
graphical format for visualization and graphic 
representation of numerical information; 

¶ a report: it is a document in RTF (rich text 
format) to display textual and graphical information 
[2]. 

To solve this problem a preliminary analysis of 
raw data is required: 
verification of the groups homogeneity; 
 

¶ check of distribution normality. 

To determine the distribution normality and 
outliers observations a graphical way of box and 
whisker plot are used. In this case, the symmetry in 
the parameters sample means normal distribution.  
Whisker plot is determined by five variables: 

¶ median Q2; 

¶ quartile Q1; 

¶ quartile Q3; 

¶ the lowest value of the observations ï 
xmin; 

¶ the greatest value of the observations  ï 
xmax. 

These values are deposited on the real axis. Q1 
and Q3 define the boundaries of the box, which 
includes 50% cases, Q1 is the lower bound, Q3 is 
the upper bound.  

Then it is necessary to determine the location of 
Q2 in the box:  

¶ if the median is in the centre of the box, 
then the distribution will be symmetric; 

¶ if the median is in the right (upper) part of 
the box, then the distribution has left-handed 
asymmetry; 

¶ if the median is in the left (lower) part of 
the box, then the distribution has right-handed 
asymmetry. 

The presence of outliers in the sample is 
determined by the rate IQR=Q3ïQ1, where IQR is 
an interval scale. 

After that it is necessary to find out if the bound 
gets into the box. For this purpose, values 1.5IQR 
and 3IQR are determined. 

Values 1.5IQR and 3IQR are protracted from 
the bound Q1 to the left and from the bound Q3 to 
the right. 

Values 1.5IQR on the right of Q3 and on the left 
of  Q1 define the boundaries of the inner fence. 

Values 3IQR on the right of Q3 and on the left 
of Q1 define the boundaries of the outer fence.  

The observations, located between Q1 and 
1.5IQR are homogeneous. The observations, 
located between Q3 and 1.5IQR, are 
homogeneous too. 

The observations, located between the inner 
and outer fences are weak emissions. These 
observations should be additionally analyzed.  

Those observations that are beyond the outer 
fence are the outliers observations. These 
observations should be analyzed too [3]. 
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Fig.1. The outliers of the observations CBC 

(hemoglobin) 

 
 
Fig.2. The outliers of the observations CBC 

(platelets) 
The correlation analysis is an excellent 

analytical tool when it is implemented correctly. 
While learning to use this method, it is important to 
specify the problem being studied carefully, and 
the statistical methods being used.  

The correlation is the statistics that measures 
the linear relationship between two random 
variables or two sets of data. The values for 
correlations are known as correlation coefficients. 
The range of possible values for correlation 
coefficient is from -1.0 to +1.0. Numbers that are 
less than 0 represent a negative relationship 
between variables and numbers greater than 0 
represent a positive relationship.  

The correlation coefficient of Spearman is used 
for evaluation of the interconnection of indicators 
[4]. The correlation matrices are built in the 
software package STATISTICA. The most 
important correlation coefficients are highlighted by 
the red color. The significance is 05,0=a . 

 
 
Fig.3. Correlation matrix for indicators (CBC) of 

healthy children aged 0-12 months 

 
 
Fig.4. Correlation matrix for indicators 

(biochemistry) of healthy children aged 0-12 
months 

Conclusion 
As a result it was found out that there is a 

difference of correlations between groups of 
patients. 

By analysing the correlation between all the 
studied variables we observe that there is a strong 
correlation between the interconnections among 
the children at the ages of 0-12, 13-24, 25-36. The 
group aged from 13 to 24 months differs from the 
others. In addition, the correlation in figures of the 
children with an aggravated genetic history is 
severe for all ages. It suggests the genetic history 
is a factor that causes stress of the regulatory 
mechanisms. 

In general, the presence of pathology is a factor 
influencing the interconnection of indicators. This 
conclusion is based on comparing interconnection 
of indicators of healthy children and patients [5]. 
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Introduction 
The software package COMSOL Multiphysics 

(previously called FEMLAB) allows the user to 
simulate any physical processes. Their description 
is possible by using a system of differential 
equations in partial derivatives. 

The package provides users with 
comprehensive tools for modeling: model building, 
description of the physical process of mesh 
partition, simulation, and post processing of results 
[1]. 

Modeling 
This article is devoted to the modeling of the 

electrical system of the manôs cardiac tissue. This 
modeling is an important step in understanding the 
contractions and dilations in the heart. The heart 
produces rhythmic electrical pulses that are begun 
from a point known as the sinus node. The 
electrical pulses, in their turn, cause the 
mechanical contractions of muscles. In a healthy 
heart these electrical pulses die out, but a great 
number of heart diseases isrelated to a risk of re-
entry of the signals. This means the violation of 
the stability of pulses, a severe and acute condition 
which is often referred to arrhythmia [2]. 

During the medicine developing it has been 
shown that many important characteristics of 
electrical signal propagation in cardiac tissue can 
be reproduced by a class of equations that 
describe excitable media or materials consisting of 
elementary segments or cells with the following 
basic characteristics: 
Å  Well-defined rest state; 
Å  Threshold for excitation; 
Å  A diffusive-type coupling to its nearest neighbors. 

Excitable media is a rather general term, which 
is used for modeling of a number of different 
phenomena from the electrical signals in cardiac 
tissue including nerve pulses to the spreading of 
the forest fires and certain types of chemical 
reactions. One of the most important qualitative 
characteristics demonstrated by excitable media is 
the immediate damping out of signals below a 
certain threshold. On the other hand, signals 
exceeding this threshold propagate without 
damping [3]. 

The FitzHugh-Nagumo equations for excitable 
media describe the simplest physiological model 
with two variables, action potential (the activator 
variable) and gate variable (the inhibitor variable).  

In this heart model the activator variable 
corresponds to the electric potential, and the 
inhibitor is a variable that describes the voltage-

dependent probability of the pores in the 
membrane being open and ready to transmit ionic 
current. 

The equations are the following: 
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Here u1 is an action potential (the activator 
variable), and u2 is a gate variable (the inhibitor 
variable). The parameter Ŭ represents the 
threshold for excitation, Ů represents the 
excitability, and ɓ, ɔ, and ŭ are parameters that 
affect the rest state and dynamics of the system. 
The boundary conditions for u1 are insulating, 
using the suggestion that no current is flowing into 
or out of the heart. The initial condition defines an 
initial potential distribution u1 where one quadrant 
of the heart is at a constant, elevated potential V0, 
while the rest remains at zero. It is convenient to 
implement this initial distribution using the following 
logical expressions, where TRUE evaluates to 1 
and FALSE to 0: 
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Here d is equal to 10

ī5
, and it is included in the 

expressions to rise slightly up the elevated 
potential from the main axes [4]. 

A simplified geometry can be created using the 
drawing tools in COMSOL Multiphysics.  

The results presented here are intended only as 
a first rough estimate of the qualitative behavior. 
That is why the specialist can only expect how the 
system will show itself in these conditions. 
Consequently, higher-order elements, finer mesh 
and smaller relative and absolute tolerances give 
more correct simulation results. These refinements 
can require several hours of computing time to 
solve the equation, while the coarse model 
described here should be resolved within about 20 
minutes on a standard PC.  

To understand the processes occurring in the 
body it is necessary to deal with the electrical heart 
system.  First of all, cardiac muscle consists of four 
divisions. It is divided into two upper chambers 
(atria). From there the blood goes to the two lower 
chambers (ventricles), where it is pumped back 
into the lungs and other body parts. The role of the 
drummer in the heart carriesthe  control rate, called 
the sinus node (also known as: sinoatrial or SA 
node). It provides a well-coordinated work of all 
parts of the heart by passing weak electric signals. 
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Thus, the SA node triggers an electrical chain 
reaction that spreads to both atria, like waves on a 
smooth surface. 

The received three-dimensional model in Figure 
1 is a simplified model of the heart with the two 
upper chambers (atria) and two lower chambers 
(ventricles). To imagine a solution to the inner side, 
a quarter of the external shell of the heart and one 
of the surfaces of the chamber are presented in 
cross-section. 

 
Fig. 1.Three-dimensional geometric heartôs model  

 
After entering the data and expressions in the 

appropriate fields in the software package for this 
model for the complex equations of FitzHugh-
Nagumo a visual solution can be built. To get the 
visual solution it is necessary to press the Solve. In 
such a way we obtain three-dimensional model. In 
this model there is the spiral wave propagation 
(depending on time) starting from the cavity of the 
heart in the place where the sinus node of the 
man's heart is supposed to be. Further, the waves 
propagate to the lower chambers and decay in the 
periphery. 

 
Fig.  2-3. Solution of the FitzHugh-Nagumo 

equations at times t = 120 s (left plot) and t = 500 s 
(right plot) 

 
After a period of T = 95 seconds, the waves are 

formed again. There is the wave propagation in 
time 120 sec (Fig. 2) and 500 seconds (Fig. 3). 
The parameters used in the model along with the 
initial moment u1, lead to the re-wave, which, as 
seen from the graph, move the tissue without 

damping by special spiral pattern. To get more 
precise solution this software package allows 
changing mesh parameters of received model. At 
the same time it is not necessary to change any of 
the parameters in the geometric body. Obtaining a 
fine grid is possible due to the changes of mesh 
box parameters in settings in the software package 
Comsol. It is known that the building of the three-
dimensional models is based on the finite element 
method. It means that geometric body is a set of 
piecewise continuous linear functions defined by a 
finite number of parameters. Through appropriate 
selection of parameters, these functions satisfy the 
conditions of the equations approximately. Thus, 
there is an approximation to the exact solution 
(given more precise mesh in the mesh settings 
allows building more accurate model). 

Conclusion 
As a result of this work three-dimensional 

model of the heart muscle was created. For this 
purpose software package COMSOL 
Multiphysics3.5a version was mastered. Moreover, 
a lot of literature [4] about heart electrical system 
was learned for creating of this model and the finite 
element method was studied in detail and used 
during the model construction. 

Besides, creating of this more precise model 
can be useful in a medical sphere. For example, 
entering the human data in the description of such 
a model allows the physician to find out if the 
person has the predisposition to an arrhythmia. 
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Stroke, also known as a cerebrovascular 
accident (CVA) or a brain attack is a form of 
cardiovascular disease. It occurs when an artery or 
blood vessel supplying oxygen to the brain is either 
blocked by a clot or ruptures resulting in brain 
damage in the area of the event. Stroke has been 
described as a "a clinical syndrome characterized 
by rapidly developing clinical symptoms and/or 
signs of focal, and at times global, loss of cerebral 
function lasting more than 24 hours or leading to 
death with no apparent causes other than vascular 
origin." Stroke is the third leading cause of death 
and the leading cause of long-term disability. [2] 
Rehabilitation of patients after the brain injury 
requires employing of all available mechanisms of 
neuroplasticity. To achieve it, the voluntary 
activation of brain systems that are involved in the 
signal processing, represents the most effective 
tool. There are millions of people who care for 
stroke survivors and whose own lives are 
personally affected. The goal of rehabilitation is to 
enable an individual who has experienced a stroke 
to reach the highest possible level of 
independence and be as productive as possible. 
Because stroke survivors often have complex 
rehabilitation needs, progress and recovery are 
unique for each person. Although a majority of 
functional abilities may be restored soon after a 
stroke, recovery is an ongoing process. 

       One of the widespread types of 
rehabilitation is Biofeedback therapy. 

Biofeedback is the use of technology to give a 
person feedback on the current and on-going 
activity of various body systems, such as their own 
muscle tension, electrical activity in the brain, heart 
rate, and blood pressure.  Some type of visible, 
audible, or tactile sensation is given through a 
biofeedback device, in order to help the patient 
learn how to control these body systems and 
functions that are generally considered involuntary. 
This systematic review examines the effect of 
biofeedback more broadly in enhancing the 
training of motor skills after stroke. Unlike previous 
reviews, it includes clinical trials where any form of 
biofeedback was provided during the practice of 
the whole activity (rather than practice of part of 
the activity) and where outcomes were measured 
during the same activity. The focus is on activities 
involving the lower limb such as sitting, standing 
up, standing and walking, since independence in 
these activities has a significant influence on 
quality of life and ability to participate in activities of 
daily living. [3] 

            Biofeedback has been applied to many 
aspects of stroke rehabilitation, with mixed results. 
This is largely due to the varying modalities, 
differences between study designs, and methods 
of measuring success and progress. How well 
biofeedback works appears to be inversely related 
to the direct observability of the function about 
which information is being provided. The more 
covert the function (e.g., swallowing muscle 
activity, attention, cortical functioning, etc.), the 
more helpful biofeedback is likely to be. However, 
biofeedback in general can have a very positive 
impact, even through indirect means. 
Improvements in self confidence, shifting of locus 
of control, and instantly being provided information 
regarding changes in one's physical functioning as 
a result of mental activity can be helpful in setting 
the tone for success in rehabilitation more 
generally. 

One of the best ways to help in rehabilitation is 
using stabilometric platform.[4] 

 
Fig 1 - Stabilometric platform 

The stabilometric platform assesses in a 
reliable and objective way the posture and balance 
of patients both on static or wobble conditions. The 
exploration of the balance different sensorial inputs 
becomes possible thanks to rigorous measures. It 
is stabilotest platform is the thinnest (1cm) and the 
lightest (less than 4 kg) platform on the market. It 
also makes the difference with its frontline 
electronics and its measuring system of the forces 
within the axis of supports. With the assessment 
software Posturewin 2 you can analyse the 
patient's recordings and assess the situation of his 
posture and balance. Each session is recorded in 
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order to observe the evolution of the patient's 
state. 

Stabilometric platforms are usually a part of the 
automated system called computer posturography. 
They enable objective and reproducible evaluation 
of the balance. Computer program continuously 
records the data and displays them in a graphical 
form for the evaluation of movements of the gravity 
centre on the basis of its projection onto the plane 
of the supporting basis.  

The examined person stands on a rigid 
stepping square platform (420x420x15 mm ï Fig 
1). Projection of the gravity centre and its 
movements relative to the centre of the platform is 
monitored by four mechanic-electric sensors 
(tensometers), which support the platform. 
Electrical signal is digitalized, evaluated by special 
computer program and results are visualized on 
the monitor and recorded for future statistical 
evaluation. 

Evaluation of the balance dexterity is the first 
step before the training of balance skills. As the 
routine examination methods are aimed on the 
analysis of the vestibular apparatus impairments, a 
special sequence of tests was developed to study 
patients with brain impairment, aimed at the ability 
to shift and relocate the weight and gravity centre. 

 
Open eyes 
1 seg. = 1.0 mm   1 seg. = 0.2 mm/s 1 seg. = 

0.2 mm/s   

 
Closed eyes 
1 seg. = 1.0 mm   1 seg. = 0.2 mm/s 1 seg. = 

0.5 mm/s   

 Fig 2 - Graphical presentation of results from the 
test of stance. 

 
Stabilometric platform and its computer 

evaluates automatically some parameters (type of 

the trial, location of target points, length of the ideal 
trajectory, the length and speed of the real 
trajectory of the projection of the centre of gravity 
between target points) (Fig 2). As criteria of 
improvement two parameters were selected: the 
speed of movements of the projection of the centre 
of gravity and the accuracy of movements 
expressed by the ratio between the real and ideal 
trajectory. Numerical data from the evaluation are 
presented in the form of tables or they can be 
converted into the graphical charts. 

The presented methods of objective recording 
and evaluation of the balance skills and abilities of 
patients enables to assume modern approach in 
medial fields of kinesiology, which is traditionally 
based on the subjective evaluation only, however, 
in the era of evidence based medicine it will require 
the objective assessment of the patientôs status. 

The designed system, which employs visual 
biofeedback derived from a posturometric platform, 
allows also analysing theoretical questions of the 
mechanisms of balance disorders, the dynamics of 
the transfer of the learned memory trace from the 
declarative to procedural memory, and the role of 
rehabilitation techniques in the process of 
recovery. The system will help to classify balance 
disorders, to measure the dynamic of their 
improvement during rehabilitation and to use this 
data for the prognostic purposes. 
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It is an open secret that in last decade the 
development and implementation of IT in our lives 
increased impressively. The medicine is not an 
exception. Health information technology (HIT) can 
be the real power when creating a convenient 
system that could make doctors work more 
efficient. But the thing is that even though this 
gives a chance to get to a new level in health care, 
the effective use of HIT depends on managing 
changes as much as it does on information 
management [1].  And health care has never been 
a sphere that could accept changes easily. The 
only way to succeed is to make a well-structured 
system with the most friendly graphical user 
interface (GUI) and clear visualization. The first 
condition is improved with the application of 
standards (ISO 13606) but the solution for an 
efficient clear visual layout is still being 
investigated. 

The research deals with a concept of visualizing 
electronic health records (EHR). EHR is an in-
patient card in digital format. EHRs can include a 
range of data: medical history, medication and 
allergies, previous visits to the 
physician, immunization status, laboratory test 
results, some personal information such as age, 
weight, billing information and so on. Each patient 
has its own medical history, each disease has 
different symptoms, required tests, methods of 
treatment, time bounds and so on. That is why 
medical data is quite difficult to visualize and its 
versatility must be reproduced. Medical data 
should: 

- be well interpreted; 
- be structured by standards; 
- have clear interconnection. 
The idea is to use a sort of mind map as a 

method of visualization. A mind map is a diagram 
used to represent words, ideas, tasks or other 
items linked to and arranged around a central idea. 
Mind maps are used to generate, visualize, 
structure and classify ideas, and as an aid to 
studying and organizing information, making 
decisions. 

Mind map should give an ability to explore 
information about the patient in the convenient 
way. 

 
Fig.1. Mind map concept for HER 
 
This figure shows only the concept. The idea is 

to connect all the history of a patient to just one list, 
but with the possibility for physician to change 
parameters in the way it is necessary in specific 
situation. Each disease will have such parameters 
as: symptoms, test results, instituted therapy, and 
results of therapy. Also there should be a branch: 
present disease. It will show up only if the field 
ñResults of therapyò is not filled. 

The ISO 13606 data model can serve as a 
basis for a generic visualization method. To make 
such method generic and most efficient the 
knowledge concerning the presentation should be 
kept separate from the medical concept. Therefore, 
we introduce a visual medical concept that will 
complement the archetype layer with a 
presentation layer, separating medical knowledge 
from visualization knowledge.  

The visual medical concept has to meet the 
following requirements. It has to: 

1. confirm the requirements and constraints 
of a ISO 13606 reference model; 

2. contain information on the data to be 
visualized and on how to visualize the data; 

3. provide multiple device support;  
4. support different views on the same data; 
5. be stored separately from the visualized 

data; 
6. be platform independent. 
The visualization module that we develop within 

our project uses the visual medical concept. This 
allows to meet the requirements mentioned above.  
The visualization module that can work in parallel 
with all EHR systems that are already installed in 
the practices consists of two main logical parts. 
The first part is a designer that generates an 
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archetype based on visual medical concept in XML 
format. The designer enables the user to add 
customization data to the visual concept. The 
generated view definitions will be stored as 
separate files allowing to reuse and share visual 
concepts. The second part creates a presentation 
layer and displays the data to the user based on 
the visual structure and on the data from the EHR.  

The visual concepts can be combined into  
users` profiles ï sets of medical concepts with 
specific purposes (Figure 2). Doctors and patients 
with different needs will have the possibility to 
visualize different perspectives on the medical 
record. The presentation layer for doctor will 
provide a user-friendly data presentation using 
summary views and graphical charts. 

 
Fig.2. Hierarchy of medical abstracts 
 
For now this is only a project but prior to start its 

realization there are some questions that should 
be answered. First of all, the number of physicians 
who are ready to use the system should be 
counted since the realization could be very difficult 
and unprofitable. We think it is quite difficult to 
make changes in this sphere. The apparent 
certainty of the adoption of HIT needs to be 
constantly reexamined. There are some difficult 

questions left. One is whether the administration's 
current decentralized, market-based approach to 
promoting its spread will prove effectiveness in 
realizing the promise of HIT. The medicine 
informatics has actually not been developed yet in 
Russia. Therefore it is so difficult to talk about the 
implementation or even creation of this system. 

A second question is if this systems aim is 
simplification and convenience for physician won`t 
it cause carelessness or light-mindedness. Since 
there is always a risk that physician seeing all the 
chronic diseases will have a temptation to relate 
new symptoms to some already found diseases. 
But we think that using the mind map could do 
more good than harm. 
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The World Health Organization stresses that 
health technologies should be thoroughly 
evaluated prior to their widespread use. Thatôs why 
people need a system for assessing the external 
effects on a human body. For the convenience letôs 
examine a certain impact, for example, the source 
of such exposure is considered to be ultrasonic 
waves. Its negative impact is proven by 
experiments based on sampling. Our task is to 
assess ultrasound impact (or any other external 
impact) with the help of a non-invasive method. 

Ultrasonic waves cause not only mechanical 
distortion of DNA but also field one. This means 
that the genetic program may be crashed: 

distorting fields will form damaged tissues so that a 
healthy body is not able to develop using them. 
The proposed system would be able to assess and 
prevent any external impact on a human body. 

Although ultrasound is expensive, routine 
scanning is of doubtful usefulness, and the 
procedure has not yet been proved to be safe, this 
technology is widely used, and its use is increasing 
rapidly without control. 

In the living human body the set of the so-called 
ñessentialò variables can be specified. They are 
closely related to each other, so that significant 
changes in any of them sooner or later lead to 
significant changes in other variables. They can 
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describe the local physic-chemical properties of the 
organism internal environment (pH, temperature, 
concentration of various substances, etc.) and 
physical characteristics of the organism as a whole 
(stroke volume and heart rate, respiratory minute 
volume, peripheral vascular resistance and so on). 

Any change in parameters or structure that has 
happened in any system of the body, immediately 
applies to all the systems, causing changes in 
each of them. However, if this perturbation is not 
too large, the equilibrium of the system that existed 
before the disturbing factor, restores again, but will 
have some other values of the variables. 

Ultrasound screening during pregnancy is now 
in widespread use without sufficient evaluation. 
Research has demonstrated its effectiveness for 
certain complications of pregnancy, but the 
published material does not justify the routine use 
of ultrasound in pregnant women. There is also 
insufficient information with regard to the safety of 
ultrasound use during pregnancy. There is as yet 
no comprehensive, multidisciplinary assessment of 
ultrasound use during pregnancy, including: clinical 
effectiveness, psychosocial effects, ethical 
considerations, legal implications, cost benefit, and 
safety. 

To measure its effect and evaluate the process 
of adaptation we use the entropy criteria. 

Traditional methods for studying human 
adaptation characteristics allow estimating the 
dynamics of the individual parameters of the body. 
And under the influence of a large number of 
unaccounted factors variability in the parameters of 
ñnormalò, low accuracy non-invasive methods give 
reliable results only at significant gross deviations. 
As a rule, it is impossible to register the nature and 
tendency to change the state of the organism. 

To obtain quantitative characteristics of the 
adaptation process the entropy indicators of the 
bio-system have been introduced. This allows us to 
estimate absolute values of the physiological (or 
any other) characteristics of the state of the 
organism, and their tendency to change under the 
influence of external factors or conditions.  

 

 
Fig.1. Types of adaptation strategies: a) 

adaptive; b) compensatory; c) adaptive 
compensatory; d) maladaptive 

 

Information-entropy method is an example of 
the so-called external description of the state of 
large systems. This approach goes back to the 
ideas expressed by Aristotle, according to which 
the importance of a superior is more valuable than 
importance of its components. 

It is known that the entropy of living systems is 
a measure of the uncertainty distribution of the 
state of biological systems defined as: 

Ὄ ὖὢὭϽὰέὫὖὢὭ 

Where H - entropy; P(Xi) -  the probability of i 
state from the field X;  n - the number of states of 
the system. 

With equal probabilities the system is 
completely disorganized, because in any time it 
can change to any state (in this case the system 
has maximum entropy). Increasing order means an 
increase in the dependence of factors that 
determine the behavior of the system, which leads 
to predictability of its behavior. 

Adaptation mechanisms resist to an increase of 
entropy in the transition from normal to abnormal 
state. General adaptation syndrome mobilizes 
functional systems, which leads to an entropy 
decrease. Stress and depletion of regulatory 
mechanisms is accompanied by an increase in 
entropy. 

The entropy of the system can be determined 
by any structural or functional characteristics. 

An important characteristic of living systems is 
the conditional entropy, which characterizes the 
uncertainty distribution of the biological system 
with respect to the known (reference) distribution. 

The parameters of the reference system for bio-
system can be presented by variety of factors. One 
of them is environment variables. The measure of 
conditional entropy can be used to assess the 
evolution of living systems over time. In this case 
the reference distribution is the distribution of 
acceptance of the probability of a system of its 
state at some points in time. And if the number of 
states at the same time remains unchanged, the 
conditional entropy of the current distribution of P1 
relative to the reference distribution P2 is defined 
as: 

ὌὖρȾὖς ὖὢὭϽÌÏÇ ὖὢὭȾὖςὢὭ 

In general, changes of entropy accompany to 
all life processes and serve as one of the 
characteristics in biological phenomena analysis. 

Based on the above, we have to choose some 
parameters of the human body functioning. These 
parameters should indicate any external influence. 
They should be independent and perform the most 
important processes in human body. 

The following characteristics were chosen: 
heart rate (ECG), namely the distribution of R-R 
intervals over time, galvanic skin response (GSR) - 
the level of resistance of the skin at the site of 
impact and the level of blood filling identified with 
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the help of rheogram of the examined organ. Thus, 
pre-designed system block diagram is shown in 
Fig.2. 

 

 
Fig.2. Block diagram of the system 

 
The technical realization of such system will be 

presented as a device which takes bio-information 
from a person. Then it is processed by the 
software, and returns a verdict about the impact of 
an ultrasound on a human body. 

Thus, using this system it becomes possible to 
evaluate any kind of external impact on a human 
body: ultrasonic waves, electromagnetic field or 
just sudden alteration of weather conditions. 
Firstly, bio-information is taken from a body by 
means of ECG, GSR and rheogram. Then external 
impact influences the bio-object and bio-
information is taken for the second time to be 
processed and compared with the help of entropy 
criteria. After all we can see if there are any 
changes so that appropriable treatment can be 

applied. And if it is possible, try to avoid and 
prevent any of these explored influences.  

Since this system is only an idea, and no 
human studies were performed using this 
apparatus, the findings are just our assumption. 
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The main purpose of the information systems 
implementation in health protection is new 
information technologies creation at all levels of 
health protection management and new medical 
computer technologies improving the medical and 
preventive attendance quality and facilitating the 
main function of public health purposes realization 
(an increase expectation of peopleôs life).  

The first attempts of medical information 
systems introduction were made in the middle of 
1950-s in the United States of America. It was 
preceded by the invention of multi-purpose 
computers. ñMedinetò developed by General 
Electric was the first medical information system. 
After its introduction, the era of information 
technology in the area of medicine was evolving 
rapidly and spreading to other countries of the 

world. As a result a sheer number of companies-
developers of these information systems appeared 
on the market.  

 As for Russia, medical information systems are 
also rapidly developing in our country. There are 
thirty-seven existing medical information systems 
(Such as InfoMed, ñComputer Science in Siberiaò 
AIS ñPolyclinicò, ñHospitalò ñTonlaynò Medic + 
ñInfinityò ñHospialò ñTORINSò and many others) 
Seventy five percent of them are actively working 
and developing. Modern Medical Automated 
Information System is software and hardware, data 
and knowledge bases, designated for various 
processes automatization at preventive institutions. 
Introduction of information systems in health care 
institution suggests solution  for some difficult tasks 
such as creating a single information space and as 
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a result the quality improvement of keeping 
medical documentation, monitoring and quality 
control of medical care and as a consequence   
reducing the probability of medical error, increasing 
the transparency of activity  the health care 
institution, and economic aspects analysis of 
delivering medical care, it is necessary for 
commercial health care institutions. 

As for MIS prospects development, we can say 
that the development is moving in several 
directions. The Internet is one of the directions for 
the development. Using Internet technology staff 
will not need a special network for applications, 
and customers can get information about their 
medical records or general health information, 
irrespective of place where they are. Wireless 
technology is another direction for the 
development of MIS. It can be used for dropping 
the research results, serving as  
notebooks for patientsô admission, providing 
access to different directories. The speech 
recognition and handwriting technologies are also 
successfully developing in our days. They are 
necessary in the conditions when itôs impossible to 
make notes but writing at dictation is required (for 
example, in the operation room or radiology 
reports). Modern THPP- products convert speech 
to text files, these products include a new module - 
a dictionary of medical terms (more than 25000 
words), improving the quality of speech 
recognition, comprising medical terms.  
ñInterinò is one of the promising and established 
medical information systems on the Russian 
market. 

In 1994, the Program Systems Institute and the 
Medical Center of the Bank of Russia decided to 
develop an integrated distributed medical 
information system. 

Development of MIS became the basis for the 
new scientific field formation that is medical 
informatics. The laboratory was called INTERIN.  

Theoretical research and practical 
developments have led to the construction of MIS 
technology, that includes a set of tools, technology 
and techniques for creating of integrated 
information systems of preventive institution called 
" INTERIN technology." 

The first MIS created using the INTERIN 
technology, known as automated control systems 
of treatment and diagnostic process (INTERIN), 
was installed in the medical center of the Bank of 
Russia in 1996. Since that time, the system has 
been in production operation. All this time MIS 
development has been tracking in different modes. 
At the same time the methods and techniques of 
integration systems based on technology Interin 
with the  third-party software were practiced. 

One of the areas of application systems 
development based on technology Interin is an 
extension of their functionality. A basic version of 
MIS technology has been expanded by the 
following subsystems inclusion  : 

-Hospital; 
-Clinic; 
-Laboratory; 
-Dentistry; 
-HealthFood; 
-PACS; 
-Economics; 
-PersonnelDepartment; 
-Library. 
The major MIS "Interinò subsystems are presented 
in this article.  
The scope of the subsystem "hospital" is all the 
stages of treatment and diagnostic process in the 
hospital: taking care of patients in the hospital and 
their moving in it, as well as the maintenance of the 
diagnostic and treatment processes in the 
department of the hospital ward. 
Functionality of the subsystem "clinic" is to 
implement mechanisms for automating outpatient 
registration staff and clients of preventive 
institution, including maintenance of ambulatory 
patient records, appointments to being examined 
in the diagnostic units, creating a single patient 
database of preventive institution with a hospital.  

The subsystem "Dentistry" provides information 
support to the specialists of dental offices (for an 
outpatient and inpatient facilities). 

Scope of the subsystem "Personnel 
Department" - all under accounting staff (reception 
and dismissal, transfer of employees, making the 
calculation of staffing and employment, registration 
of sick leave and vacation), and the use of 
employee data in other sub-systems (MIS 
administrator, medical staff at the organization 
diagnostic and treatment process, as well as the 
management of medical records staff MPI). 

All sorts of information bits arisen in the process 
of medical institutions in the system INTERIN are 
presented in the form of special components. 
These are information objects with methods 
('create', 'show', 'edit' etc.). The mechanism of 
information objects is the basis for the functioning 
of a unified interface "desktop" (Fig. 1) and for the 
formation of typical workplace. 

 

 
Fig. 1. The physicianôs desktop in ISI INTERIN. 
 
"Desktop" is an organized set of objects the 

user is entitled to have access to. We can say 
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about these objects that they lie on the user's 
desktop. Not all objects are available to the user at 
this desktop. The interface based on the concept 
of "desktop" implements the regular analogy with 
paper documents work. 

Medical card on the desktop has a definite 
structure. It is a folder, sections of which are sets 
of documents of any type. Every document or 
folder is submitted in a form convenient for 
viewing. Medical card can also include some 
specialized medical records (dental, gynecological, 
health book, etc.) as well as journal entries 
Outpatient Clinics conducted on the patient 
ambulatory procedures. The subsystem provides 
the ability to view and analyze patient information 
in different views. 

 

 Fig. 2. The intensive care map of the patient in 
MIS INTERIN 
Properties of the MIS Interin allow to solve all 
medical application tasks. 
Currently the following products were developed: 
Interin PROMIS 2012 is open and integrated 
medical information system, 
Integration Gateway, Internet Registry, mobile 
workplace of doctor. 
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Introduction 
Powder metallurgy is a promising technological 

method that allows to obtain metal and ceramic 
products of various forms and purposes, to create 
entirely new materials, which are difficult to 
produce in other ways, and, in some cases, even 
impossible [1]. Urgent problem of powder 
technology is the activation of sintering process. 

Mechanical activation is a process of change 
energy state, physical and chemical properties of 
matter under the influence of mechanical forces 
during grinding. The application of powder 
mechanical activation of can significantly improve 
the efficiency of powder technology that is 
expected to increase the density of products, 
improve their physical and mechanical properties 
[2, 3]. 

The aim was to investigate the influence of 
mechanical activation of metal and ceramic 
powders on their physical and technological 
properties, sintering behavior and properties of 
sintered samples. 

Experiment 
We used ultrafine powders of 80 % Al2O3 ï 19 

% ZrO2 ï 1 % Y2O3, 95 % ZrO2 ï 5 % Y2O3 (mol. 
%). Mechanical activation of source powders was 
performed in energy-intensive planetary ball mill 
çActivator 2SLè. We determined bulk density, 
flowability, and particle size distribution of initial 
and treated powders. The powders were pressed 
in a rigid mold at a pressure of 200, 400, 600, 800 
MPa. 

Compacts were sintered at 1600
0
C in the high-

temperature resistance furnace. We determined 
the density, shrinkage of the samples after 
sintering, the investigated the microstructure, 
determined microhardness and elastic modulus by 
nanoindentation. 

Results 
Figure 1 shows the dependence of the 

compacted ceramic samples density on the 
processing mode in the activator and the 
compaction pressure.  

It is evident that the greater the frequency of 
grinding and compacting pressure of powders, the 
greater the density of the compacted ceramic 
samples. 

Figure 2 shows the dependence of the sintered 
ceramic samples density on the processing mode 
in the activator and the compaction pressure. 

Ceramic compacts sintering of activated 
powders resulted in a significant in density 

increase. Compacting pressure has little effect on 
the density. 

 

 
Fig. 1. The dependence of the compacted ceramic 

samples density on the compacting pressure 
 

 

 
Fig. 2. The dependence of the sintered ceramic 

samples density on the compacting pressure 
 

Figure 3 shows the microhardness dependence 
of ceramic samples on the mode of processing and 
compaction pressure.  
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Fig. 3. The dependence of ceramic samples 
microhardness on the compacting pressure 

 
One can see that microhardness of sintered 

ceramic samples is greater, if the frequency of 
grinding and the pressure of powder pressing. This 
is due, primarily, to the increase in of sintered 
samples density. 

Figure 4 shows microstructure of ceramic 
samples. 

 

 
a 

 
b 

Fig. 4. Photographs of ceramic samples 
microstructure sintered from ultrafine powders 

processed at 30 Hz for 20 min: a - of 80 % Al2O3 ï 
19 % ZrO2 ï 1 % Y2O3, b - of 95 % ZrO2 ï 5 % 

Y2O3 
 

The samples on the basis of Al2O3 have a 
pronounced two-phase structure in accordance 
with the phase diagram of Al2O3 - ZrO2. The dark 

component corresponds to the a-Al2O3, the color is 
due to partial recovery of aluminum from corundum 
and its subsequent evaporation. The light phase is 
represented by partially stabilized ZrO2.  The 
uneven distribution of ZrO2 around the corundum 
particles is due to locally inhomogeneous 
compaction. Such a mechanism of compaction is 
often observed during submicron powders 
sintering. 

Ceramics structure with the composition of 95 
% ZrO2 ï 5 % Y2O3 is also a two-phase: a light 
phase is represented by a-ZrO2; dark inclusions 
are t-ZrO2. 

Conclusion 
The processes of mechanical activation, 

molding and activated sintering of ceramic 
powders have been investigated. Particle size 
distribution of powders, bulk density, flowability, 
density of the compacts, the density of sintered 
samples, shrinkage, elastic modulus and 
microhardness of sintered samples were 
determined. The positive effect of mechanical 
activation on technological properties of powders 
was found. Mechanical activation of ceramic 
powders has resulted in a significant increase in 
the density and microhardness of sintered samples 
(up to 16 GPa). 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ 

ʌʎʇ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ 
ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè ʥʘ 2009 ï 2013 ʛʦʜʳ, 
ʧʨʦʝʢʪ ʅʂ ï 616ʇ(8), ɻʂ ˉ ʇ-920. 

Literature 
1. ɸʥʮʠʬʝʨʦʚ ɺ.ʅ., ɹʦʙʨʦʚ ɻ.ɺ. ʠ ʜʨ.; ʧʦʜ ʨʝʜ. 
ʄʠʪʠʥʘ ɹ.ʉ. ʇʦʨʦʰʢʦʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ ʠ 
ʥʘʧʳʣʸʥʥʳʝ ʧʦʢʨʳʪʠʷ. ʋʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ 
ʚʫʟʦʚ. ï ʄ.: ʄʝʪʘʣʣʫʨʛʠʷ, 1987. ï 792 ʩ. 
2. ʍʝʨʤʝʣʴ ɺ., ʂʠʡʙʘʢ ɹ., ʐʘʪʪ ɺ. ʠ ʜʨ.; ʧʦʜ 
ʨʝʜ. ʉʢʦʨʦʭʦʜʘ ɺ.ɺ. ʇʨʦʮʝʩʩʳ ʤʘʩʩʦʧʝʨʝʥʦʩʘ 
ʧʨʠ ʩʧʝʢʘʥʠʠ. ï ʂʠʝʚ: ʅʘʫʢʦʚʘ ɼʫʤʢʘ, 1987. ï 
152 ʩ. 
ʆʧʳʪ ʦʙʦʙʱʝʥʥʦʡ ʪʝʦʨʠʠ ʩʧʝʢʘʥʠʷ. ʇʦʜ 

ʨʝʜ. ɻ.ɺ. ʉʘʤʩʦʥʦʚʘ ʠ ʄ.ʄ. ʈʠʩʪʠʯʘ. ï ɹʝʣʛʨʘʜ: 
ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʛʨʫʧʧʘ ʧʦ ʠʟʫʯʝʥʠʶ ʩʧʝʢʘʥʠʷ, 
1974. 



Section VI: Material Science 

69 
 

ñSMARTò MATERIALS 

Bondarenko Y.A
1
,Ostrizhnya A.S.

2 

Scientific advisor: Zenin B.S., linguistic advisor: Shvalova G.V. 

National Research Tomsk Polytechnic University, 634050, Russia, Tomsk, Lenin av., 30 

E-mail: bondarenkoyana@yandex.ru 

Introduction 
A ñsmartò structure is a system that comprises 

of multifunctional parts that can sense, control, and 
actuate. It is a primeval analogue of a biological 
body. ñSmartò materials are the ones used for 
constructing these ñsmartò structures that can 
perform sensing as well as actuation functions. [1] 

Historically, in the first half of the twentieth 
century was the struggle of scientists to improve 
the quality of materials (for example, to improve 
the characteristics of metallic materials by 20-30% 
through achievement). We can see that the role of 
metals and alloys in the middle of the twentieth 
century, reaching a maximum. When this resource 
was exhausted? Scientists and researchers have 
turned to other materials whose properties could 
be successfully replaced by metals ïceramics, 
polymers, composite materials, the role of which 
increases during the last quarter of the twentieth 
century to the present day.  

It should be noted the emergence in the late 
twentieth century a large number of new materials. 
Materials science begins to use functional 
materials. We can assume that the functional 
materials are all materials that have certain 
properties and are intended to use under certain 
circumstance. These materials are nontraditional 
classical or structural. They included all the latest 
materials developed over the last ten ï twenty 
years. 

 There is a definite classification of materials: 
- construction material;  
 
- composite material;  
 
- functional material;  
 
-  intellectual material;  

The first three species studied in detail, and 
intellectual materials are new to science and 
engineering. Thus, the smart materials are 
considered the materials of the 21 ïst century. 
These materials are capable of responding to 
external stimuli, perform three functions: sensor, 
processor, and the executive. They perceive the 
environmental conditions, analyze their impact on 
the material and react accordingly. But now there 
is still no fully intelligent materials, there are only 
material capable of performing some functions 
prescribed to them. 
Types of ñsmartò materials 
The commonly encountered ñsmartò structures 

and materials can be categorized into three types: 
Ŀ ñSmartò Structures: This type is an integration 

of actuators, sensors, and a control system that 
imitates the biological body in doing several 

sought-after functions like self-repair of damages, 
synchronization with environmental variations, etc. 
Ŀ Single Phase Materials: This category 

includes several ferrous materials along with those 
with one or more huge anomalies related to phase-
transition phenomena. [2]. 

Composite Materials: Functional composites 
are normally designed to make use of non-
functional materials to improve functional materials 
or to blend many functional materials to develop a 
multifunctional composite. 

 Some natural materials are born to be ñsmart,ò 
such as piezoelectric, electrostrictive, and 
magnetostrictive materials, but they are far from 
satisfying the diversified needs of ñsmartò 
structures. Most natural materials also have limited 
amplitude in response and must be operated in a 
limited temperature range. One could, however, 
use chemical and mechanical engineering to 
create ñsmarterò materials and to tailor their 
properties for a particular ñsmartò structure design.  

 Applications of ñSmartò Materials 
There are many possibilities for such materials 

and structures in the manmade world. Engineering 
structures could operate at the very limit of their 
performance envelopes and to their structural limits 
without fear of exceeding either. These structures 
could also give maintenance engineers a full report 
on performance history, as well as the location of 
defects, whilst having the ability to counteract 
unwanted or potentially dangerous conditions such 
as excessive vibration, and affect self repair. [3]. 
ñSmartò Materials in Aerospace 
Some materials and structures can be termed 

ósensualô devices. These are structures that can 
sense their environment and generate data for use 
in health and usage monitoring systems (HUMS). 
To date the most well established application of 
HUMS are in the field of aerospace, in areas such 
as aircraft checking.                                                                                                  

  An aircraft constructed from a ósensual 
structureô could self-monitor its performance to a 
level beyond that of current data recording, and 
provide ground crews with enhanced health and 
usage monitoring. This would minimize the 
overheads associated with HUMS and allow such 
aircraft to fly for more hours before human 
intervention is required.   

Design principles and methods for creating 
smart materials 

"Smart" materials can change their 
characteristics and the shape and regulate the 
response to new conditions, in accordance with 
their level of change. As a result of a "smart" 
materials in materials science emerged the 



XVIII Modern Technique and Technologies 2012 

70 
 

concept of "learning" materials and "feel" of limiting 
situations. 

For the "smart" behavior of the material should 
be non-linearly varying properties.  

'Smart' materials based on: 
- Control of basic functions; 
- Optimization of properties by learning; 
- The presence of these sensors, which 

control the change of environmental factors; 
- Ability of material to analyze the situation 

that has arisen due to changes in the environment; 
- Ability to respond to the results of its own 

analysis of the environment. 
- 'Smart' ability provides composite materials 

to make up the components of shape memory 
alloys   with magnetic properties, fiber-optic 
sensors, piezoelectric sensors, electro rheological 
fluids and other elements that have multiple non-
linear variable characteristics. The production 
technology of "smart" materials based on the 
embedding of the above components in a polymer 
matrix One of the technology, to create "smart" 
materials by embedding them in the structure of 
the fiber-optic sensors. Such sensors can monitor 
the processes occurring during the formation of 
products from "smart" materials, as well as to 
monitor their condition during the operation and 
respond to changes occurring in them due to 
environmental influences. 

 
The presence of fiber-optic sensors in real-time 

information about the behavior of the product of                
"smart" material, and at an early stage to detect 
changes in its structure long before the 
appearance of irreversible deformation. 

However, the incorporation of these sensors is 
not lost on the structure and properties of the 

composite material, because the diameter of 
optical fibers on the order of magnitude or more 
greater than the diameter of the main reinforcing 
fibers in the material, giving rise to internal 
stresses in it. 

   
Conclusion. 
The field of ñsmartò materials and structures is 

interdisciplinary between science and technology 
and combines the knowledge of physics, 
mathematics, chemistry, computer science, and 
material, electrical, and mechanical engineering. It 
implements human creativity and innovative ideas 
to serve human society for such tasks as making a 
safer car, a more comfortable airplane, a self-
repair water pipe, etc. ñSmartò structures can help 
us to control the environment better and to 
increase the energy efficiency of devices.                                                                                        
In the future, with the help of miniaturized devices 
such as electromechanical devices, we expect to 
see structures that can be ñsmartò enough to 
communicate directly with the human brain. The 
development of supersensitive noses, ears, and 
eyes would enable us to smell more scents, hear 
beyond our frequency range, and see what we 
cannot normally see, such as the infrared 
spectrum. There are a lot of demands on ñsmartò 
structures, and the imagination of scientists is 
unlimited. We can expect to see smarter materials 
and structures being developed in the near future. 
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The development of modern technology and 
new synthetic materials enhances the range of 
cable products and the application of new 
materials in the manufacture of cable insulation. 
In order to meet the increasing reliability 
requirements to insulation new thermoplastic 
materials have been developed. The application 
of these thermoplastic materials covers the wide 
range of cables used in different branches of 
industry such as medicine, power, civil 

engineering, defence and automotive industries. 
Novel insulating materials have to provide such 
properties as durability, flexibility, wear, 
mechanical, and chemical resistance. Besides 
this materials must be weatherproof, not very 
expensive, having a higher level of flame 
retardance without significant degradation of 
physical and mechanical properties when 
compared to other compounds. Thus, these 
materials provide the benefits of traditional 
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materials without the tradeoffs commonly 
associated with use of the conventional 
materials. 

Materials used in different spheres influence 
virtually every segment of our everyday lives. 
Historically, materials have played a major role in 
the development of societies and the 
advancement of human life depends on the 
access to materials and the ability to produce 
and manipulate them. With time new techniques 
for producing materials that had properties 
superior were discovered. Furthermore, it was 
proved that the properties of a material could be 
altered by heat treatment and by adding other 
substances to produce a new material. Until 
recently, selecting a material involved choosing 
from number of familiar materials the one most 
appropriate for the intended application by virtue 
of its characteristic but without knowing much 
about its structure. Modern techniques such as 
x-ray diffraction, cone calorimetry, electron 
microscopy and scanning electron microscopy 
make possible to see further into the structure, 
which leads to improvement of materials 
properties. Thermoplastic elastomers have been 
developed as new generation materials that have 
replaced many materials in use. Recent global 
trends have significantly impacted the availability 
and pricing of these materials.  

A true insulator is a material that does not 
respond to an electric field and completely 
resists the flow of electric charge. Insulators 
used for high-voltage power transmission are 
made from glass, porcelain, or composite 
polymer materials. 

Composite insulators are less costly, lighter in 
weight, and have excellent hydrophobic 
capability. This combination makes them ideal 
for service in polluted areas. However, these 
materials do not yet have the long-term proven 
service life of glass and porcelain. Thermoplastic 
elastomers (TPE) are the most promising class 
of insulating materials in the modern cable 
industry.  Elastomer is a substance having to 
some extent the elastic properties of natural 
rubber. The term is sometimes used technically 
to distinguish synthetic rubbers and rubberlike 
plastics from natural rubber. 

The most important consideration is that of 
economics. TPEs have the ideal set of properties 
and are relatively cheap. The benefits of these 
materials have been well documented in the 
literature and demonstrated practically. Wide 
application of TPE is based on the number of 
advantages such as softness at a wide 
temperature range, elasticity and recoverability in 
comparison with other plastics. Polyurethane 
elastomers possessing unique physical-
mechanical properties play a vital role both in 
world industry and agriculture. Polyurethane 

elastomers are used instead of rubber, plastic 
and even some metals, that do not have such 
operational characteristics as this developed new 
material. Typical products range from tiny 
grommets to large sealing elements that 
withstand the most extreme environments where 
for instance high temperatures, pressures and 
aggressive chemicals combine to create a 
demanding environment. 

The properties of thermoplastic elastomers 
can be shown by the example of two trademarks 
that are the market leaders in cable insulation 
production: COGEGUMÈ GFR/365 (Solvay, 
Belgium) and Elastollan LP 9276 (BASF, 
Germany). 
CogegumÈ AFR series consists of polyolefin-

based halogen free flame redandant (HFFR) 
silane crosslinkable compounds (LS0H-FR) for 
wire and cable sheathing and insulation, 
improved by addition of a catalyst (Sioplas 
method). These materials contain a fire retardant 
system that contributes to give the cable self-
extinguish properties without halogenidric acids 
evolution together with low smoke emission. 
Special series COGEGUMÈ GFR/365 is mainly 
intended for oil and fuel resistant insulation and 
sheathing. Main applications refer to railway, oil 
industry, power cables, as well as photovoltaic 
and solar panel cables.  

The wide area of application is determined by 
the improved material properties, such as  

¶ wide working temperature rating (ï40 ÁC 
to 125 ÁC); 

¶ high wear and tear resistance; 

¶ high fire resistance; 

¶ resistance to hostile environments (such 
as weather impact, UV, alkaline and acid fluids); 

¶ good electrical properties (excellent 
electric conduction in hostile environments); 

¶ low toxicity (compound without halogen 
fire retardants); 

¶ high extrusion speed. 
Identical properties have thermoplastic 

polyurethanes (TPU) made on the basis of 
simple and complex polyesters. TPU are formed 
by the reaction of: (1) diisocyanates with short-
chain diols (so-called chain extenders) and (2) 
diisocyanates with long-chain bifunctional diols 
(known as polyols). The practically unlimited 
amount of possible combinations producible by 
varying the structure and/or molecular weight of 
the three reaction compounds allows for an 
enormous variety of different TPU. This allows 
urethane chemists to fine-tune the polymerôs 
structure to the desired final properties of the 
material. The currently available TPUs can be 
divided mainly in two groups, based on soft 
segment chemistry: 

¶ polyester-based TPUs (mainly derived 
from adipic acid esters); 
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¶ polyether-based TPUs (mainly based on 
tetrahydrofuran (THF) ethers).  

 TPU is known under the trade name 
ElastollanÈ. ElastollanÈ, as well as Cogegum È. 
These materials are used for cable operation at 
high and low temperatures in hostile 
environments under mechanical stress. 
However, there are some specific properties that 
distinguish these materials from similar 
materials. They offer such advantages as  

¶ resistance to hydrolysis; 

¶ resistance to microorganisms; 

¶ excellent abrasion resistance; 

¶ outstanding low-temperature 
performance; 

¶ excellent mechanical properties, 
combined with a rubber-like elasticity; 

¶ high shear strength; 

¶ good oil and grease resistance. 
In other words, polyether-based TPU is used 

only in cases where excellent hydrolysis and 
microbial resistance is required, as well as in 
cases where extreme low temperature flexibility 
is important. 

In this regard, ElastollanÈ finds wide 
application in cable production for medical 
equipment, control systems, trailing and 
conducting cables for industrial robots and 
manipulators. Cable sheath made by Elastollan 
satisfy the highest requirements applicable to the 
protection of sensitive and expensive wire lines 
and control circuits. Because of this, it 
significantly increases their efficiency and 
reliability. Thus, downtime is reduced and 
equipment failure is minimized. 

At present, the domestic market of cable 
products is represented mainly by the following 
insulating materials as polyvinyl chloride (PVC) 
plastic, rubber, polyethylene, polypropylene and 
various compounds. Unfortunately, these 
materials do not possess the full range of 
properties inherent in thermoplastics. In most 
cases, each of them is mostly good only at 
certain application. For example, the rubber has 
a high flexibility, moisture resistance and oil 
resistance, but at high temperatures, sunlight 
and UV rays loses its properties. Although PVC 
plastic has high resistance to weathering, alkalis 
and acids it has low degree of elasticity and 
insulation. 

Currently thermoplastic elastomers attract the 
increased interest among world cable 
manufacturers, including the Russian 

manufacturers. It is caused by the material 
properties, as well as some technological 
aspects and the advantages that these materials 
offer to industry. On the one hand, these 
materials possess simplicity and high speed of 
engineering procedure for applying TPE vein, 
excellent performance and full utilization by 
recycling. On the other hand most Russian cable 
factories are not equipped with modern 
production lines of continuous vulcanization, 
preferring equipment for extrusion. It is to be 
noticed that, the production process of rubber 
compounds is difficult and environmentally-
unfriendly in terms of ecology.  

Thus, the best solution in terms of reliability, 
ecology, cost and wear resistance are 
thermoplastic elastomers. They are gradually 
gaining favour over traditional materials used for 
cable insulation as they can be soften and 
moulded into useful articles. Their flexibility, 
durability and high impact strength make it 
possible to use them in applications such as 
cable insulation where sudden loads can occur. 
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The problem of free surface effect on the 
ductility and fracture strength have received much 
attention nowadays. The free surface compared to 
the intergranular and interphase surfaces has the 
highest excess energy due to larger deviations of 
the constituent atoms from their position in the 
ideal lattice. The resulting surface tension creates 
special conditions for origination, motion and 
interaction of structural defects. 

In this paper we studied microhardness 
distribution over the sample surface of steel grade 
20 before and after carburization. 

Modifiable surface should be able to deform at 
a microscale level in order to delay origination of 
stress mesoconcentrators [1]. This is provided by 
origination of a cellular dislocation structure in the 
surface layers.  

The modified metalïfullerene layer thickness 
was adjusted by changing carburization time of 
steel grade 20 samples in the environment of 
petroleum pitch, according to the method 
developed in [2]. To determine the effect of the 
carburized layer thickness on the mechanical 
properties of steel grade 20, microï and 
macroindentation parameters were used.  

To determine stress points across the sample 
surface the microhardness measurement was 
made before and after chemical and heat 
treatment. To measure the microhardness five 
samples of the same thermochemical treatment 
were used. The results of microhardness 
measurement of steel grade 20 before and after 
chemical and heat treatment are listed in Table 1 
and shown in Figure 1. 

Hardness measurements were made as well all 
over the sample surface before and after 
carburization. The results of hardness 
measurements are shown in Figure 2. 

 
Figure 1 ð Change of microhardness vs. change 
of carburization time 
 

 
Table 1 ð The results of microhardness 

measurements 

Exposure 
time, 
hours 

Sample state 
Microhardn
ess, 
ʅɛ 

 

6 
No carburization 266,9 

With carburization 241,9 

8 
 

No carburization 287,1 

With carburization 276,7 

12 
No carburization 283,5 

With carburization 236,9 

 

 
Figure 2 ð Change of hardness vs. change of 
carburization time 

The graphs presented in Figures 1 and 2 show 
that microhardness and hardness of the samples 
obtained at different carburization times behave 
oppositely, thus pointing to the decisive role of the 
carburized layer in mechanical properties 
formation. From the graphs we can conclude that 
the optimum carburization time is 12 hours. 
Carburized layer obtained under these conditions 
possess greater ability to deform at a microscale 
level. It may be connected with formation of a 
cellular dislocation structure. 

It has been found earlier that metalïfullerene 
layer on the steel grade 20 surface obtained in 
petroleum pitch environment affects the corrosive 
characteristics [2]. Fullerene molecules have a 
closed ˊïshell with abundance of multiple bonds. 
They are able to accept electrons easily and 
reversibly without molecule denaturation. At the 
same time, Zakirnichnaya M.M. [3] has shown that 
fullerenes are mainly accumulated at the points of 
microdefects and dislocations, which may cause 
smoothing of stress microconcentrators all over the 
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surface sample during formation of fullerenes in 
the surface layer. This also results in decreasing 
corrosion activity. 

Dark areas on the diagrams obtained 
correspond to a local microhardness improvement. 
Stress distribution over the surface of steel grade 
20 can be inferred by the number of dark spots. 
From these diagrams it is clear that stress 
concentrators after carburization are smoothed 
resulting in increased corrosion resistance. 

The results are shown in Figures 3ï5.  

 
Figure 3 ð Microhardness distribution over the 

sample surface before and after chemical and heat 
treatment. Exposure time: 6 hours. 

 
Figure 4 ð Microhardness distribution over the 

sample surface before and after chemical and heat 
treatment. Exposure time: 8 hours. 

 
Figure 5 ð Microhardness distribution over the 

sample surface before and after chemical and heat 
treatment. Exposure time: 12 hours. 

The data obtained testify that this method is 
promising for industrial applications at the final 
stage of processing to improve operating 
characteristics of special-purpose products. 
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1. Introduction 
 
          We know that when testing mechanical 
properties of materials with ultrafine-grained (UFG) 
structure small-sized samples are used 
[1]. Fracture toughness is usually measured on 
samples with a chevron notch [2-5]. For UFG 
structure different methods of intensive plastic 
deformation are applied[6]. As experience shows,  
mechanical properties of the material significantly 
change. The main characteristic of elastic 
properties of the material is the Young's modulus 
E. However, there is little information about the 
value of Young's modulus for the materials in the 
state of UMP. In this connection, the problem of 
determining the Young's modulus of metals and 
alloys with UFG structure, the resulting 
deformation of the IPD is very important. In ISPMS 
RAS in the laboratory of physical mesomechanics 
and non-destructive methods of control (LFM and 
DCC) a method of determining Young's modulus 
directly in the fracture toughness tests on 
specimens with chevron notch in the UFG state 
has been develop. 
This paper describes the use of this method to 
determine the Young's modulus for technical 
titanium VT1-0 and VT6 alloy in the UFG state. 
 
2. Methodology of investigate and materials. 
 
Chevron notch is a narrow slit. , located 
symmetrically of the axis of the sample (Fig. 1). 
The boundary of a cut is given by a broken line 

with an angle a . When loading each half of the 

sample bends a certain value l. In other words, 
half of the sample can be considered as a 
rectangular beam, one end of which is fixed, but on 
the other end a certain load P is attached (Fig. 2).  
It is known that for a rectangular rod of length l, 
width b and thickness a, the relationship between 

the deflection force F and the magnitude of l is 

given by [6-8]                                           
3
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            (1) 

 
where E ï is Young's modulus of the material. 

 
 
 
Fig.1. Scheme of the sample with the chevron 
notch. The cross section of the sample in the plane 
of the chevron notch is shown below. 
 
Equation (1) is often used to determine the 
Young's modulus of structural materials 
[9,10].From equation (1) that 
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However, it is impossible to use the formula (2) for 
the sample with a chevron notch, since the length l 
(Fig. 1) from the border of the notch to the point of 
application of the load varies, increasing as we 
move to the sample edge. The equation (1)  shows 
that the change of l affects the results of the 
calculations. In the experiments, it is obvious that 
all points in the cross section of the sample at the 
place of the load shift to the same value of 

l. Therefore, the formula (1) can be conveniently 
represented as follows: 
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where l0 ï is the distance from the tip of the angle 
chevron to the point of the load application (Fig. 1) 
and k ï is correction factor to be determined. 
In ISPMS SB RAS and the NMC LFM this problem 
was solved using the theory of elasticity and 
strength of materials. For the coefficient k 
determination the equation is used: 
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Thus, the value of Young's modulus according to 
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the deflection of the sample with a half chevron 
notch is 

2
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(5) 
 
         The materials for the determination of 
Young's modulus were technical titanium and 
ultrafine-grained high-strength condition and VT6 
titanium alloy with UFG structure. Tests were 
performed on the machine type strain IME. Thus 
loading curves "load displacement" are 
observed. From the slope of the curve in the elastic 
stage of the loading a certain value corresponded 
to a certain load P offset points of load application 
to the ends of the sample with a chevron notch 

(see Fig. 1). It is obvious that the value of l is half 
the displacement of the ends of the sample with a 
chevron notch.  The samples had the following 
geometrical characteristics: a = 6 mm, b = 1,9 mm, 

l0 = 8 mm, a / 2 = 30 Ü , (cot (a / 2) = 31/2). For a 
given geometry, the value of the coefficient k in 
equations (4) and (5) was found to be k = 
2,054. Excluding the factor of k, by calculating, for 
example, by (2) and l = l0, we would get an 
incorrect value of Young's modulus, which turned 
out to be a factor of 2 smaller. 
 
For ultrafine state for titanium, VT1-0 was used in 
the developed ISPMS RAS method of intensive 
plastic deformation, including abc-compression 
and multi-pass rolling [9]. 
UFG VT6 state obtained using the full forging. 
 
3. Results 
 
           By formula (5), we calculated the Young's 
modulus for technical titanium VT1-0 and VT6 alloy 
in the UFG state. 
Previously developed method was tested on the 
example of the technical state of titanium in the 
supply, for which Young's modulus is known from 
the data sheet E = 110 GPa [10]. Microstructure of 
technical titanium VT1-0 consisted of equiaxed 

grains of a-phase with an average size of 15 
microns. Calculation by formula (5) gave a value of 
E = 110.99 GPa, which indicates the effectiveness 
of this method to determine the elastic modulus. 
            For technical titanium VT1-0 according to 
the load chart calculations by formula (5) give 
values in the range of E = 90 GPa. 
           Young's modulus of titanium VT6 in the 
initial state is approxmately Ein = 115 GPa [11]. 

According to the equation (5) we obtain the value 
of E = 98.6 GPa. 
         
4. Conclusion 
 The calculations showed that the values of E for 
UFG materials are less than for the coarse 
material. The difference seems to be due to the 
fact that in the defective material, which is the 
material after intensive plastic deformation, 
Young's modulus of the general considerations 
must always be less than in defect-free material, 
that is, in a more stable thermodynamic state. 
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Abstract  
A series of glass samples with different glass 

compositions doped with 5wt% Dy2O3 were 
prepared. Excitation and cathode-luminescence 
spectra were measured, for which the observed 
peaks are attributed to the f-f transitions of the rare 
earth ions. The variation in the spectroscopic 
properties of the obtained glass was correlated to 
the variation in glass composition. Effects of high 
energy electron irradiation on the emission 
intensity and decay time were investigated. 

Introduction 
Rare earth ions find wide applications in 

sensitizing solid state and glass lasers, infrared 
quantum counters as well as infrared to visible 
converters. Energy transfer between ions in solids 
can be accomplished either radiatively or 
nonradiatively and the mechanism and kinetics 
involved have been extensively addressed [1, 2]. 
Many workers have treated the compositional and 
structural effects on the spectroscopic properties of 
the doped crystals and glasses [3ï6]. Irradiation of 
the host matrix also results in modifications of the 
host structure and creates color centers that affect 
its emission properties [7ï10].  

Experimental 
For the current work, a glass system of 

composition-50P2O5-xLi2O - (50-x)ZnO 
:5wt%Dy2O3 is prepared from high purity chemicals 
(Aldrich chemicals), using the melt-quench 
technique, where X changes in steps of 10, and 
ranging from 0 to 50 mol%.  Excitation spectra 
were recorded at room temperature using a Jasco 
spectrophotometer FP-777. Cathode-luminescence 
intensity and decay kinetics were recorded using a 
photomultiplier FU 106, system of monochromator 
MDR-3 and GW-Instec GDS-2204 oscilloscope for 
signal detection.  

Results and discussion 
Cathode-luminescence spectrum of the 

samples,( as shown in Fig.1.) consists of blue and 
yellow emission lines which can be assigned to the 
f-f transitions of the Dy

3+
 ion as follows (from 

4
F9/2 

to 
6
H15/2 at 481 nm) and (from 

4
F9/2 to 

6
H13/2 at 575 

nm). 
The excitation spectrum of the Dy

3+
 doped 

glasses given in figure 1 shows that the excitation 
of the Dy

3+
 ions is accomplished by the excitation 

of the 
6
H15/2,

4
P7/2  states which then relaxes non-

radiatively to the 
4
F9/2 state, part of this excitation 

energy depleted through non-radiative cross 
relaxation [11] 

 
The CL emission intensity is found to increase 

with increasing the composition factor X as shown 
in figure 2. Lifetimes of the 

4
F9/2 level are found to 

increase from 350Õs to 200Õs with the increase in 
the composition factor X. suggesting that the 
consequent replacement of ZnO by Li2O minimizes 
the possibility of energy depletion from the excited 
state via energy transfer between the rare earth 
ions. It is stated that, energy transfer between Dy

3+
 

ions plays important role in the emission properties 
of Dy

3+
 ions because of its closely spaced energy 

level diagram.  
P2O5 based glasses consists of PO4 tetrahedra 

connected via bridging oxygen ions with P-O 
bonds, and one dangling double bonded oxygen 
ion (non-bridging oxygen). Using IR investigation of 
similar glass composition [12] it was found that the 
presence of ZnO in glass composition creates non-
bridging oxyges. So we could conclude that the 
replacement of Li2O in the glass systems under 
study, by ZnO results in an increase of non-
bridging oxygens. The existence of which 
increases the covelancy of RE-O bonds, and 
enhance the RE site symmetry which may lead to 
enhancement of energy transfer. Because 
minimizing the possibility of Non-radiative energy 
transfer results in an increase in the emission 
intensity. 
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Fig. 1. Excitation and emission spectra of the Dy3+ -

doped phosphate glass 
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The irradiation of the phosphate glass matrix has 
similar effects to that of changing the glass 
composition. Where the bombardment of the glass 
matrix with high energy electrons results in the 
creation of color centers. Examined by the 
measurement of optical absorption of the sample 
before and after irradiation, the difference in 
absorbance is plotted as a function of wavelength 
(fig.3).  The resulted color centers creates paths for 
energy transfer through which higher levels of 
excitations can be achieved during the excitation 
process while during the emission process this 
color centers offer pathway for cross relaxation and 
nonradiative energy transfer. The mentioned 
effects of the color centers lead to increase the 
emission intensity while decreasing the emission 
decay time from 360 to 220Õs. 

 

 
Conclusion  
The irradiation of glass matrices with a high 

electron beam has the effect of creating color 
centers that playing similar role of changing the 
glass composition. These color centers efficiently 
increase the emission intensity while decrease the 
emission decay times. 
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This article focuses on the method of lost foam 
casting (LFC) which is gaining popularity among 
the established technologies in recent decades in 
the foundry business. The most important feature 
of the method is to obtain a pattern; the quality of 
the pattern impacts the quality of a casting. Casting 
pattern is made of polystyrene foam. 

The patterns used in the LFC technology, in 
order to obtain good castings, must meet certain 
requirements: 
Å the pattern's surface should be smooth, 

without roughness and external defects; 
Å density of the models must not exceed 0.027 - 

0.032 g/cm3. 
 

Based on these requirements there are certain 
requirements to polystyrene: 

 
Å grain-size composition of the material should 

be even; 
Å the content of the foaming agent (pentane) 

should not be less than 5.5%; 
Å the material should be evenly baked, be 

resistant to pressure and temperature [1]. 
The formation of the casting is the result of 

interaction of the form, metal and pattern. A pattern 
even from light porous foam significantly alters 
heat-mass-exchange processes of the system 
metal - form. This is confirmed by the practice of 
this method, for example, the formation of such 
defects as sandbuckle on the surface of the 
casting [2]. 

As any other method of casting the LFC has a 
lot of technological features. In this paper we 
consider the dependence of casting quality on 
thermal degradation of polystyrene foam as an 
example of the alloy of  silumin and three brands of 
polystyrene foam (PRP-C-50 and extruded 
polystyrene foam, Penoplex 35 Penoplex 31). 

The dependence of the casting quality depends 
on the thermal degradation of polystyrene foam. 
Polystyrene foam pattern destroys, and the 
products of this process are removed from the 
pattern by gas flow. The process of destruction of 
the pattern is complex. It would be wrong if we 
characterize it only as gasification, though the term 
"lost foam" has firmly established in the 
terminology of foundry. 

In practice, for the production of artistic articles 
we use an easily accessible polystyrene foam such 
as packaging for a TV, or a plate for a single 
usage, which are made for mass production on 
machines, as well as blocks of polystyrene foam 
are used to make coldproof exterior walls of high 

buildings. The given work investigates which 
ready-made polystyrene foam is better to use for 
casting practice. We also try to identify the 
minimum cross-section and sizes of the pattern, as 
well as the recommended temperature of the 
casting of the alloy silumin for each of the samples. 
The test samples were 100 Ĭ 100 Ĭ 20 mm, 

each of polystyrene foam was accurately 
measured with a caliper. The obtained data 
allowed to find the density of each brand of the 
samples (Table 1). 

 

 PS
B-S-25 

Pe
noplex
35 

Pen
oplex  
31 

Density 
kg/m

3 
15-

16 
28-

37 
28-

30,5 

Table 1 Density 
To determine the minimum possible cross-

section  castings, samples of length 150 mm and 
sections 5x5mm,10h10mm, 15h15mm  were cut 
(Fig.1) [4]. Then three samples of different cross 
sections of polystyrene foam were collected in the 
pattern blocks (Fig. 2). The alloy of silumin AK 12 
was used casting. To carry the research we used 
four temperatures of castings 600,700,800,900 ę C. 

 

  
Fig. 1 The samples of various sections 

  
 Fig.2 The pattern block  

The obtained samples were measured from 
the gating system. The data were written down in 
the table and presented in the diagram 1. The best 
polystyrene foam was polystyrene foam PSB-S-
25, in practice it was the only material which filled 
the test sample of 15Ĭ15 at 
700 ęC and showed good results when filling 
sections 10Ĭ10. The rest of the samples with the 
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section of 15Ĭ15 also showed excellent results at 
the temperature of the alloy above 800ę C ( Fig. 
3 ). 

Fig. 3 The results of the research 
Based on the results we can see that 

the small cross-section patterns are allowed with 
the limit of the length of the item 50mm. It should 
be noted the difference of surface quality when 
creating different patterns of polystyrene 
foam. PSB-S-25 is less dense, with large granules, 
it proved to be better in terms of fluidity of the 
metal, but the surface quality is much worse than 
that of more dense and fine-grained Penoplex 35 
or Penoplex 31. Consequently, it is better to 
use Penoplex, it will reduce the cost of subsequent 
machining of the item. If the cross section and 
length of the pattern do not allow the use 
of Penoplex, the surface pattern of 
polystyrene PSB-S should be treated with paraffin. 

 
Fig.4 The results at 900 ę C 

 
From this work we can conclude that the 

temperature above 800 ęʉ (Fig. 4)  with a pattern 
from polystyrene foam PSB-S-25 has the best 
casting properties for LFC among the four 
presented temperatures of alloy casting. 
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Tungsten Carbides have a wide range of 
application in many industry sectors such as metal 
machining, wear parts for mining and oil industries, 
metal forming tools, cutting tips for saw blades and 
have now expanded to include consumer items 
such as wedding rings and watch cases, plus the 
ball that is in many ball point pens. 

Cutting tools must be able to resist high 
temperature and severe temperature  

gradients, thermal shock, fatigue, abrasion, 
attrition, and chemical induced wear [1, 2].   Thus 
materials for cutting tools and dies must have high 
hardness to combat wear, hot strength to 
overcome the heat involved, and sufficient 
toughness to withstand interrupted cuts or 

vibrations occurring during the machining process.  
Cutting tools are a two billion-dollar industry 
worldwide and form the backbone of manufacturing 
operations for metals, polymers, and advanced 
materials such as intermetallics and composites of 
all types [1, 2]. 

 
Tungsten carbide (WC) is an inorganic 

chemical compound) containing equal parts 
of tungsten and carbon atoms.  

Tungsten Carbide is often referred to as a Hard 
Metal due to its very high hardness in relation to 
other metals. Typically a Tungsten Carbide Hard 
Metal can have a hardness value of 1600 HV, 
whereas mild steel would be in the region of 160 
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HV a factor of 10 lower. Although called a hard 
metal, Tungsten Carbide is actually a composite 
material with hard particles of Tungsten Carbide 
embedded in a softer matrix of metallic Cobalt . 
The high solubility of WC in cobalt at high 
temperatures and a very good wetting of WC by 
the liquid cobalt binder result in an excellent 
densification during liquid phase sintering and in a 
pore-free structure.  

Important properties of WC-Co are hardness, 
strength, high breaking and beating ductility as well 
as high electrical and thermal conductivity. By 
varying the metallic cobalt content and the 
tungsten carbide grain size, important properties of 
the alloy can be specifically adapted. This fact is 
illustrated in Figure 1 with respect to hardness. 

Tungsten Carbide are primarily produced using 
a Powder Metallurgy process, whereby the 
powdered forms of tungsten carbide and cobalt are 
mixed using ball mills, a binder material is added to 
hold the powders together during the next stage of 
the process which is compaction or pressing. 

 
During the compaction processes, hydraulic 

presses or isostatic presses are used to compact 
the powders into a shape which approximates the 
design of the finished product. The sintering 
process causes the tungsten carbide and cobalt 
matrix to fuse together to produce a dense ñHard 
Metalò.After sintering the material is so hard that it 
can only be machined by diamond grinding, a 
specialised form of micro machining that is 
relatively expensive as it is not possible to remove 
large amounts of materials by this process.  

The primary requirement is the availability of 
nanosized staring powders (\100 nm). Preliminary 
attempts to produce nanosized WC-Co powders 
were based on mechanical crushing and grinding 
of the coarser powders.  

The development of nanosized WCïCo 
powders in larger scale received a major impetus 
with the development of a chemical synthesis 
technique, called óspray conversion processô 
(SCP). Such a process involves rapid spray drying 
of aqueous solutions of water soluble precursors, 
followed by thermochemical conversion to 
nanostructured WC-Co powders in a fluidized bed 
reactor. Such process is now routinely used to 
commercially produce nanocrystalline  carbides  , 
which are used for fabricating bulk nanostructured 
cemented carbides [5].  

Liquid phase sintering is widely used for 
consolidation of conventional WC-Co powder.  
After cold compaction of WC/Co containing a 
lubricant - binder such as paraffin in a high-
pressure hydraulic press, the powder compact is 
heated in vacuum or  hydrogen to a temperature 
above the pseudo-binary WC-Co eutectic where 
liquid phase  sintering occurs.  Theoretically dense 

structures are routinely produced by this method.  
However, sintering usually causes grains to grow 
larger.  One of the challenges in the quest for 
nanostructured materials, including WC-Co, has 
been controlling the graingrowth during sintering 
[3, 4].This problem and other problems related whit 
the effective synthesis composite materials based 
on tungsten carbide is successfully are solved. 

In all these applications, there has been a 
continuous expansion in the consumption of 
cemented carbide from an annual world total of 10 
tons in 1930; to 100 tons around 1935; 1,000 tons 
in the early 1940ôs; through 10,000 tons in the 
early 1960ôs and up to nearly 30,000 tons at 
present. 

The development and improvement of 
cemented carbide cutting tools have supported the 
exponential increases in metal cutting productivity 
(measured by cutting speeds) in this century.  
Materials of the future will have to satisfy the 
requirements  imposed by high-speed machining, 
such as high-temperature strength, chemical 
stability,  and oxidation resistance.  Currently, 
research is aimed at developing grades having 
improved wear, corrosion, and oxidation resistance 
[2,3]. Nano-grained WC/Co composites have the 
potential to become the new materials  for tools 
and dies, and wear parts.  Benefits of nano-
grained WC/Co approach include  shorter sintering 
time, high purity, and precise control of 
composition.  These materials  have superior 
properties and more homogeneous microstructure 
than those of conventional WC/Co composites do. 

The research results over the last decade have 
unambiguously established the superiority of bulk 
nanocrystalline WCïCo cemented carbides, with 
respect to their room temperature hardness, 
strength and wear resistance. It is believed that 
usage of WCïCo nanocomposites are likely to 
result in improved performance in demanding 
applications and also increase in tool. 
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1. Introduction 

The problem of solving Boolean equation can 
be always deduced to satisfying some Boolean 
formula. 

The satisfiability problem (SAT) is of central 
importance in various areas of computer science 
including hardware and computer-aided design, 
artificial intelligence, algorithms, software 
verification, operations research and automation 
[1]. 

The CookïLevin theorem [2] proves that the 
Boolean satisfiability belongs to NP-complete 
class. According to this theorem [2], any other NP-
complete problem can be reduced by a bijective 
function to SAT. That is why SAT deserves a 
special interest. 

Lots of works have studied SAT and proposed 
various heuristic solvers. In particular, application 
of genetic algorithms to SAT has become popular. 
The majority of these algorithms require deducing 
the general SAT problem to a normalized form ï 
CNF, 3-SAT or k-SAT, leading to an exponential 
growth of the Boolean formula. Some works [3] 
suggest using real-valued fitness functions, or 
even switching from zeros and ones to a 
continuous domain ï fuzzy logic approach [1]. This 
inevitably causes precision problems and 
increases computation time. 

The algorithm proposed in this paper is very 
universal and operates with integers exclusively. 
The only requirement is that Boolean formula 
should be expressed using AND (Ø), OR (Ù) and 

NOT (×) operations. Since },,{ ×ÙØ  constitute a 

complete basis for Boolean algebra this constraint 
is very mild. At the core of our algorithm AND/OR 
tree formula representation lies. 

2. Problem statement 
The problem of solving a Boolean equation can 

be stated as follows: given a Boolean formula F , 
find a truth assignment for a set of variables 

},...,,{ 21 nxxxX = , with FxiÍ  for ni ,1= , 

such that cXF =)( , where constc= , }1,0{Íc . 

If cequals 1 then this problem is an instance of 

SAT. Only this case will be considered, since 

cXF =)( and cXF =)(  have the same 

solutions. 
AND/OR tree is a compact, visual and efficient 

in handling way of representing Boolean formulas 

over a },,{ ×ÙØ  basis. Moreover, it can be shown 

that any combinational circuit can be expressed as 

a system of AND/OR trees [4]. An AND/OR tree 

corresponding to the formula ))(( dcba ØÙÙ  

can be seen in Fig. 1. Leaves of the tree 
correspond to variables, internal vertices are 
marked with symbols Øor Ù. All the negations in 
the formula should be dropped to variables. Note 
that the tree is not necessarily binary. 

 
Figure 2. AND/OR tree 

The satisfiability of F is equivalent to obtaining 
the value 1 in the root of the corresponding 
AND/OR tree by assigning values 0 and 1 to the 
leaves. 

3. Solving SAT problem with genetic 
algorithm 

A genetic algorithm (GA) is a search heuristic 
based on the simulation of natural mechanisms 
and Darwin's "Survival of the Fittest" [5]. 

The classic scheme of GA comprises a 
population of chromosomes whose genotype is 
encoded in binary strings, a fitness function that 
evaluates a ñgoodnessò of each individual and a 
sequence of generations ï an evolution that leads 
the chromosomes to the optimum of some 
objective function [5]. 

In the context of our problem, chromosomes 
are represented as binary strings ï the i

th
 symbol 

of such string corresponds to the variable ix  in the 

solution. 
Letôs consider a partial solution ï a truth 

assignment setting some of the internal vertices 
but not the root to 1. The value 1 will climb up the 
tree satisfying node after node. So it would be 
natural to think of a ñgoodnessò of a solution in a 
following manner: the better the partial solution is, 
the higher the value 1 will climb, the less the 
distance from the root to the nearest true value will 
be. 

The first thought would be to define the 
objective function as the minimum of the distances 
from the root to the nodes satisfied by the partial 
solution. This function should be minimized as its 
zero value obviously corresponds to an exact 
solution. But this approach proves to be less than 
effective. If there are multiple vertices on the same 
layer of the tree, then a huge number of solutions 
will be indistinguishable and potentially good sets 
of variables will be lost. For example, when 
satisfying a formula in CNF partial solutions that 
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satisfy only one clause will be as ñgoodò as the 
ones that satisfy several clauses. 
Letôs design an objective function that doesnôt 

have this kind of flaws. A ñgoodò solution climbs up 
to the root and satisfies as many nodes as 
possible. While the ascent of the tree will 
eventually lead us to an exact solution, the 
increase in satisfied nodes will improve the 
chances of several truth values 1 meeting in the 
internal node. The objective function with these 
properties can be defined as a sum of distances 
from the root to the 0-valued leaves reachable from 
the root without visiting any satisfied node. This 
definition comes from the observation that if some 
node doesnôt lie on any of these unsatisfied paths 
from the root to the leaves than this node is 
satisfied. The distance is there because the leaves 
that are closer to the root are easier to cut from it 
by the satisfied node, thus we give a higher priority 
to the solutions that cut away the deepest leaves. 
Zero value of the objective function still 
corresponds to an exact solution. In the context of 
GA, the fitter individuals correspond to the smaller 
values of the objective function. 

Having the objective function defined we select 
the genetic operators and the parameters of the 
GA by trial and error strategy. The summary of the 
parameters of the GA can be seen in table 1. 

Table 1. Overview of the GA parameters 

Parameter Value 

Size of the population 200 

Number of generations 10000 

Number of clones 10 

Mutation rate 1/(number of loci) 

Crossover rate 1 

Type of crossover uniform 

Type of selection tournament, size = 4 

Increasing the size of the population can 
radically speed up the evolution. But this also 
increases the number of objective function 
evaluations, thus slowing down the computations. 

Mitosis (clones the fittest individuals) warrants 
that useful alleles wonôt be lost through 
generations. 

As the fittest chromosomes are preserved by 
mitosis the crossover rate should be as high as 1. 
The uniform crossover (genes are inherited 
separately) is superior over the cutting the bit string 
in two pieces. Chromosomes in SAT problems 
have no structure, so the uniform crossover 
doesnôt destroy more patterns than a simple cut. 
On the contrary, it provides a more powerful way to 
search the solution space. 

The somewhat classical mutation rate proves to 
be effective. Higher values result in random 
search. 

Roulette selection degrades to random picking 
with population that large. Tournament selection is 
superior. Size of the tournament is set to 4 ï 
raising the selection pressure results in slower 
convergence. 

Summary of the parameters: destructive 
crossover type, large population, low selection 
pressure, medium mutation rate ï proves that 
diversity in genotype is vital when looking for an 
exact solution. 

4. Experimental results 
The GA was implemented in C++ and tested on 

Intel Core2DuoE8500@3.16GHz and 4GB RAM. 
As in [1] one randomly generated minterm is 
chosen as a Boolean expression to be satisfied. It 
is a rather hard test for a stochastic solver ï it has 
a unique solution. Besides, increasing the number 
of variables in the minterm demonstrates the 
scaling of the algorithm. 

 
Figure 3. Best and average objective 

function per generation 
Fig. 2 illustrates the behavior of the fittest 

individual and an average value of objective 
function per generation for the binary AND/OR tree 
representing the minterm of 2000 variables. We 
can observe that objective function drops almost 
exponentially and successfully converges to a 
solution after an average (of 100 runs) of 249 
generations. 

The computation time grows slowly with the 
number of variables N in minterm (Fig. 3). For each 
N the time is averaged from 50 runs. It is worth 
noting that the algorithm in [1] took 1.5 hours to 
solve 2400 variables minterm, while our approach 
took only 22 seconds in average of 50 runs. 

 
Figure 4. Correlation between the number of 

variables and algorithm execution time 
 
Besides from satisfying minterms the developed 

GA was able to solve various SAT problems from 
[6]. 

5. Conclusion 
In this paper we studied the application of 

AND/OR tree representation of Boolean 
expression to solving SAT problems using GA. We 
developed an effective objective function and 
optimized the parameters of the GA. The 
experimental results demonstrate advantages of 
our algorithm in terms of convergence and 
computational time. The developed algorithm can 
be applied to various practical problems ï testing 
combinational circuits [4], for example. The future 
work includes the study of dependence between 
AND/OR tree structure and execution time; further 
development of the objective function. 
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The main problem for urban lighting ventures is 
the annual change of tariff plans and the schedule 
of urban lighting, which leads to the problem of 
information updating, the correct calculation and 
routine actions. To solve these problems, the 
streetLightDB program was created. 

To reduce possible errors, as well as to 
automate the data calculation, the software 
development was started. 

Since the target audience - users of this 
software - works with operating systems of 
Windows family, Microsoft Visual Studio 
environment with the programming language C # 
was chosen as a means of development. The main 
reason for the choice of C # is its versatility, broad 
functional and the ability to solve various 
engineering problems. 

¶ The users have an opportunity to view the 
information in the database. This feature is 
implemented by the creation of different directories 
(figure.1). 

 
Figure.1. Fragment of the program interface 

(information view in a database) 

 

¶ The ability to change the type of load is 
automated (figure.2). 

 
Figure.2. Fragment of the program interface 
 (the type of load by month) 

¶ There is also the possibility of the changing of 
data - time supply of electricity to the cascades 
(figure.3). 

 
Figure.3. Fragment of the program interface 
 (switching on and off cascades) 
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¶ The program also contains the information 
about the placed lighting units in the cascades 
(figure.4). 

 
Figure.4 Fragment of the program interface 
 (interface of adding of lighting units) 
 
The main objects of the GUI are: TextBox, 

ComboBox, Button, Radiobutton, Label and 
DataGrid, are used to display the information from 
database tables.  

The program has the following features: 
1. Different methods of source data input by 

using TextBox, ComboBox and RadioButton. 
2. A data validation occurs. This feature is 

created to except the transfer of incorrect data 
such as the symbolic information and the incorrect 
time intervals. The screening of the symbolic 
information occurs by using a special type 
TextBox, which does not pass the symbols 
(figure.5). Numerical values are checked by a 
special method.  

 
Figure.5 Fragment of the program interface 
 (data validation) 
 
3. In the program there is the ability to 

analyze both the data from the database and the 
data entered from the keyboard. To select the 
method of calculation there is required to note 
CheckBox (figure.6). 

 
Figure.6 Fragment of the program interface 
 (data processing and analysis) 
 
4. The database for the program is 

implemented on MySQL (figure.7). It is an obvious 
advantage, since it allows to work in a local 
network to multiple users simultaneously. But the 
availability of the local network is not a mandatory 
requirement. All operations can occur on the local 
computer or even a laptop, because the program 
does not consume many resources. The sample 
from the database is executed by SQL queries. 

 

 
Figure.7 Fragment of the program interface 
 (MySQL database) 
 
The program is error-tolerant, because the 

database is uploaded by each workstation; and the 
connection break with the database will not bring 
fatal consequences of data loss. The exchange of 
the information with the database emerges only 
when there is required to update the database or 
complement it. 
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Abstract 
This paper presents new software architecture 

of semantic internet applications. The author 
analyzes existing approaches of development 
semantic applications and benefits of semantic 
technologies. New architecture proposed by the 
author uses the concepts of semantic user profile 
and client-side semantic analyzer. The problems of 
semantic data mining and implementation of 
sample application are also considered. 

Introduction 
The use of semantic information is a popular 

trend in the area of internet and service-oriented 
applications. The use of semantic information 
makes sense if the purpose and the value of sent 
or received information are dynamic and  change 
in conjunction with user profile data, search 
queries and other variables. One of the core 
purposes of semantic technologies is to provide 
more relevant information to users. Many software 
developers and internet companies take attempts 
to implement concept ñSemantic Webò[1] in their 
solutions. Each of these implementations cannot 
be used natively in the process of developing a 
generic internet application because they are 
tightly connected to their domain. 

Internet search engines (Google and Yandex) 
detect vocabulary based markup of 
HTML document. Usually HTML tags which have 
specific semantic attributes are organized in a 
determined sequence presenting an article, userôs 
review or another common entity. This type of 
sequence is called a micro-format. This way of 
presenting semantic information is convenient for 
search engines robots. The use of micro-formats is 
reasonable if a particular internet application is 
trustful. Otherwise, search SPAM and other 
unwanted content manipulation could cheat results 
of a search request.  

Perhaps, a dynamic optimization of structure of 
a HTML document for each user of an application 
is much better strategy. In this paper dynamic 
optimization of HTML document structure for each 
user is proposed. This approach could decrease a 
number of turndowns and increase level of usersô 
satisfaction. The turndown in terms of search 
engine optimization and internet analytics is a case 
when a user is not satisfied and immediately goes 
away from a web-site. If a user spends less than 5 
seconds on a web-site this behavior is considered 
as a turndown. It is confirmed that modern tools for 
traffic analysis provided by Yandex, Google and 
other search engines are able to detect usersô 
turndowns[2]. It is also confirmed that the ratio of 
turndowns influences on the position of the site in 

search results[3]. We propose an approach to 
lower a total number of turndowns. It seems to us 
more efficient to rebuild dynamically structure of 
HTML document depending on needs and presets 
of each user of application than show only the 
information which the user wants.  In most cases, it 
is unacceptable to show only relevant information 
to a user because of the following reasons: 

1. Showing only relevant parts of a HTML 
document maybe unprofitable. 

2. There is a possibility of an error of 
semantic analysis. As result, irrelevant information 
could be displayed and a user could be frustrated. 

The concept of independent semantic 
application presented in the paper rather aims to 
satisfy users showing them the most useful 
information in appealing way than to optimize a 
page for a search engine. 

Architecture 
It is expected that the proposed semantic 

platform will have the following features: 
1. Cross-platform except for the generator of 

semantic markup 
2. Flexibility. Convenient and smooth 

integration with existing internet applications  
3. Scalability. Distributed architecture could 

lower noticeably consumption of server-side 
computing resources. Semantic user profiles could 
be stored without central relational database. 

4. Security and privacy. User information 
must be collected in a nameless manner. All 
private data is mined from open sources and 
surveys after userôs permission. 

All these qualities could be archived by the 
proposed semantic architecture, main processes 
and external entities of which are depicted on the 
figure 1. All processes except for the semantic 
markup generating are executed on the client side. 

 

Semantic 
Markup 

Generating Semantic 
Analysis

User Profile 
Retriving

Ranked
HTML Elements

Semantic-enabled
 HTML content

user profile
 JSON object

User Profile 
Storage

Business data

Changing the 
structure and 
appearance of 
the content

 
Figure 1. Semantic web application architecture 
According to the processes mentioned above it 

is possible to distinguish three main parts of the 
architecture: 
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1. The semantic markup generator 
2. The provider of semantic usersô profiles 
3. The semantic analyzer 
Semantic markup generator 
The semantic markup generator is a component 

which is responsible for adding semantic attributes 
to HTML elements, created on the server-side. The 
component is platform-dependent and has to be 
implemented as a part of a whole web-application. 
The semantic attribute has the format similar to a 
string of CSS-attributes.  

Semantic user profile 
The concept of Independent Semantic Web 

Application introduces a term Semantic profile. A 
semantic profile is an object with a set of properties 
describing preferences, interests, tastes and 
parameters of a particular user. In case of internet 
application a semantic profile should be presented 
as a JSON-string. 

The provider of semantic user-profiles is 
responsible for generating a semantic profile. The 
most popular social networks like Facebook, 
VK.COM, Twitter can be considered as a source 
for retrieving user-specific semantic data, but the 
range of userôs presets is very limited and is 
usually presented by the following fields: gender, 
age, education, address. Also this information can 
be collected by various surveys integrated with an 
internet application and stored in a local user 
profile.   

Semantic analyzer 
A semantic analyzer could be implemented as a 

JavaScript application. This way of implementation 
simplifies integration of semantic analyzer into 
existing web application. 

 As soon as HTML document is fully loaded 
JavaScript plug-in starts analysis of page content. 
The plugin requests a semantic profile and 
processes DOM elements which have semantic 
attributes. This process consists of the following 
operations: 

1. The process of generation of semantic 
objects 

2. The process of ranking each 
HTML element according to the values of a 
particular user profile.  

3. The execution of callback function which 
changes the position of each analyzed 
HTML element and modifies CSS-properties in 
conjunction with itôs semantic rating 

Two general types of call-back functions are 
introduced: 

1. Highlighting function. This function just 
changes opacity of analyzed  HTML elements in a 
determined range 

2. Reordering function. This function changes 
the order of analyzed HTML elements.  

Developers are able to use their own callbacks 
instead of introduced above. The reordering 
function is more appropriate for mobile internet 
applications, because mobile user expects the 
most relevant information on the top of the screen. 
The highlighting of relevant information is 
appropriate for desktop users because those users 
have easier instruments to scroll large web-pages. 

The semantic object is an entity with the 
following fields: a reference to a DOM node, arrays 
of semantic attributes and their values.  

Conclusion 
Proposed solution could be an alternative to 

existing methods of search engine optimization. 
JavaScript libraries developed for testing purposes 
could be easily applied to existing internet 
applications to add semantic functionality and 
increase usersô satisfaction ratio. 
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Introduction 
Because of the explosive growth of the amount 

of multimedia data for transmission and storage, 
data compression has become very important in 
order to save bandwidth, increase storage capacity 
and at the same time provide sufficient quality of 

compressed data. It has great actuality especially 
for application data compression in industrial 
sphere. In this way, variety of powerful and 
sophisticated wavelet based image compression 
schemes have been proposed and standardized. 
One of them is the BPE coder, which is wavelet 
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based image coder that was standardized by 
CCSDS in 2007. Furthermore, to increase an 
efficiency of using resources, the regions of image 
that are required more visual quality can be 
compressed with more details and transmitted with 
a higher priority than the other regions. This 
method is called region-of-interest (ROI) 
processing. 

The proposal of this work is to implement in 
BPE coder an ROI-algorithm and compare the 
results with simple BPE coder.  

Bit Plane Encoder Algorithm (BPE) 
In the BPE coder, an image is first decomposed 

using a 3-level DWT. The recommendation 
specifies two types of DWT: integer and floating 
point 9/7 DWT. The resulting wavelet coefficients 
are processed in groups of 64 coefficients referred 
to as a block. A block loosely corresponds to a 
localized region in the original image.  A  block  
consists  of  a single  coefficient from  the lowest 
spatial  frequency subband,  referred to  as  the  
DC coefficient, and 63 AC  coefficients as showed 
in a Figures 1 and 2. 

Blocks are processed in raster scan order, i.e., 
rows of blocks are processed from top to bottom, 
and proceeding from left to right horizontally within 
a row.  

DC coefficient

children
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LL3 HL3

LH3 HH3

HL2

HH1LH1
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Figure 1. Wavelet-transformed image 
A segment is defined as a group of consecutive 

blocks. Coding of DWT coefficients proceeds 
segment-by-segment and each segment is coded 
independently of the others.  The number of blocks 
in a segment can be assigned by the user. 

DC coefficient

children

parents

grandchildren
 

 
Figure 2. Structure of single block 
Every segment has a header to specify coding 

parameters used for the current segment. The 
header can have up to four parts. The first part is 
mandatory and contains information such as 
segment counter, maximum number of bits 
required to represent DC value over all DC 
coefficients and maximum number of bits required 
to represent the magnitude of any AC coefficient. 
The remaining three parts are optional and the last 

three bits of the first part of the header indicate 
whether the optional header parts are included. 
The second part specifies the number of bytes 
allocated for current segment, which could be used 
for rate control. The third and fourth part of the 
header specify parameters that are generally fixed 
for an entire image, such as the DWT type, image 
width, transform weighting factors, and bit depth of 
the original image. 

Within a segment, the BPE first encodes a 
quantized version of the DC coefficients for the 
segment by applying the Rice coding algorithm to 
differences between successive quantized 
coefficients. Bits, providing further DC coefficient 
resolution, are included as part of the subsequent 
bit-plane coding process. 

Next, the BPE successively encodes bit planes 
of coefficient magnitudes in a segment, proceeding 
from most-significant to least-significant bit plane, 
inserting AC coefficient sign bit values at 
appropriate points in the encoded data stream. 

The resulting  encoded bitstream  constitutes  
an  embedded data format that  provides 
progressive transmission within a segment; DWT 
coefficient resolution is effectively improved by the  
factor of 2 as  encoding proceeds from one bit  
plane to the next. 

Coefficients within a block are arranged in 
groups, each with at most 4 coefficients. 
Conceptually, at  a  given bit plane, a binary word 
can be used to  describe an  update  to each 
coefficient in the group for which all more 
significant magnitude  bits  are  zero.  These words 
are entropy coded using one of a handful of 
variable-length binary codes; the specific code is 
selected adaptively. The entropy coded data are 
arranged so that all parent coefficients in the 
segment are updated first, followed by children, 
and then grandchildren coefficients. Finally, the 
segment includes update bits for the coefficients in 
the segment for which more significant magnitude 
bits are not all zero. 

The  tradeoff  between  reconstructed  image  
quality  and compressed  data  volume  for  each  
segment  can  be controlled by specifying the  
maximum  number  of  bytes in each  compressed 
segment,  and  a  ñqualityò  limit  that constrains the 
amount of DWT coefficient information to be  
encoded. Compressed output for a segment is 
produced until the byte limit or quality limit is 
reached, whichever comes first. The encoded  
bitstream  for  a segment can be further truncated 
at any point  to further reduce the data rate,  at  the  
price  of reduced  image  quality for  the 
corresponding segment. 

Region-of-Interest (ROI) 
The regions that contain more details are 

supposed to take relatively more bits. These 
regions are called regions of interest (ROI). While 
the regions that contain homogenous or consistent 
backgrounds are regarded as regions of non-
interest (Non-ROI). Relatively fewer bits are 
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allocated to the non-ROI and they also have a 
lower transmission priority compared with the bits 
from the ROI. 

To find the ROI, region growing method will be 
used by reason of its simplicity. According to this 
method, a number of 8x8 blocks with similar 
properties are grouped together as follows. 

1. The block that has the maximum sum of 
the absolute values of AC coefficients is picked up 
as the seed block. The statistical properties of this 
block are taken as the initial properties of the 
region.  

2. Iterative region growing: Firstly, the current 
block is chosen and all its neighboring blocks are 
checked if they are in the region of current block. If 
it is in the region, the region information is 
updated.  

To determine if a block belongs to the ROI, 
several properties and statistical parameters could 
be examined to see if they match each other. To 
produce good grouping results the mean average 
error ЎὓὃὉ should be found. It is calculating as 
follows: 
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If MAED  is below a threshold, this block is 
grouped into the region. Otherwise, it is regarded 
as a block in region of non-interest. 

BPE Coder with ROI (BPE-ROI) 
To use ROI in the BPE coder special syntax to 

handle different regions is required. In the BPE 
coder, the basic coding unit consists of up to 16 
8x8 blocks, and a number of units are grouped to 
produce a segment. In the BPE coder, blocks in 
units and units in segments have to be 
consecutive. However, shape of the ROI may be 
arbitrary and blocks in the ROI may not be 
consecutive. To accommodate these changes, the 
header structure of the BPE coder needs to be 
modified and masking bits are needed. The 

encoder needs to reorder the blocks in such a way 
that the blocks in the ROI are encoded first. The 
decoder then reorganizes the decoded blocks to 
their original order for reconstruction. These 
modifications, however, do not affect the main 
coding structure of the BPE coder.  

To indicate whether blocks are in the ROI or not 
a Significance Block Map (SBM) is used as side 
information. One masking bit is sent out for each 
block. The bits in SBM are sent in raster order and 
immediately after part 4 of the header of the first 
segment and before coding of the blocks. 

In natural images the homogenous regions are 
more likely connected, and it is expected that 1s 
and 0s in SBM occur consecutively, and therefore, 
the overhead can be lowered with run-length 
coding or other advanced methods of entropy 
coding. As coding bit rates increase, the cost of 
coding those overhead bits becomes relatively low 
and the coding penalty is negligible. 
In the segmentôs header some new information 

will be included. In part 1 of the header, one bit is 
defined as a switch. If it is set to 1, the region 
based coding is initiated. Otherwise it is in regular 
coding mode. ROIWeight was added in header 5 
as an optional weighting factor for the ROI. The 
pixels in the ROI can be shifted up by ROIWeight 
number of bits and the ROI can be encoded with 
higher priority for bit scanning. 

Conclusion 
In the article the concept of ROI is applied to 

the BPE coder and the corresponding syntax 
modification is developed. Further work at BPE-
ROI algorithm will consist in creating hardware 
coder. 
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Since the time integrated circuits were created 
there is a need to work and transfer with data in 
digital form. Also there is a problem with converting 
from analog signal to digital and back again.  

The main differences between analog and 
digital signal are: 

¶ a signal which has continuously changing 
voltage or current in analog form, is represented by 
digital form as a fixed number of discrete numerical 
values; 

¶ these numeric values donôt represent 
signal constantly during the whole time, but only at 
a certain moment which is called a moment of 
quantization. 

Usually moments of quantization are 
determined by analog-digital converter (ADC) and 
digital-analog converter (DAC), that are used for 
signal transformation from analog to digital form 
and back again. These devices often have a 
master clock to control sampling rate (sampling 
frequency). 

Digital signal is insensible to many 
disadvantages of analog recording and signal 
transferring: distortion, noises on the line, noises of 
the film, detonation and mutual influence of the 
channels. Even if the signal in the digital form is 
not completely free from disadvantages, it is 
certainly very resistant to most of these effects. But 
in practice a digital signal encounters new 
problems: the instability of clock generator, the 
drop of transfer characteristics of cable, parasitic 
noises. All of these lead to changes in waveform 
with small shifts in the time domain. These shifts 
are named jitters. [1] 

Jitter is defined as short-term, significant 
changes of the digital signal from the ideal value of 
the signal at a given moment.  

Jitter directly connected with problems in the 
synchronization digital stream leads to two 
problems of sending digital data: 

¶ restored signal may be irregularly 
discretized. It could lead to significant distortions in 
the structure of an analog signal. As a result the 
noise threshold level decreases. It can lead to bit 
errors. 

¶ jitter at the output of asynchronous 
multiplexers(i.e. at the input of the switching 
station) may result in elastic buffersô overflows and 
slippage with losses of frame alignment. As a 
result there is significant degradation of 
communication quality. [2] 

Sometimes too much jitter causes additional 
errors in digital signal or even violates its timing. 
Possible reasons are: 

¶ parasitic phase modulation in a clock 
generator; 

¶ effect of noises and interferences on the 
clock in the receiver circuit; 

¶ modification of the transmission path 
length; 

¶ changes in the speed propagation; 

¶ the Doppler shift of moving objects 

¶ irregular receipt of timing information etc. 
Causes of wide variety of jitter generate many 

types of jitter.[2] 
The jitter model most commonly used is based 

on the hierarchy shown in Figure 1. In this 
hierarchy, the total jitter (TJ) is first separated into 
two categories, random jitter (RJ) and deterministic 
jitter (DJ). 

 
Figure 1. Jitter hierarchy. 
 
Random jitter is timing noise that cannot be 

predicted, because it has no discernible pattern. 
While a random process can have any probability 
distribution in theory, random jitter is assumed to 
have a Gaussian distribution for the purpose of the 
jitter model. One reason for this is that the primary 
source of random noise in many electrical circuits 
is thermal noise (also called Johnson noise or shot 
noise), which is known to have a Gaussian 
distribution. Another, more fundamental reason is 
that the composite effect of many uncorrelated 
noise sources, no matter what the distributions of 
the individual sources approaches a Gaussian 
distribution according to the central limit theorem. 

The deterministic jitter is further subdivided into 
several categories: 

¶ periodic jitter (PJ, also sometimes called 
sinusoidal jitter or SJ), 

¶ duty-cycle dependent jitter (DCD), 

¶ data-dependent jitter (DDJ, also known as 
inter-symbol interference, ISI). 

An additional category (bounded, uncorrelated 
jitter, or BUJ) is sometimes used.[3]. 

Periodic jitter is typically caused by external 
deterministic noise sources coupling into a system, 
such as switching power-supply noise or a strong 
local RF carrier. It may also be caused by an 
unstable clock-recovery PLL. 
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Any periodic waveform can be decomposed 
into a Fourier series of harmonically related 
sinusoids, this kind of jitter is sometimes called 
sinusoidal jitter. By convention, periodic jitter is 
uncorrelated with any periodically repeating 
patterns in a data stream. This fact differs Periodic 
jitter from Data-depended jitter. 

Any jitter that is correlated with the bit sequence 
in a data stream is termed Data-Dependent Jitter, 
or DDJ. DDJ is often caused by the frequency 
response of a cable or device. Another common 
name of this jitter is Inter-Symbol Interference or 
ISI because adjacent bits can affect each other. 
DDJ depends on a concrete sequence of bits. 

Jitter that may be predicted based on whether 
the associated edge is rising or falling is called 
Duty-Cycle Jitter (DCD). There are two common 
causes of DCD: 

1. The slew rate for the rising edges differs from 
that of the falling edges. 

2. The decision threshold for a waveform is 
higher or lower than it should be. [3] 

There are several ways in which jitter may be 
measured on a single waveform. These are period 
jitter, cycle-cycle jitter, and time interval error (TIE). 
It is important to understand how these 
measurements relate to each other and what they 
reveal. 

Figure 2 shows a clock-like signal with timing 
jitter. The dotted lines show the ideal edge 
locations, corresponding to a jitter-free version of 
the clock. 

 
Figure 2. Measurement jitter. 
 
The period jitter, indicated by the 

measurements P1, P2 and P3, simply measures 
the period of each clock cycle in the waveform. 
This is the easiest and most direct measurement to 
make. Its peak-to-peak value may be estimated by 
adjusting an oscilloscope to display a little more 
than one complete clock cycle with the display set 
for infinite persistence. If the scope triggers on the 
first edge, the period jitter can be seen on the 
second edge. 

The cycle-cycle jitter, indicated by C2 and C3 in 
Figure 2, measures how much the clock period is 
changed between any two adjacent cycles. As 
shown, the cycle-cycle jitter can be found by 
applying a first-order difference operation to the 
period jitter. This measurement shows the 
instantaneous dynamics a clock-recovery PLL 
might be subjected to. It can be noted that no 
knowledge of the ideal edge locations of the 
reference clock was required in order to calculate 
either the period jitter or the cycle-cycle jitter. 

The TIE measures how far each active edge of 
the clock varies from its ideal position. For this 
measurement to be performed, the ideal edges 
must be known or estimated. For this reason, it is 
difficult to observe TIE directly with an 
oscilloscope, unless some means of clock recovery 
or post-processing is available. 

The TIE may also be obtained by integrating 
the period jitter, after first subtracting the nominal 
(ideal) clock period from each measured period. 
TIE is important because it shows the cumulative 
effect that even a small amount of period jitter can 
have over time. 

Figure 3 gives an example of how these three 
jitter measurements compare to each other for a 
specific waveform. 
[3] 

 
Figure 3. Relations between jitter parameters 
 
Timing jitter has always degraded electrical 

systems, but the drive to higher data rates and 
lower logic swings has focused increasing interest 
and concern on its characterization. 
Characterization is needed to identify sources of 
jitter for reduction by redesign. It also serves to 
define, identify or measure jitter for compliance 
standards and design specifications. 

All jitter has random and deterministic 
components. Because of its random nature, care 
must be used in specifying acceptable limits for 
jitter. To enable working with random components 
of jitter, a method that has found favor in jitter 
analysis and prediction is to use a mathematical 
model, the parameters of which are adjusted 
based on observed measurements like a period, 
cycle-cycle and TIE of jitter. The model can then 
be used to predict performance in other situations. 
The model can also give insight into the specific 
causes of the jitter, and therefore aid in 
understanding how to reduce it. 
 

1. http://www.ixbt.com/proaudio/jitter-theory-
part1.shtml. ɼʞʠʪʪʝʨ. ʊʝʦʨʠʷ. ʏʘʩʪʴ 1. 
ʇʝʨʝʚʦʜ ʄʘʢʩʠʤʘ ʃʷʜʦʚʘ ʩʪʘʪʴʠ ɼʞʫʣʠʘʥ 
ɼʘʥʥ, Audio Precision, Inc. (18.11.2011) 

2. http://masters.donntu.edu.ua/2005/kita/liba
tskaya/library/index4/index.htm. ɹʘʢʣʘʥʦʚ ʀ.ɻ. 
ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ. ï ʄ.: 
ʕʂʆ-ʊʈɽʅɼɿ, 1999, c.65-66. (26.11.2011) 

3. Understanding and Characterizing Timing 
Jitter. Tektronix Inc. 2003. 
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Network management is a critical function 
that supports modern network in working 
order. Network management allows operators 
to maintain network services, to track changes 
in hardware configuration, and to store the 
history of these changes. The obvious 
solution is to store configurations in a 
database. To be successful in the competitive 
environment it is necessary to allocate 
resources for services quickly in order to 
provide these services on demand. Besides, it 
requires preventive support which allows to 
prevent failures and to achieve availability of 
systems at high level. These purposes cannot 
be achieved without good network 
management tools which can monitor and 
register all actions that may affect the network 
performance. The main tool for network 
management and configurations collection is 
a networks monitoring system. Monitoring 
system is a system that constantly monitors a 
computer network for slow or failing 
components.[1]  

 
The main mechanism for saving working 

configurations in monitoring systems is Trivial File 
Transfer Protocol (TFTP). TFTP (Trivial FTP, RFC-
1350, -783, RFC-906, STD0033) is a simple 
protocol to transfer files. It is a simplified version of 
FTP. TFTP has no security and identification; 
unlike FTP it is based on User Datagram Protocol 

(UDP) using port number 69, instead of TCP.  
Usually, transferring is made in blocks of 512 bytes 
and it waits for an acknowledgment of each packet 
(protocol "stop-and-wait"). TFTP is used when 
booting the operating system in a diskless 
workstation (such as X-terminals). It is possible to 
execute TFTP command directly (TFTP 
name_computer). However, this procedure does 
not provide any serious advantages over FTP 
(except the exchange rate). Through this protocol, 
the process of file configurations transfers from 
and to network devices.[2] There are five types of 
TFTP messages:  
Á Read Request (RRQ, #1) ð Request about 

file reading. 
Á Write Request (WRQ, #2) ð Request about 

file writing. 
Á Data (DATA, #3) ð the data transferred 

through TFTP. 
Á Acknowledgment (ACK, #4) ð packet 

acknowledgement. 
Á Error (ERR, #5) ð error. 
The received files are used as back-up options 

on which we can return at error detection on the 
device. The configuration files received through 
TFTP protocol get into the data combination step. 
In order to make the database not overloaded by 
configurations files of different devices there is 
dynamic data recombination with templates used, 
which have notes about company types and device 
vendors. 

One of the programs intended for collecting 
configurations of network devices is WinAgents 
HyperConf. One of the main features of this 
program is an automated backup of device 
configurations. WinAgents HyperConf supports 
single database configurations, tracking all the 
changes in the network settings. Availability of 
backup configuration will allow to reduce network 
downtime in case of failure of network devices. 
WinAgents can accept messages SYSLOG 
generated by the devices reporting about 
configuration change, with the integrated SYSLOG 
server. In addition, there is a possibility to create 
configuration backup copies manually.[3] 

Another program for collecting network device 
configurations is the Remote management 
Services which is part of the CiscoWorks LMS 
(LAN Management Solution). 

 

Fig. 1 The standard scheme for collecting data about 

the configuration 
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Fig. 2 Remote Management services (RMS) 
 
 In RMS a mechanism for controlling 

configurations (Configuration Manager) is built in. It 
performs three functions: 
Á Archiving: it serves the archive of hardware 

configurations, which is managed by RME, and 
provides the following tasks: 
Á receiving, archiving and restoring device 

configurations, 
Á receiving the configuration file on the basis 

of Syslog messages to synchronize the information 
stored in the database with the new configuration 
of the device, 
Á ability to generate reports from data in the 

archive, 
Á ability to compare versions, configurations, 

and to test for compliance with accepted standards 
and rules. 
Á Config Editor: it is used to change the 

device configuration, stored in the archive, and 
download the new configuration to the device. 
Á NetConfig: it provides an opportunity to 

change configuration of one device or group of 
devices with the help of templates. Using 
templates allows you to considerably reduce the 
time for applying changes on network devices in 
the case of global changes in the network. 
Templates contain rollback commands to a 
previous version of the configuration, which can be 
useful if some error occurs. To work with 
configurations there are some protocols used. The 
system contains an algorithm of using protocols in 
a particular order. The order can be changed by 
LMS administrators for each application 
separately.[4] There are such available protocols 
as: 
Á Telnet  
Á TFTP (Trivial File Transport Protocol)  
Á RCP (Remote copy protocol)  
Á SSH (Secure Shell)  
Á SCP (Secure Copy Protocol)  
Á HTTPS (Hyper Text Transfer Protocol 

Secured)  
Despite a large number of positive aspects of 

the system, there is also a drawback ï the system 
can only be used on the Cisco equipment, 
whereas different equipment by other vendors is 
used more often in a network. To work with such 
networks there is a system called Orion 
SolarWinds. 

Orion SolarWinds includes mechanism for 
working with device configurations. This 
mechanism is called Network Configuration 
Manager. It is based on scripts that simplify 
network configuration management in 
environments consisting of equipment by different 
vendors. It works with the help of regular 
monitoring of the device configuration by using 
SNMP and notification of configuration changes for 
fixing problems quickly before users face them. 
Combining these scripts with the Windows Task 
Scheduler allows you to plan OrionNCM nightly 
backups, configuration changes, inventory of 
network devices. All changes in the configuration 
and usersô activities are stored in Orion NCM 
database and they are available from the Orion 
NCM console application and Orion NCM Web-
interface. [5]The ease of use of the product is 
specified by the fact that the data access can be 
received using the Web-interface that provides 
access from any devices and at any time.  Based 
on the information received diagrams are built and 
statistics is carried out. They can also be used in 
scripts, for example, we can back up or upgrade an 
older version of the configuration if the number of 
errors increased dramatically for the last hour. Due 
to the graphs it is possible to trace cyclicity of 
collecting configurations or restorations, to assess 
the system possibilities and to influence on them.  

Having considered some different mechanisms 
for collecting configurations it is possible to 
conclude that Orion SolarWinds Network 
Configuration Manager is the most appropriate 
mechanism for collecting information about the 
configurations of the most network devices, as the 
collection of information is possible with devices by 
different vendors. In this respect, it is also possible 
to use WinAgents HyperConf but it is intended only 
for small networks of up to 500 nodes. Cisco LMS 
is suitable for networks consisting only of the Cisco 
devices, but the quality of such networks is high. 
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Introduction 

In recent years, major oil and gas 
companies have been making extensive use of 
software information 
systems. Such companies are "Gazprom", 
"Rosneft", "Lukoil" and others. 
Informatization considerably facilitated activities of 
large companies. It has allo-wed to 
connect distant offices of companies and 
store large amounts of information in databases.  

"Virtual oilfield" provides an opportunity to 
obtain all the necessary skills in field development 
and well drilling.  

The idea of creating a çVirtual oilfieldè was not 
accidental. According to employers, students that 
arrive for internship have no idea of the real field 
operation. In universities they receive theoretical 
knowledge, while practical tasks remain in the 
background. So the idea of combining information 
technology and oil and gas industry had appeared 
and was received with enthusiasm. For example, 
çVirtual oilfieldè development is carried out at 
Tomsk Polytechnic University and Gubkin Russian 
State University of Oil and Gas.  
What is a çVirtual oilfieldè? An accurate 

definition of a virtual oilfield hardly exists. All of the 
proposed definitions include the following:  
çVirtual oilfieldè is: 

¶ Subject of activity: a 3D computer model of a 
given section of oil or gas deposit, a virtual 
deposit; 

¶ A multitude of virtually managed oilfield 
processing facilities, i.e. computer models 
of injection and production wells, power 
equipment of an oilfield; 

¶ Virtual automated process control system for 
oil and gas production; 

¶ A real management information 
system and computer-aided decision 
support systems used in modern oil and 
gas produc-tion enterprises; 

¶ Automated workplaces for 
specialists: geologists, geophysicists, 
technologists, drillers, mechanics, power 
engineers, ecologists, economists, 
and managers whose team-
work ensures oilfield operation; 

¶ Oilfield development control center 
combining the functions of a monitoring center 
equipped with facilities for visualizing 3D 
deposit models with those of a situation center 
for oilfield operation analysis and a decision 
making center; 

¶ Telecommunications center allowing to 
simulate telephonic and video conferences; 

¶ Training and research laboratories and 
centers; 

¶ Production field equipment polygon for 
research and training (a mini-
oilfield with operational production equipment 
for training purposes); 

¶ Dataprocessing center; 

¶ Local high-speed information network linking 
the basic components. 
çVirtual oilfieldè operation is very often 

compared to the work of a flight 
control center. Using çVirtual oilfieldè allows to 
monitor the work performed by each expert at a 
workstation, receiving not only sound, but 
also video. 

For creating the project 
çVirtual oilfieldè focused specialists not 
only information and profile of the oil, as well 
as highly skilled mathematical methods, the 
developers of 3D modeling, geophysics, geology, 
and many others. 

Many people might have a question: what is the 
overall purpose of creating a 
çVirtual oilfieldè? First, it is the lack of places 
where stu-dents can obtain real practical 
experience. The system of academic and practical 
internships, as one of the pillars that underpin the 
national education system, has largely been 
destroyed. Higher education institutions can`t 
guarantee that students receive prac-tical 
experience, in turn depriving them of the 
opportunity to acquire the necessary professional 
expertise. The economy is replenished by 
specialists that know theory well but are 
not ready to solve practical tasks. From the 
industrial perspective the problems are much more 
serious: training programs simply do not catch up 
with the technologically advanced industries. 
Second reason is the opportunity to acquire 
practical skills on the job. Imagine that 
using computer technologies you are able to take 
part in virtual well drilling, installing the 
necessary equipment, and field development. 

The idea of creating a çVirtual oilfieldè has 
been implemented in Moscow at Gubkin Russian 
State University of Oil and Gas. For 
this university the gist of the innovation consists in 
the following: 

¶ The principle of systematicity:  activities of oil 
and gas companies are simulated as a whole; 
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¶ Creation of jobs that give students the 
opportunity to perform the work made by 
specialists of the given profile on an everyday 
basis; 

¶ Simulation of a working environment that 
includes such things 
as "smart" wells, "electronic fields", the 
network, etc. 

This project is also being implemented at 
Tomsk Polytechnic University's Institute 
of Cybernetics, Department of Optimization of 
Control Systems. For 10 years the department and 
the research laboratories and centers working 
under its scientific and methodical supervision 
have performed more than 15 research efforts on 
oil and gas field modeling, building and 
visualizing 3D geological and hydrodynamic 
models by subsurface users' orders, creation of 
an automated control system for an oil-producing 
association, etc. The total amount of research 
efforts performed in this area exceeds 25 
million rubles. The virtual oilfield 
here is interpreted as follows. The virtual oilfield is 
a set of technology-oriented automated 
workstations and hardware and 
software stands con-nected via 
telecommunications to the oilfield situation 
control center and data and knowledge bases 
located at a supercomputer cluster, 
providing broad opportunities to study 
the processes of oil and gas field modeling, 
design and development. 

Within the framework of this project work is 
being done to create 2 types of virtual field: oil and 
gas. Scenarios being created include: 

¶ Field development design; 

¶ Oil production shop situation control; 

¶ Reservoir pressure maintenance situation 
control; 
The çVirtual oilfieldè is located at: 

¶ The Institute of Cybernetics (Cybernetics 
Center, building 10); 

¶ The Institute of Natural Resources (building 
20); 

The main products and services of the project 
are: 

¶ system integration hardware and 
software solutions for constructing 
the "Virtual Oilfield" situation center; 

¶ algorithmic and software systems 
that provide 3D modeling , design, 
and situation control of virtual departments; 

¶ scientific and methodological 
support (monographs, textbooks, and 
laboratory courses in the core subjects); 

¶ academic staff possessing the technology of 
training students and conducting refresher    

Conclusion 
This topic was developed a short time ago. 

Probably the reason for the development of this 
direction was the general informatization. 
Information technologies have become an 
integral part of our lives, being used in such 
industries as mathematics, medicine, geophysics, 
ecology, and oil industry.  Computerized 
information channels connect petroleum 
specialists with colleagues and partners allowing 
them to interact with each other. University 
students of different majors will be interacting and 
cooperatively monitoring and managing field 
development while sitting at their computers, and 
in case of an emergency try to determine who is 
responsible for its removal: the driller, the 
technologist, the mechanic, or the transportation 
engineer. Within the framework of this project I 
have developed a website titled "well 
maintenance", which allows obtaining             the      
necessary information on this topic. A visual 
representation of the main page is shown below: 

 
Fig. 1. Home page 

 
Fig. 2. Tables 

Website will be embedded in this project. 
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Cloud computing  is the delivery 
of computing as a service rather than a product, 
whereby shared resources, software, and 
information are provided to computers and other 
devices as a metered service over 
a network (typically the Internet). [1] Cloud 
computing is a model for delivering information 
technology services where resources are retrieved 
from the Internet through web-based tools and 
applications, rather than a direct connection to a 
server. Data and software packages are stored in 
servers. However, cloud computing structure 
allows access to information as long as an 
electronic device has access to the web. This type 
of system allows employees to work remotely. [2] 
There is a more common definition. Cloud 
computing is a general term for anything that 
involves delivering hosted services over the 
Internet. The problem is that everyone has different 
definition of cloud computing. This is caused by 
high functionality of this technology. But the most 
accurate definition is given by Peter Melland 
Timothy Grance from National Institute of 
Standards and Technology (USA): óCloud 
computing is a model for enabling ubiquitous, 
convenient, on-demand network access to a 
shared pool of configurable computing resources 
(e.g., networks, servers, storage, applications, and 
services) that can be rapidly provisioned and 
released with minimal management effort or 
service provider interactionô. 
General Director of Ltd ñEMC Information 

Systems CISò Sergey Karpov said: óCloud 
computing is in one sense the evolution of entire IT 
industry in generalô. He identifies five 
characteristics of cloud computing. 
1. Resource pooling. The providerôs computing 
resources are pooled to serve multiple consumers 
using a multi-tenant model, with different physical 
and virtual resources dynamically assigned and 
reassigned according to consumerôs demand. 
There is a sense of location independence in that 
the customer generally has no control or 
knowledge over the exact location of the provided 
resources but he may be able to specify location at 
a higher level of abstraction (e.g., country, state, 
datacenter). Resources include storage, 
processing, memory, network bandwidth. 
2. Dynamics and flexibility. Capabilities can be 
elastically provisioned and released, in some 
cases automatically, to scale rapidly outward and 
inward commensurate with demand. To the 
consumer, the capabilities available for 

provisioning often appear to be unlimited and can 
be appropriated in any quantity at any time. 
3. On-demand self-service. A consumer can 
unilaterally get computing capabilities, such as 
server time and network storage, as needed 
automatically without requiring human interaction 
with each service provider. 
4. Broad network access. Capabilities are available 
over the network and accessed through standard 
mechanisms that promote use by heterogeneous 
thin or thick client platforms (e.g., mobile phones, 
tablets, laptops, and workstations). 
5. Economy of the process.Measured service is 
used in cloud technology. Cloud systems 
automatically control and optimize resource use by 
leveraging a metering capability at some level of 
abstraction appropriate to the type of service (e.g., 
storage, processing, bandwidth, and active user 
accounts). Resource usage can be monitored, 
controlled, and reported, providing transparency for 
both the provider and consumer of the utilized 
service. 

There are four deployment models of cloud 
computing. 
1. Private cloud is infrastructure operated solely for 
a single organization, whether managed internally 
or by a third-party and hosted internally or 
externally. [1] Private cloud functions on a private 
network. It is highly secure 
2. Public cloudis one based on the standard cloud 
computing model, in which a service provider 
makes resources, such as applications and 
storage, available to the general public over the 
Internet. Public cloud services may be free or 
offered on a pay-per-usage model. [4] It may be 
owned, managed, and operated by an academic, 
government, or business organization. It exists on 
the premises of the cloud provider.This type of 
deployment model offers the highest level of 
efficiency. 
3. Community cloud shares infrastructure between 
several organizations from a specific community 
with common concerns (security, compliance, 
jurisdiction, etc.), whether managed internally or by 
a third-party and hosted internally or externally. 
The costs are spread over fewer users than a 
public cloud (but more than a private cloud), so 
only some of the cost savings potential of cloud 
computing are realized. [1] 
4. Hybrid cloud is a composition of two or more 
clouds (private, community, or public) that remain 
unique entities but are bound together, offering the 
benefits of multiple deployment models. It can also 
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be defined as multiple cloud systems that are 
connected in a way that allows programs and data 
to be moved easily from one deployment system to 
another. [1] This deployment model provides 
increased efficiency. 

There are three service models of cloud 
computing: IaaS, PaaS, SaaS.[3] 
1. By using IaaS model organizations get 
infrastructure components: storage capacity, 
computing power networks, and other fundamental 
computing resources where the consumer is able 
to deploy and run arbitrary software which can 
include operating systems and applications.The 
consumer has control over operating systems, 
storage, and deployed applications and possibly 
limited control of select networking components but 
he does not control the underlying cloud 
infrastructure. However, consumer organizations 
need to hire the addition staff to manage and 
maintain the infrastructure and applications. 
2. PaaS model provides organizations with 
platforms or runtime environment to create and 
deploy applications. Consumer organization is only 
responsible for management, maintenance and 
development of the applications, butit does not 
manage or control the underlying cloud 
infrastructure including network, servers, operating 
systems, or storage. 
3. SaaS model. The capability provided to the 
consumer is to use the providerôs applications 
running on a cloud infrastructure. The applications 
are accessible from various client devices through 
either a thin client interface, such as a web 
browser (e.g., web-based email), or a program 
interface. The consumer does not manage or 
control the underlying cloud infrastructure including 
network, servers, operating systems, storage, or 
even individual application capabilities, with the 
possible exception of limited user-specific 
application configuration settings. [1] 

As cloud computing is achieving increased 
popularity, concerns are being voiced about the 
security issues introduced through adoption of this 
new model. The effectiveness and efficiency of 
traditional protection mechanisms are being 
reconsidered as the characteristics of this 
innovative deployment model that is widely 
different from those of traditional architectures. 

Microsoft Security trusted Advisor Bezmaly V.F. 
who in his presentation on the subject of cloud 
security said that more than 3.500 virus signatures 
were made and more than 30.000 threats 
appeared every day. He stressed the fact that use 
of cloud computing is much more secure. 

One of the ways of using Cloud Technology is 
to put your database in cloud. This is called 
Database As a Service (DaaS). DaaS solves a lot 
of problems of applications which work with 
database for example transplantability of this 
application and scalability of database (DB) 
especially for web applications. 

DaaS is a managed service, offered on a pay-
per-usage basis that provides on-demand access 
to a database for the storage of application data. 

The most popular DaaSs today are SQL Azure, 
Amazon RDS and Xeround. All of them 
arehighlyavailable and scalable cloud database 
services built on SQL Server technologies. 

SQL Azure is a product of Microsoft.It supports 
up to a 150 GB maximum size T-SQL-based 
relational database. Customers are billed based on 
the peak database size in a day. SQL Azure 
Database is charged as a monthly fee for each 
database, but that database fee is amortized over 
the month and charged on a daily basis. For 
databases greater than 1 GB, you will be billed in 
the next whole gigabyte increment. But it is very 
expensive to use SQL Azure (1GBå10$ per month) 
and there are problems with transferability of DB in 
cloud from local host. 

Key differentiators between Xeround and 
Amazon RDS are as following: 
1. Rule-based Auto Scale up & down with no 
downtime vs. Amazon RDS manual scaling with 
down time; 
2. Pay per actual usage vs. pay per instance size, 
resulting in over subscription; 
3. Xeround never fails ï even when Amazonôs 
instance fails. Xeround offers a highly available, 
self-healing, database, with no downtime. Amazon 
RDS cannot guarantee downtime, both planned (4 
hour / week maintenance) and unplanned 
4. Unlimited database size vs. limited to Amazon 
RDS instance sizes; 
5. Database configuration does not require code 
changes to your application (replication, etc.); 
6. Xeround offers up to 700% higher throughput 
and less than 1/10 the latency of RDS for heavy-
duty MySQL applications. [5] 

When considering all the benefits of a true 
cloud database, coupled with competitive pricing, 
Xeround is the preferred choice of developers and 
businesses for their database application 
requirements in the cloud. 

Summing up,it is possible to say that IT stops 
being a brake on business development due to 
cloud technology. By purchasing cloud services by 
Pay-As-You-Go basis companies can avoid capital 
expenditures on additional infrastructure resources 
and instantly scale up or scale down according to 
their business requirements.   
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Modern industrial processes connected with 
producing or machining material, energetic and 
information flows have high demands on reliability 
and quality characteristics of control system built in 
technical environment of these processes. The 
absence of certainty in characteristics of control 
object often has an impact on the quality of 
controlling the technological processes that can 
lead to consumer properties deterioration that is 
unacceptable. Thatôs why at present the important 
task is ensuring the stability in characteristics of 
controlling processes, especially under conditions 
of certainty induced by causes of various natures.  
Ordinary types of controllers (like proportional (P), 
proportional ï integral (PI), proportional ï integral ï 
derivative (PID)) are not usually efficient for solving 
this problem. On the contrary using of intellectual 
adaptive or optimal controllers potentially can 
satisfy the requirements for control processes 
quality [1].  To implement intellectual controllers 
fundamentally different algorithmic methods can be 
used that usually allow ñtransmittingò knowledge 
and experience in process control from operating 
specialist to control unit. Range of methods can be 
the basis for the functioning of intellectual 
controller. For example, it can be fuzzy logic 
methods, methods of using neural networks, 
application of genetic algorithms or various 
combinations of these methods. Using of listed 
methods in programming controllers are often ñsoft 
ï computingò. In opposite ï stiff adjustment with 
using ordinary control algorithms called ñhard ï 
computingò.  These designations highlight the 
difference between ways of tuning controller ï 
ability of operating with partial, inaccurate data [2]. 

One of the widespread ways of building 
intellectual controllers is using of neural networks. 
This is explained by the fact that the multi-layer 
neural networks are almost universal instrument for 
control signals generating [3]. Artificial neural 
network is a structure that consists of simple 
computing units called artificial neurons. It was 
invented in the 20

th
 century during the nervous 

tissue research. Neurons in artificial network are 
located in different layers and can be connected 
with neurons in other layers as in biological 
prototype (Fig.1). Layers situated between input 
and output ones are usually called hidden. The 
artificial neuron has bias (that determines 
activation threshold) and any number of 
connections.  Each connection has a coefficient 
(weight). Due to the huge number of connections 
(for example networks with 20 neurons located in 3 
layers can have thousand connections) selecting 
right weights and biases allows network to simulate 
a wide range of mathematical functions [1]. 

 
Fig. 1. Multi-layer neural network 

 
Modern controllers have enough memory and 

computing power to implement the neural network 
control. However, they are not equipped with 
software (algorithmic blocks, procedures, etc.) 
focused on working with neural networks. This fact 
complicates the implementation and configuration 
of the controller greatly. In order to save time 
during design, controller training and evaluation of 
neural network control system efficiency the 
modeling of the control system with computer-
aided design system is used [4]. One of the most 
widespread instruments for neural networks and 
neural network controllers design  is a Neural 
Network Toolbox application in Matlab. 

Working with neural networks in Neural 
Network Toolbox has several features 
distinguishing it from working with structural 
schemes of conventional control systems and from 
working in specialized multidomain modeling 
packages (SimPowerSystems, SimMechanics, 
etc.). There are three features of working with 
Neural Network Toolbox: 



XVIII Modern Technique and Technologies 2012 

100 
 

 1) direct access and object parameters editing 
of Network class is more simple and less time-
consuming way of working with neural network 
than building a model in Simulink and editing 
elements of this model; 

2) the process of neural network training is 
reduced to the execution of sequence of actions, 
and abilities of package does not include an 
indication of the effect of retraining and indication 
of ʩhoice an adequate count of the neurons in 
hidden layers;  

3) using neural network controllers included in 
the components library of Simulink - Neural 
Network Toolbox is possible for the problems 
solving of automatic control tasks. 
Thatôs why it is rational to solve the problem 

with the  help of controllers provided by standard 
library previously to the original controller design 
[5, 6].  

The first feature is caused by complex structure 
of neural net model that consists of input blocks, 
output blocks, submodels of layers, delay units 
defined by a number of parameters and 
interconnections. This leads to a huge number of 
elements in the model, its complexity and large 
size. To make visual image of model more intuitive 
some parts of it (performing a particular function) 
are combined under ñthe maskò. That makes the 
network tuning more difficult.  On the contrary, 
addressing directly to parameters of Network 
object through the Command Window allows user 
to change the network structure quickly, to correct 
weight coefficients and biases, to set properties of 
network training (the most difficult thing to do using 
Simulink model). A number of methods for objects 
of Network class is provided. Some of them are: 
ñview(Network)ò, useful for the diagram drawing 
that displays graphically the structure of the 
network, dimension of input and output vectors, 
delays on connections between layers and inputs; 
ñgensim(Network)ò, used to generate 
automatically the Simulink model. Using of these 
methods makes the task of constructing neural 
control systems easier (view allows to see clearly 
the current structure of the network while building 
it; gensim is useful for connecting a model of 
neural network (or neural controller) with the 
control system for further researching) [5,6]. 

It is essential to determine the initial values of 
weights and biases for automatic training of neural 
networks. For this purpose the network initialization 
can be used (method ñinit (Network)ò). The 
principle that determines the initial values may be 
different for each layer (if required, for each neuron 
in layer) and depends of the parameter ñinitFcnò of 
layer, or, depends of the matrix of weights 
separately for each neuron.).  The network training 
procedure is similar to the initialization procedure. 
Theñadapt(Network)ò methods are used to adapt 
the network in operation, and the ñtrain(Network)ò 
to train the network for using samples. The way 
and speed of the network parameters optimization 

are defined by the following parameters 
ñlearnParamò, ñtrainParamò, ñadaptParamò (may 
refer to a layer of a single neuron) and ñadaptFcnò, 
ñtrainFcnò, ñlearnFcnò defined for the whole 
network. Training a network, one should be aware 
that if the number of neurons do not match the task 
the effect of overtraining with a large number of 
samples may appear (downgrade of regulating 
characteristics of network for any input values 
which are not represented in the sample). To 
identify the effect of overtraining a mechanism for 
the control test is used. It consists of the following:  
part of the training controls (about 25%) is 
reserved and is used to control the network quality. 
If the accuracy required canôt be reached during 
the process of training, it is necessary to change 
the number of neurons involved in the network. 
Thatôs why in the design process it is advisable to 
start with a small number of hidden layers and 
neurons and increase their number if itôs necessary 
[5]. 

There are three types of neural controllers in 
the section of blocks of Control Systems: Neural 
Net Predictive Controller ï a controller with a 
prediction of future process reactions to the 
random process control actions. Implementation of 
this controller requires a large amount of 
calculations because calculations for optimization 
are performed on each cycle of control;  

Nonlinear Autoregressive - Moving Average 
Controller - implements a mathematical model 
designed for the analysis of stationary time series. 
only the calculations connected with 
implementation of a neural network are performed 
at each step of the computation; 

Model Reference Controller - the controller 
based on the reference model. It requires training 
of a neural network based on backpropagation. It 
is suitable for a wide class of problems. A neural 
model in all three cases is a two-layer network with 
a direct signal transmission and lines of delays at 
each layer [5]. 

Due to fact that today (according to the experts) 
significant technological growth in the area of 
projecting neural networks and neural computers is 
expected (it is connected with the expansions of 
neural technologies applications, especially in 
areas that are quite important for the economy), an 
increase of demands to systems and tools for 
developing neural networks occurs [4].  Currently 
Neural Network Toolbox is one of the most suitable 
one for solving automatic control tasks, designing 
pattern recognition systems task and some other 
problems. In this case awareness of features 
connected with using Neural Network Toolbox, 
knowledge of its contents and structure of Network 
class allows a developer to use the resources of 
Matlab more efficiently and to solve successfully 
the tasks of neural control systems synthesis. 
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Introduction 
Database is a collection of information related 

to a particular topic or a problem, such as tracking 
customer orders or storage of music collection. If 
the database is not stored on a computer or 
computer stores only parts of it, itôs necessary to 
keep tracks of information from a variety of other 
sources that the user must coordinate and 
organize on his own[1]. 

 
Formulation of the task 
Vocational training is becoming today, first of 

all, the formation of personality developing in ability 
to work, in choosing the direction and sets of 
knowledge, which man considers to be necessary 
and appropriate. 

Profession, being one of the means of realizing 
human potential, can manifest their preferences: 
what like to do, what is the inclination and ability, 
and largely determines the degree of satisfaction 
with life. 

Choice of profession is the relationship of 
factors such as "I can", "I want" and "it is 
necessary" (or ñone mustò). "I want" is interests 
and inclinations of the individual (or person), such 
as propensity to work with technology or people. "I 
Can" is a person's ability to master and implement 
specific training activities. "It is necessary" (or ñone 
mustò) is a kind of social order, society's need for 
people in certain occupations[2].  

To choose the type of employment, a person 
must feel the coincidence between the demands of 
the profession and individual personal 
characteristics. For most young people entering 
higher education is urgent awareness of their 
purpose in life, who to be, what to do, because by 
choosing high school, specialty, many young 

people do not know whether they perform a correct 
choice for future professional activities.  

And, in order to help a candidate make a choice 
of his future specialty and faculty, we decided to 
develop a database for students[3].  

 
Development of a database for applicants 
In order to begin testing of applicants, they 

need to enter the initial data (Figure 1). 
 

 
Fig. 1 Input of data. 
 
After you enter your name and the name of 

educational institution (if you're an applicant, you 
can write your educational institution to school) you 
go to the passage of the following tests: 
Å SUN (This test is designed for rapid assessment 
of health, activity and mood). 
Å Luscher color test 
Å Psychogeometrical tes 
Å Test of sociotipy 
Å Method of Holland 
Å Test type of temperament 
Å Test for spatial thinking 
Å Test for creative thinking 

 
Analysis of the data 
Databases are key components of the majority 

of WEB-appendices. They allow representing a 
dynamic content on sites. Our database is also 
widely used at present by entrants to the 
university. 12 young men and 13 girls have tested 
"Database for entrants to the university ".  

The received results are presented on graphics 
1-2 and table 1.

http://www.bookasutp.ru/Chapter5_7.aspx%20-%2026.06.2011
http://www.bookasutp.ru/Chapter5_7.aspx%20-%2026.06.2011
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Graph.1. Method of Holland for young men and 

girls 

 
Graph.2. Method of Holland. 6 type. 
Table 1. Method of Holland 
 

Method of 
Holland 

 Young    
men 

Girls All 

Realistic 24% 21% 45% 
Research 10% 14% 24% 
Social 16% 14% 30% 
Convensual 8% 17% 25% 
Enterprising 25% 10% 35% 
Artistic 17% 24% 41% 

 
Graphics 1 and 2 are rather similar. As it is 

seen from schedules, among girls realistic, artistic 
and convensual type prevails. Most of young men 
are of realistic type, enterprising and artistic. It is 
possible to confirm it, after all it is valid, and girls 
often lean against emotions, imagination, and 
intuition; like to listen to music, to watch films. And 
young men select the purposes which allow 
showing energy, enthusiasm, impulsiveness, like to 
order. 
Images çTest for spatial thinkingè and ç Test 

creative thinking è have been received. See 
graphics 3-4. 

 

 
Graph.3. Test for spatial thinking. 

 
Graph.4. Test for  creative thinking. 
The general results are presented in table 2.  
 
Table 2. General results of tests for thinking   
 

 
Test for spatial 

thinking 
Test creative 

thinking 

 
Average 
level 

Highest 
level 

Average 
level 

Highest 
level 

Young 
men 

64% 
36

% 
52% 

48
% 

Girls 58% 
42

% 
55% 

45
% 

The graphics shows that spatial thinking is the 
most developed in girls, and test for creative 
thinking ï in young men. Though, graphics are 
rather similar. 

 
Conclusion 
Thus, we have received the decision of an 

actual problem ï visualization of the 
multidimensional data in the field of psychology. 
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At the moment, the Russian higher education 
system is going through fundamental changes in 
organizational structure, methods of assessment 
and educational methodologies [1]. These changes 
are caused by the globalization of education and 
demands of modern business and industry. In 
recent years harmonization of the national 
educational system with European standards is a 
very urgent goal [1]. We should note that the 
harmonization process of the educational systems 
into the bounds of the Bologna and Copenhagen 
Processes has already spread beyond the 
European community, encompassing a growing 
number of countries in different parts of the world 
[2]. 

Thus, the modernization of educational 
standards forces all the major world powers to 
implement reformation of higher education such as 
clear and internationally-recognized qualifications, 
two-tier system of education, credit system, 
academic mobility of students and professors, 
international co-operation, lifelong learning, etc. [1] 

At present a great number of Russian institutes 
of higher education are in the process of transition 
to the above-mentioned principles of education. 
But they havenôt succeeded in it yet because of 
variety of organizational problems. It becomes 
clear that the information system for management 
of the learning process and its control is absolutely 
necessary. 

During the development of this information 
system, emphasis was placed on the 
implementation of fundamentally new systematic 
approach for organizing the educational process 
and its associated control processes. The special 
feature of this approach is the accent on 
individualized educational trajectories of students, 
support of modern educational concepts (such as 
CDIO, PBL, etc.) [3]. Furthermore, special attention 
was paid to the social elements of the system, 
such as student-professor or student-student 
communication and students and professors public 
ratings. 

 
System features 
First of all, this system is a repository of data 

about all aspects of educational and organizational 
activities in university. Obviously, the system 
should provide different features depending on the 
role of current user. That is why role management 
service was implemented during the early stages 
of development. This service allows every user to 
combine several roles. Itôs necessary for 

implementation into a real university, because 
most of the employees have two or more roles. 

Every role has its own front-end for access to 
all available features via web-interface. On the first 
stage of development we decided to make four 
basic types of front-ends: first, for student, second, 
for professor, third, for university administrators 
and the last, for free access (guest). 
Studentsô front-end is linked to the studentsô 

profile. The profile is being created when a student 
enters the university or when the system is being 
implemented for those who are already studying. 
Professorsô front-end is linked to the professorsô 

profile. We made a decision to include the unique 
feature into the systemï allowing a professor to 
make strict and optional requirements for timetable 
making and checking in for his courses. When 
professor gets the access to the system, he can 
add his own courses into the courses' database (or 
he can register himself as a professor for existing 
course). Professor should add the course 
description, course work program, list of the 
lessons, learning materials, etc.  After that he 
should define restrictions for signing up to the 
course such as maximum amount of students for 
this course, list of the necessary courses which 
students had already pass, etc. Furthermore, a 
professor can select the requirements for 
classrooms such as availability of interactive 
board, audio system, special laboratory equipment, 
classroom placement in a specific building etc.  
Administratorsô front-end is linked to the 

administratorsô profile. The main purpose of those 
users is entering data about classrooms, studentsô 
and professorsô profiles etc. At later stages of the 
development of the system we are going to add 
special roles for these purposes. 
Guestsô front-end is used only to view public 

information. One of the use cases of this front-end 
is sharing information about student progress with 
an employer.  

Besides the usual way of accessing to the 
system features via web-browser we plan to 
implement Web API (Web Application 
Programming Interface) to allow other programs 
and widgets to use our system features and data 
[4]. This Web API will be used afterwards to 
develop applications for mobile devices and native 
applications for different operating systems. 

Making of academic timetable is one of the 
most important functions of our information system. 
This timetable should satisfy many conditions, so 
the problem of its calculation without doubts is the 
most nontrivial and resource consuming [5] in the 
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bounds of this system. In comparison with other 
timetable making systems, which work only with 
learning groups (classes) and in most cases arenôt 
taking into account any additional conditions, our 
information system works with a large amount of 
individual curricula and uses different conditions 
provided by students and professors. 

Because of the high complexity of the timetable 
generation, we made a separate computation 
cluster for this purpose in the network architecture. 
This decision was made for unloading of the main 
server, because itôs responsible for interaction with 
users. The timetable making is the fully 
independent task and doesnôt require any 
interruptions in the process. Therefore, this 
problem is the ideal one to compute in the cloud 
computing services [6]. At the present time the 
choice of cloud computing is reasonable both 
economically and because of convenience of 
implementation [7]. 

 
Network architecture 
The network architecture of the system (Figure 

1) was developed based on declared earlier 
features. 

 
Figure 1. Network architecture 

 
The core of the network architecture is the 

cloud applications and data storage. The main 
application is doing the important function of 
differentiating the roles, distributing the rights, 
sharing and processing data. The data storage 
does not have its own mechanism of rights 
distribution, so all interactions go through the main 
application. On the scheme, the data storage is 
designated like a network unit, but when itôs 
necessary it can be scaled by adding replication 
system without any influence on the other parts of 
the system. 

There are possible options of accessing to the 
system on the left part of the scheme, such as 
mobile and usual web-clients (via web-browser), 
native applications for mobile devices and different 
operating systems (via Web API). All those options 
are being realized through unified mechanisms of 
the main web-application. This method provides 
absolutely identical behavior for different parts of 
the system. 

Special attention in the network architecture 
was paid to the scalability of every part of the 
system. It allows delivering this system using SaaS 
(Software as a Service) model. The SaaS model 
reduces the cost of implementing and completely 
excludes the costs of servers and infrastructure for 

clients. Also it solves problems with software 
updating and backing-up [8, 9]. 

Conclusion 
It should be noted that similar systems do exist, 

but generally overseas. Usage of these systems in 
the Russian universities is impossible, since they 
do not take into account the peculiarities of the 
current state of our education system and have a 
hard binding to the foreign educational standards 
and paperwork organization of the educational 
process. 

The information system presented in this article 
is designed for future implementation in the major 
Russian universities, particularly in the national 
research universities. 
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Nowadays information resources are becoming 
more available. As the cost of the IT resources 
goes down more enterprises gain access to them. 
Modern business completely depends on IT 
infrastructure serving its needs and more or less 
significant failure in its work may lead to significant 
losses or even bankruptcy. On the other hand, the 
issue of monitoring IT infrastructure is not 
considered thoroughly. 

Application software (also known as application 
or óappô) is computer software designed to help the 
user to perform specific tasks. Local applications 
are applications designed to work locally on the 
user's machine or in local network. A web 
application is an application that is accessed via a 
network such as the Internet or an intranet. Web 
applications are popular due to the ubiquity of web 
browsers, and the convenience of using a web 
browser. The advantages of such applications are 
cross-platform and a small amount of traffic 
transmitted. Network applications are applications 
that run at large corporate networks. Terminal 
applications are used to work with the terminal 
servers [1]. It does not require network resources, 
e.g. the use of RGP technology for controlling 
machines remotely. 

The use of modern information technology in 
enterprises is connected with the active application 
of the software which uses a local or wide area 
network for data transmission. Poorly-configured 
applications lead to loss of efficiency in network 
and enterprise work. In the long run, it influences 
on the final economic result. Therefore, the main 
problem for such applications is slow work in the 
enterprise network. 

The performance of complex applications 
depends on many factors such as the system 
resources, database and application architecture, 
the effectiveness of the program code, the network 
infrastructure. Performance management of 
application is required at all stages of the 
application lifecycle from development and testing 
to deployment and operation. For example, when 
application is tested in high-speed corporate 
networks, we can get an acceptable result of its 

work, but when we deploy and run applications on 
a real object, it can be completely unworkable. In 
order to define the problem, you must use network 
and application performance monitoring. 

Network monitoring is the process describing 
the use of a system that constantly monitors a 
computer network for slow or failing components 
and that notifies the network administrator, for 
example, via email or other alarms in case of 
outages. Sometimes network monitoring means 
only the process of testing data transmission 
systems and finding out whether they meet the 
corresponding standards. But this definition is too 
narrow. Network equipment is often configured 
correctly and it provides maximum hardware 
performance. The basic parameters characterizing 
the network do not exceed certain thresholds. 
Such basic parameters are network 
communication channel loading, the total number 
of transmission errors, and the percentage of 
broadcast and multicast packets [2]. Effective 
analysis of network applications quality requires 
adequate statistical information about its individual 
software modules, the state of communication 
channels, nodes, etc. So, it is necessary to collect 
the required data, to do its analytical processing 
and represent the produced statistics in a graphic 
form. This problem cannot be solved without the 
use of network monitoring applications. Using the 
results of the network applications quality 
evaluation it is possible to optimize network 
performance by changing the order of application 
startup or by moving application modules between 
computational nodes in order to localize network 
traffic and reconfigure network resources. All these 
actions can improve the speed, reliability and 
performance of network without purchasing 
additional hardware or processing of the software. 
Such approach, from economic point of view, is 
more appropriate. The given analysis allows us to 
give answers to a number of questions such as: 
What component of the infrastructure is it 
necessary to update in order to reduce application 
response time? Is it possible to increase the load 
of the network infrastructure without significant loss 
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of applications productivity? How faster are user 
requests processed after upgrading the network? 
Is it possible to use the redistribution of the load on 
the servers or enter the prioritization of traffic 
instead of buying additional equipment? 

However, each application has its own 
important parameter. The response time of some 
programs largely depends on the performance of 
the server (for example, a client-server 
applications), others - on the performance of the 
communication channel, the third - on the 
performance of workstations. For example, the 
time of the operation is distributed among the 
components in such a way: 70% - on the server, 
15% - to transfer data over the network, 15% - on 
the client. Thus, even if the network operates at 
maximum speed, the operation will not accelerate 
more than 15%. 

There are three principal methods of monitoring 
which use the approach of the application. 

The first method is monitoring servers and 
applications availability by means of using periodic 
synthetic transactions to application servers from 
the client subnet. In a distributed infrastructure this 
scheme is ineffective. Due to the large number of 
remote nodes, the transaction can reduce not only 
the efficiency of network infrastructure but servers 
as well. Thus, it distorts the real picture. The most 
significant problem is that the generation of 
artificial requests may directly indicate only the 
availability of applications and can detect only a 
serious problem. 

The next method is installing the software 
agents on the servers to monitor the performance 
of individual applications (agents can be built into 
the application itself, or installed separately). This 
method allows you to accurately display the 
technical parameters of a single application, but it 
does not allow to control the network infrastructure 
as a whole including individual users, data network 
and quality of individual modules interaction in a 
multi-level structure of applications. Such system is 
difficult to deploy and manage since it is necessary 
to install and maintain additional agents in each 
office. 

Hardware collector APA (Application 
Performance Appliance) is installed in data centers 
[3]. When it works, it copies the incoming and 
outgoing traffic on all servers. Thus, the monitoring 
system can analyze all user requests to the system 
in a passive mode without making any changes in 
the work of the infrastructure. The passive mode of 
analyzing is extremely useful because the collector 
being configured does not require maintenance 
and administration. Analyzing all transactions 
within each session APA splits response time into 
the following components: 

¶ query processing time by the server; 

¶ time required for the application to transmit 
generated data; 

¶ time required for packets to go through the 
network. 

Application Performance

Appliance

Visual Perfomance

manager

App serversWeb servers DB servers  
Fig.1. The scheme of APA Collector work 
But this method is expensive as the equipment 

for this method is high-priced. If you want to collect 
data from a large number of routers, it is necessary 
to buy some additional devices, e.g. traffic 
couplers. That, in its turn, makes it more costly. 
And what should we do if there is no data center in 
the network? Despite its novelty this monitoring 
method is the most promising and cost-effective 
from the point of view of the network infrastructure 
work as traffic is not spent on the data about 
application work. Consequently, it is necessary to 
do a large amount of research on the optimal 
placement of the collectors and on mathematical 
methods for development of processing the 
incoming information about applications.  

Thus, the main task of monitoring applications 
system is to collect information about its work. It 
includes: 

¶ number of the application processes; 

¶ CPU load; 

¶ used memory; 

¶ POP3/IMAP availability; 

¶ FTP-server monitoring; 

¶ SSH monitoring; 

¶ DNS; 

¶ DHCP; 

¶ LDAP 
Therefore, the approach which is called ófrom 

applicationô is becoming more widespread. It differs 
from the traditional approach in measuring 
parameters. It measures not only parameters 
which characterize the network performance but 
also indicators that define the work of usersô 
programs. Applications monitoring is the most 
promising method of the network monitoring from 
the point of view of economic benefits as it allows 
to analyze the efficiency of network applications, 
and it provides data and reports. It is used to 
achieve stable and fast application performance by 
reorganizing the network, transporting the modules 
and applications, as well as setting them up 
properly. 
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Planning of enhanced oil recovery methods 
(EOR) is a complex problem that requires an 
integrated approach for its solution. 

The potential of EOR methods can not be fully 
realized without optimization of conditions to select 
the technology for its application at a certain field 
or its part. At this stage of development, selection 
of EOR technologies for specific geological objects 
is a significant but insufficiently explored problem. 
Methods and programs of EOR selection which are 
created for geological conditions of the object we 
are interested in are still poorly used in Russia [1]. 
Furthermore, this stage is considered to be 
complicated due to the ambiguity of the method 
selection criteria. Nowadays, to overcome these 
uncertainties expert systems and artificial 
intelligence technologies are increasingly used in 
international practice. The review shows that most 
of these programs are successfully developed and 
applied abroad. Methods and software for 
analytical modeling have been effectively used in 
numerous projects in such countries as USA, 
Mexico, Venezuela, Colombia, Egypt, and others 
[2]. 

To establish the boundaries for applicability 
criteria of EOR methods, the crisp boundaries are 
often used, which can lead to errors and risks in 
selection of optimal technology. Traditionally 
screening is based on the comparison of average 
reservoir properties with the table applicability 
criteria. Partially successful projects when the 
reservoir property values are beyond the 
boundaries of screening criteria are not commonly 
considered when EOR is to be chosen. The 
measurement error is not always taken into 
account when making intervals of applicability 
criteria. All of the mentioned above can result in 
erroneous decisions. 

To overcome the problems related to the limits 
of applicability criteria of methods we can use 
Fuzzy Logic [3] to obtain more reasonable results. 
Fuzzy logic is used to analyze complex systems 
where human knowledge and experience play an 
important role, and it is difficult to use traditional 
quantitative methods. 

Fuzzy logic is a form of many-valued logic; it 
deals with reasoning that is approximate rather 
than fixed and exact. In contrast with traditional 
logic theory, where binary sets have two-valued 
logic: true or false, fuzzy logic variables may have 
a truth value that ranges in degree between 0 and 
1. The membership function of the element to 
some set can take any value in the interval from 0 
to 1; these types of sets are called fuzzy sets. 
Fuzzy logic is often used in expert and self-
learning systems, systems for devices and 
processes control and in pattern recognition 
systems as well. 

Fuzzy set ɸ means a series of A = {(x, ɛA(x))|x
ÍX}, where X is the universal set, ɛA(x) is a 
membership function of x to the set ɸ representing 
a degree or grade of membership of x in A.  

The concept of a fuzzy set makes it possible to 
express uncertainty in a manner different from the 
classical probability theory, which is based on the 
concept of randomness. The fuzzy set can express 
uncertainty caused by imprecision or vagueness. 

In fuzzy logic we also introduce the concept of 
linguistic variable which values are not numbers, 
but words called terms. Each term corresponds to 
a certain fuzzy set. For physical realization of the 
linguistic variable it is necessary to determine the 
precise physical values for the terms of this 
variable, which can be given by different functions. 
Figure 1 shows an example of the membership 
function of the fuzzy number (term) "about 10" 
using a triangular function. 
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Fig. 1. Membership function of the fuzzy number 
"about 10" 
 

Reservoir systems with fluids saturating them 
represent a classic example of a complex system 
in which the physical object uncertainty related to 
both stochastic uncertainty (situation of chance), 
and absolutely impossible precise definition of well-
defined physical parameters of the environment 
measured by physical devices situation of 
fuzziness). Thus, the oil reservoirs can be referred 
to the class of fuzzy environments, and to choose 
EOR method means to make decision in fuzzy 
environment. With Fuzzy Logic it can be possible 
to quantify such terms as çvery goodè or çvery 
badè that is especially important in problems such 
as the choice of EOR method, when the reservoir 
parameters are different from the applicability 
criteria [4]. 

Thus, for the quick geological-and-physical data 
analysis in order to screen the oilfields an 
electronic applicability matrix able to calculate the 
applicability coefficient for EOR methods has been 
developed [6]. 

The applicability matrix is based on the 
applicability criteria, summarized according to 
Russian and world literature [5, 7]. Enhanced oil 
recovery methods used in the program are divided 
into several groups: hydrodynamic, thermal, 
chemical, polymer injection, alkalis, flow diverting 
technology, gas, water alternating gas and air 
injection. The input data for the matrix are a 
standard set of geological and physical 
information: the reservoir type, depth, permeability, 
porosity, temperature, oil viscosity, and others. 

In the applicability matrix we use Fuzzy Logic to 
set critical boundary values (confidence interval) 
for screening criteria and calculate the applicability 
coefficients for methods. In the methods for each 
geological and physical parameter an individual 
applicability function is used. The score of each 
reservoir property computed by Fuzzy Logic varies 
from ï1 to 1. 

For example, the applicability interval for one of 
the properties (e.g. viscosity) ranges from 5 to 8 
cP, the values 4 and 9 cP are not be excluded 
from the evaluation due to small deviations since 
the error is to be found  in any measurement of 
properties. 

As a result, measurement error and experience 
of technologies application creates a confidence 
interval. Reservoirs which values of properties fall 
within the confidence interval are assigned a lower 
applicability coefficient according to function.  

The program makes it possible to evaluate the 
EOR applicability and to perform plots ñEOR 
method ï applicability coefficientsò. Further 
procedure of detail screening can involve the 
construction of analytical plots, radar plots and use 
of integrated knowledge module. In this module we 
can view EOR criteria and limitations of the 
methods. 

Furthermore, the program contains geological 
and physical properties and the summary of more 
than 300 projects of enhanced oil recovery 
application in Western Siberia and other Russian 
and foreign oilfields. Thus, it is possibly to search 
the reservoir analogs of applied EOR methods by 
software tool and to use the experience of previous 
reservoir development. 

In comparison to logical and computational 
decision-making techniques, when we use Fuzzy 
Logic, no strict requirements for accuracy, 
completeness and consistency of source data for 
EOR methods screening are needed. 
The criteria incorporated in the program and Fuzzy 
Logic for EOR  evaluation provide more adequate 
assessment of the applicability of each method 
and reduce risks in optimal EOR method selection. 
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The emergency accidents which can bring 
different negative effects are possible in every 
mode of the tokamak KTM operation. 

The figure 1 shows the typical modes which 
were picked out for high-technology plant: 

- ʄ - mounting; 

- T - test; 

- St - startup; 

- ʉ - fixed mode with maintenance of parameters 
constant ; 

- R ï regulation of  basic parameters; 

- E - beginnings of emergency accidents; 

- A ï response of safety system; 

- Sp - stop maintenance after planned or 
emergency modes.

 

 
In general, 3 main loads act on technic system in 
usual and emergency accidents: 
1) mechanic  (from pressure, weight, inertial 
force);  
2) electromagnetic (from act electromagnetic 
field); 
3) thermal (from irregular spacing of temperature 
and (or) heterogeneity of thermo physical 
properties of materials.  
From the mechanics accident standpoint the 
following types of limit states are appeared at the 
increasing of abovementioned loads:  

- destruction (ductile and brittle); 

- plastic deformation of the entire cross section 
element; 

- loss of stability; 

- beginnings harmful changes in the shape; 

- beginnings of macrocracks in cyclic loaded;  

- depressurization; 

- wear, erosion; 

- corrosion. 

From a security perspective the first type of limit 
state is the destruction. It has fundamental 
importance, because it leads to the maximum 
possible damage. All anthropogenic accidents are 
happened due to it [1]. 
Therefore, there is a possibility of appearance of all 
above mentioned limited states in the tokamak 
KTM. In order to prevent an emergency situation, 
the controlled parameters should be picked out. 
The dynamics of these can help to explore the 
emergency accident at early stage of its 
development and the anti-damage system will 
make the control action. 
Analyzing stage of work tokamak KTM:  
Preparatory stag 
High-vacuum is pumping of the vacuum chamber 
with heating. At this stage of the work the 
hermeticity of vacuum chamber was chosen as a 
controlled parameter. It is important to prevent 
different impurities at the moment of disruption in 
plasma-forming gas or to reduce their 
concentration to a minimum in relation to the 
concentration of working gas. The value of 

hermeticity should be in range 3 1010 10 torr.- --
 

Also while  heating a working chamber we should 
control temperature and discharge of water in 
cooling channels, the coil temperature, vacuum 
chamber and load-bearing element of power 

sources for prevention 
destruction. 

Formative stage: pumping plasma-forming gas in 
vacuum chamber, switching on the toroidal 
magnetic field, powering of central solenoid-
inductor with compensative coils which create 
necessary conditions for disruption of plasma-
forming gas, solid ionization of gases and 
formation of plasma filament, with help consecutive 
overcoming of radiation and ionization barriers. 
For steady formation of the cable it is necessary to 
input the microwave emission in the plasma. Its 
power should be more than necessary to facilitate 
the implementation and maintenance of the 
breakdown plasma. At this stage, several 
parameters, namely, the current in the winding of 
the EMC, the value of the rectifier current, supply 
voltage, output voltage of the power sources were 
identified. For each parameter, the range of 
variation in the safe mode installation KTM was 
defined.  
The next stage: 
The next stage is defined by the rise of plasma 
current to a predetermined value for a specific law, 
the maintenance of the plateau current in the 
plasma column. The controlled parameter is pinch 
current. 

Picture. 1 Modes of high-tech plant operation. 
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Also, controlling the dynamics of intensity change 
and rate of hard X-rays rise, the displacement 
velocity of the plasma vertical, loop voltage we can 
portend the failure of the plasma, taking control 
action, reducing or eliminating the consequences 
of an emergency.  
The stopping stage: 
The last stage is characterized by the controlling 
completion of the discharge in the plasma by a 
rapid change in the sign of the voltage across the 
inductor to an agreed off the RF heating and 
maintaining the equilibrium of the plasma during 
the all current output [2]. 
 
Table 1. Controlled parameters  

ˉ Name of parameter Diapason of 
changes 

1 Hermeticity of vacuum 
chamber 

10
-3

 ï 10
-10

 
torr 

2 Temperature of water in 
cooling channel

 
0-100Á 

3 Discharge of water  in 
cooling channel

 
3(0 1.4)m h-  

4 Temperature of 
windings, evacuated 
vessel and strong 
elements of sources 
power. 

0-300Á 

5 Output voltage 0-600 V 

6 Input voltage 220 kV 

7 Current in windings 18-20 kA 

8 Current in plasma 0-750 kA 

9 
 

Intensity and rate of rise 
of hard X-rays 

104-107 
ren/s sm

2
 

10 The displacement 
velocity of the plasma 
vertical 

0-20 sm 
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Today companies have the problem of selecting 
the ERP-system. This system is designed to 
manage the company's resources: money, 
production facilities and personnel. 

Implementation of the ERP-system in the 
company provides a high level of data reliability, 
efficiency in obtaining the necessary information, 
the unity of the presentation of information to all 
departments. At the same time, customizable role-
based access to the data system provides a 
reliable level of protection against unauthorized 
reception and leaks of information. ERP-system 
automates all basic and auxiliary business 
processes including financial accounting and 
distribution, manufacturing and logistics, personnel 
management and customer relationship 
management. An established system of control 
significantly increases the level of capitalization of 
the company and its attractiveness on the market. 

The most recognized systems in the world are 
SAP, Oracle E-Business Suite, Microsoft Dynamics 
AX (Axapta), Microsoft Dynamics NAV. Belonging 
to a class of ERP-systems, each of them has its 
own specific features and price. 

On the Russian market and CIS markets the 
most widespread are SAP and AXAPTA. Letôs 

consider advantages and disadvantages of each 
one. 

Microsoft Dynamics AX is one of solutions for 
enterprise management, which comes from a 
division of Microsoft. The first version of AXAPTA 
was released in March 1998 on the Danish market 
and U.S. market. Today AXAPTA is sold and 
supported in 45 countries around the world. The 
current version is released June 1, 2009. AXAPTA 
has more than 11,000 customers. 

SAP R / 3 is integrated and automated control 
system. It is the main product sold by the German 
firm SAP. This product has been improved over the 
past 30 years. Today, more than 38,000 
companies use SAP software to manage the 
business. 

AXAPTA was originally aimed at medium-sized 
businesses. This explains the lack of some 
features (especially in terms of production). 
Currently AXAPTA is a universal system. On the 
other hand SAP was targeted originally at 
geographically distributed large holdings, a wide 
range of activities and industries. Only recently this 
system has started to be considered as a system 
for medium-sized and big businesses. 
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The basic functionality of ERP-system should 
provide opportunities to automate all business 
processes. Even if at the moment the company 
does not need this or that feature, as the business 
grows, ERP-system must meet all the new and the 
new requirements. Because of this reason it is 
becoming especially important to purchase and 
implement the ERP-system in a modular form. If 
SAP has integrated functionality, the AXAPTA has 
limitations in terms of supply chain planning, 
production planning, enterprise asset management 
(repairs, maintenance). 

In this case, the best industry solution is pre-
tuned business model in the ERP-system, which 
implements the principles of business 
management based on the best Russian and 
international industry experience. Industry-specific 
solutions allow you to accomplish the project most 
effectively. Such industry solutions are available in 
SAP industry, but AXAPTA is incompatible with 
industry-specific solutions of a partner, which leads 
to the following additional costs. 

Quite often structural units of an enterprise are 
geographically distributed. In these circumstances, 
it becomes critically important to create a 
centralized database and organize the work of the 
departments over the Internet. This problem is 
solved most effectively by the ERP-systems, which 
were originally designed to work over the Internet 
browser. In this case, the installation on the end 
usersô computers is not required, which also 
facilitates maintenance. SAP uses modern 
development tools, which facilitate the recruitment 
of personnel to work with it. But AXAPTA uses its 
own language X + + (C + + and Java). 

Today there are two main approaches to the 
design of ERP-systems. There are multiplatform 
and single-platform systems. SAP and AXAPTA 
are multi-platform systems. But SAP, in addition to 
Microsoft SQL Server, Oracle, supports DBII. 

An important aspect of choosing the ERP-
system is its cost. The cost of a project 
implementation consists of three main 
components: a license of a system, technical 
support and consulting services for 
implementation. Purchase and maintenance of 
SAP is several times greater than of AXAPTA. 

Before-mentioned shows that Axapta is largely 
inferior to SAP.  

These are also four reasons why you should 
choose SAP above any other software solution 
such as MS Dynamics: 

1.SAP Business Suite is built for growth: SAP 
provides you with a single state-of-the-art platform 
on which all native SAP software (ERP, CRM, 
SRM...) is seamlessly integrated with each other. 
Being database and OS independent it provides 
the necessary flexibility to fit in any existing IT 
landscape (e.g. Linux). Whether you have one or 
multiple legal entities, SAP provides integrated 
intercompany processes and consolidation tools to 
support existing and growing businesses in one 

system. SAP Business All-in-One provides pre-
configured business process based on industry 
best practices gained over the last 40 years and as 
Gartner states SAP is still the most complete 
software solution on the market and will remain so. 
SAPôs only business is to provide scalable 
business application software to small, medium 
sized and large enterprises. 

2.One user interface does not fit all: SAP has 
recognized that there are different types of 
business users within a company. To enhance 
employee productivity SAP has launched a wide 
range of different ways to connect to the backbone 
applications. To name a few: the web-based 
Enterprise Portal, mobile applications, Adobe PDF 
interactive forms, NetWeaver Business Client, 
Duet for MS Office and SAP, Business Objects, ... 
and by doing so one can integrate SAP and non-
SAP applications into one single interface where 
single-sign-on provides easy access to all 
applications for each employee. Furthermore SAP 
provides a platform and tools to develop your own 
web-based business applications without any 
programming (e.g. visual composer, floorplan 
manager). 

3.Turning a predictable total cost of ownership 
into value:SAP can you provide you with numerous 
business transformation studies to provide the 
proof of a significant lower and predictable (what 
you see is what you get) TCO when implementing 
SAP software without any hidden costs. AXAPTA 
support costs can be very unpredictable. There is a 
risk to spend on system support more than the 
purchase. Where TCO provides you with the cost 
of implementation it does not give you any insight 
on the benefits or business value you will gain. 
SAP and its partners are able to pinpoint the most 
important value drivers and KPIôs for your sector 
through value engineering with tools like 
óEnterprise Health Checkô and óValue Lifecycle 
Managerô. Based on real life business experience 
SAP knows what is driving each industry sector 
and has made benchmarks to measure your 
performance against competition. 

4. SAP channel partner and customer eco-
system: In order to become a channel partner 
implementing Business All-in-One software, a 
stringent qualification process is in place to ensure 
local and global top quality. Instead of developing 
(local, partner specific) add-on software 
components, all vertical solutions are based on 
standard SAP software. Partners cooperate with 
SAP to define new solutions and processes which 
are certified by SAP for global roll-out. Partners 
work together to offer the best possible solution to 
you as a customer. The eco-system allows sharing 
information on events like the SAPience.be user 
days and commission meetings that allow 
customers to share knowledge and experiences 
across all domains, or to talk to SAP experts on 
specific topics.  
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From the foregoing it is clear that SAP has a 
great advantage. SAP supports a lot of platforms. It 
works over Internet browser. The system is 
developed on well-known programming languages. 
SAP has integrated functionality. That is why many 
companies prefer this ERP-system. The main 
drawback of this system is high cost. However, as 
the experience of investments meet the 
expectations of buyers. Because implementation - 
is an investment in a business improvement with a 
rapid return of investment. According to research 
conducted among companies using the SAP 
solution, the following figures showing the average 
effect of the implementation were obtained: 
Å Reduction of the number of delays in the supply 
of products to customers by 90%; 
Å Reduction of the minimum balances of materials 
in the warehouses by 30%; 
Å Increased inventory turns by 20%; 
Å Reduction of the volume of work in-process by 
17%; 

Å Increased productivity of equipment and 
personnel by 10%. 

Let`s consider a real example. The project of 
replacement AXAPTA by SAP was recently 
completed on the second largest in Russia and 
the first largest in Ukraine producer of dairy 
products "UNIMILK." All operating activities - from 
production to sales and business performance 
management has been integrated into a single 
platform. The company's management believes 
that the investment will pay off in 1-2 years, which 
is a good indicator for large businesses. 
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1. Automation of document flow 
Standard management methods in state and 

business enterprises, such as meetings, 
teleconferences, e-mail and paperwork for a long 
time have been proving their low efficiency in 
nowadays business world. Today electronic 
document management systems (EDMS) are 
coming to the market. Some of them, like Lotus 
Notes, have a long history, while others, such as, 
DIRECTUM, 1C and DocsVision are relatively 
recent and are still actively developed. [1] 

None of the EDMS implementation is ending 
with off-the-shelf software product supplying. 
Management tasks performed in each particular 
organization may be different and can be reduced 
to the development of additional modules and 
integration with other systems The success of the 
implementation of an information system depends 
largely on the capabilities of its adaptation to the 
business processes of your organization. In 
addition, the system must evolve with the 
business. Compliance with these requirements is 
the key to effective use of information systems.  

The study that this paper is focused on is 
devoted to the choice of the variant of 
implementing the electronic document 
management system which is the most preferred 

for the majority of users engaged in the business 
organization, in terms of realization of the best 
opportunities to adapt the system for a particular 
specificity. 

2. EDMS realizations 
Today the most popular EDMS systems in 

Russia are Lotus, 1C, DocsVision, DIRECTUM, 
Delo. They have a similar set of functions to handle 
the flow of documents and business process 
management, but different methods and settings 
interfaces. This is very important because not all 
the features of the data domain can be efficiently 
implemented using a standard graphical user 
interface.  

For example, the IBM Lotus Notes / Domino 
platform (BOSS-Referent EDMS) uses a Lotus 
Designer special software as a developing tool, 
which allows you to create multiplatform 
applications with Lotus Script that is Visual Basic - 
like language. In many cases it is necessary to 
resort to the @-formulas or Java / Java Script 
languages. However, this is not enough to create 
an application for a relational database. Therefore, 
Borland Delphi 6.0 is used as an additional tool. [2] 

The 1C approach for configuring the system for 
a specific customer uses a subject-oriented 
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development tool and special graphical user 
interface. [3, 4] 

DocsVision company promises us to develop 
the functions of business processes modeling in 
future versions of its system to make the design of 
processes scheme and tasks more affordable for 
specialists in subject area. [5, 6] 

Other embodiments of the EDMS software 
products are the Kancler, Delo and the Motiw. All 
of them offer their services for setting the system 
up to the specific needs of the custom organization 
without providing such an opportunity for 
programmers of the client company. [7, 8, 9] 

The attractive point of DIRECTUM is the 
possibility for a customer company to use the 
advanced IS-Builder toolkit which main difference 
is simplicity. It allows you to adapt the system 
quickly, integrate it with other systems, as well as 
apply the own customer company efforts to modify 
the basic variant of the system according to the 
development of the organization. The advanced 
functionality, user-friendly documentation and the 
subject-oriented approach allow the IS-Builder to 
easily develop high-performance capabilities of the 
applied system with an abstraction from the 
specific technical details of their implementation. 
[10] 

IS-Builder is an open language that enables to 
integrate DIRECTUM with other systems for 
exchanging of electronic documents with digital 
signature between different organizations even if 
they use different document management systems, 
or do not use them at all.  

All these benefits determine the choice of 
DIRECTUM EDMS as the best system to automate 
workflow and interaction management. [11]  

3. Documents movement realization 
As an example, is represented by the 

development of standard route (SR) "Negotiation 
about the order of the basic activities" in 
DIRECTUM system with a choice of persons that 
negotiate and sign is represented. The script that is 
created with the help of a software developer's tool 
automates the following steps:  

- forms the theme for each Executer, describing 
the essence of the job and sends the job within the 
specified period according to the developed 
scheme;  

- performs registration of the document in the 
appropriate journal and automatically assigns a 
number that is configured in the Journal for the 
documents of this type;  

- inputs registration number and date of the 
registration into details of the document. 
Registration card that is automatically created is 
automatically attached to the task that goes back 
to the Initiator with the document that was agreed 
and signed by signature; - At each stage of 
execution of the SR program the specified logical 
checks that ensure the correctness of the 
movement of a document over the SR are 
executed.    

   

 

 
Fig. 1. The SR configuring process: scheme editor 
and configuration of the SR parameters  

 
Fig. 2. A code fragment that demonstrates the 
registration of a document 

  
Fig. 3. The window of the job coming to the 
Executive 

4. Results  
As a result of development that has been 

carried out on the IS-Builder platform and 
complementing the basic version of DIRECTUM 
EDMS, potential employees are able to promptly 
negotiate and sign an electronic document stored 
in the DIRECTUM system, register it and control 
the execution of tasks. All participants of the 
interaction process get the job assigned to them at 
the right time. When employee opens a job there is 
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a text visible explaining the essence of the work 
that Initiator wants him to do and attachments that 
contain an electronic document which can be 
viewed by opening it in the Microsoft Word 
application and the register card put automatically 
after registration. If the member of interaction has 
some comments on the document he has the 
opportunity to leave his suggestions in the task. 
Then work with the document goes through the 
process until all of the comments are not corrected.  

Thus as a result of work a software script that 
automates the process of negotiating documents 
taking into account the specifics of the application 
was created.  

5. References  
1. Electronic document management systems 

[Electronic resource]: URL: 
http://www.4doc.ru/solutions/43-dvsoutions/73-
dvapprovement (access date 02/15/2012)  

2. CIT Forum: [Electronic resource]: 
Developing Applications for Lotus Notes / Domino 
environment in the Borland Delphi / Gusev, AV, 
Dmitriev, A., Tikhonov, S. - URL: 
http://citforum.ru/programming/delphi/lotus_notes/ 
(access date 02/14/2012) 

3. The "1C: Enterprise" platform as a means 
of developing of business applications. - S.Nuraliev 
/ "PC Magazine / RE", ˉ 11, November, 2006 
[Electronic resource]: URL: 
http://v8.1c.ru/news/publication.jsp?id=193 (access 
date 02/13/2012) 

4. 1C corporate portals and document 
management [Electronic resource]: URL: 
http://devtrainingforum.v8.1c.ru/forum/thread.jsp?id
=542929 (access date 02/15/2012) 

5. DocsVision site [Electronic resource]: URL: 
http://www.docsvision.com/ (access date 
02/14/2012) 

6. Byte Russia [Electronic resource]: 
DocsVision: experience with application of 
Microsoft Windows Workflow Foundation. - URL: 
http://www.bytemag.ru/articles/detail.php?ID=1172
5 

7. Kancler site [Electronic resource]: URL: 
http://www.kancler.by/services/EDM/ (access date 
02/14/2012) 

8. Electronic office systems [Electronic 
resource]: URL: http://www.eos.ru/ (access date 
02/14/2012) 

9. Motiw site [Electronic resource]: URL: 
http://www.motiw.ru/collaboration/ (access date 
02/14/2012) 

10. DIRECTUM 4.7 guide system. "The object 
model DIRECTUMè, çThe physical structure of the 
data system DIRECTUMè: [Electronic resource]: 
Compiled Help files in the format of HTML (. Chm)  

11. DIRECTUM. Electronic document 
management and relationship management 
[Electronic resource]: URL: http://www.directum.ru/ 
(date accessed 02/15/2012)

 
 

 
 

 

 

THE WAY TO STORE FORESIGHT RESULTS 

Kuznetsova N.G. 

Scientific adviser: Vichugova ɸ.ɸ, assistant of ACS department. 

Language adviser Pichugova I.L. 

National research Tomsk Polytechnic University, 634050, Russia, Tomsk, 30 Lenin Avenue 

E-mail: domovenok@tpu.ru

Today's world is growing too rapidly: prediction 
the events in the next year is a very difficult 
task, moreover the 5 and 10-year-perspective are 
impossible to be predicted even for professional 
business-analyst. Year to year, long-
term planning is becoming increasingly difficult, 
and decisions about the organization 
strategy much more expensive. 

Often the future depends of the huge number 
of factors, which behavior also depends 
on various circumstances. Long-term 
planning becomes similar to the solving the 
equation with hundreds of variables and for 
successful decision we lack of computing power, 
or should take a large number of assumptions, 
which are dramatically reduce the reliability of the 
output. 

In this regard, in the 1980s in the U.S.A. new 
method for long-term forecasting appears. Forming 
a coherent picture of the world, this technology 
called foresight, in literal understanding means - 
looking into the future.  

For the initial, members of foresight project use 
statistical researches, forecasts and assumptions 
of the experts, and the result is a consistent picture 
of the future, the most likely scenario of the 
world. Based on the foresight result, enterprises, 
governments, corporations and other organizations 
can shape priorities for development and predict 
patterns of behavior that will be claimed after 20, 
30 and 50 years. 

Foresights, that already held were about the 
corporation plans for far future, the long-term 
forecast of technological industries, the risk 
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assessment of investment projects and even about 
the development of public policies in some areas. 

Next definition corresponds to the classical 
foresight: "Foresight is - the process involved in 
systematically attempting to look into the longer-
term 
future of science, technology, the economy, 
environment and society with the aim of identifying 
the emerging generic technologies and the 
underpinning areas of strategic research likely to 
yield the greatest economic and social benefits 
(foresight is NOT the same as forecasting - a 
process not a technique)." Ben Martin (SPRU, 
University of Sussex). [1] 

The technology has come to Russia about 7 
years ago, but its practical application became only 
since 2010. 

Foresight technology have adopted by different 
expert clubs (including the Industry and Energy 
experts club), analytical agencies, Kurchatov 
Institute, Metaver, various general-governmental 
organizations and even some ministries of the 
Russian Federation (the ministry of science and 
technology and the ministry of industry and trade). 
Besides, an international center of foresight was 
established based on the HSE and the magazine 
dedicated to the results of the foresight project 
produced since 2007. According to the official site 
of the Industry and Energy expert club [2] foresight 
- long-term forecast technology - the method of 
constructing a coherent, balanced and responsible 
way of the future. It is based on technology of 
working with large experts panels, where hundreds 
of expert transit their knowledge, opinions and 
assumptions. The results of the expert panels (lists 
of perspective technologies and scenarios) are 
talked over in a series of discussions with 
specialist in the sphere, which foresight is 
dedicated to. The result of foresight is a common 
vision of future that is clear and acceptable to all 
parties.  

As a result, participants receive a foresight 
"road map" - a visual image of a common future, 
including key trends, events, technology, strategic 
crossroads and decision points, the plan of 
legislative and lobbying measures, the forecast for 
technologies development and key markets. [3] 
In fact, the roadmap is a huge scheme attached to 
the timeline, and containing two or three hundred 
items. For clarity elements with similar semantics 
are gathered in one next groups: text-boxes of 
different shapes and sizes, connections, 
dependencies, and branching. In some cases 
detailed text descriptions may be attached to the 
scheme. 

Of course, the question about storing results of 
experts panels, brainstorming sessions, 
discussions, conclusions and projections.  

Despite the popularity of technology, the 
majority of organizations conducting foresight, still 
building maps and diagrams on large sheets of 
paper, and much later redraw created a map of 

schemas in one of the graphical editors and later 
publish only a screenshot. 

Obviously, this process provides semantic 
errors in copying, the complexity of correlation of 
dates and events, moreover, the detailed scheme 
would be difficult to treat because of the huge 
number of small details and signatures. 

In this regard, there is a need for a program 
product, which will help to keep foresight sessions 
achievements, organize materials and link them to 
each other. 
Thus itôs necessary to develop information system 
that will combines features of several programs 
and allows: 

- to draw flowcharts,  differentiated groups of items 
by color, shapes and size; 

- to save a scheme with all items in format, that 
supports editing in the graphical way; 

- to support the ability to work groups of experts 
remotely as well as a discussion in the real time; 

- to scale quickly and easily any item of the 
scheme and each of the text elements to be read; 

- to show the whole scheme and each level of the 
scheme separately; 

- to store text description, explanatory documents 
and bind them to the elements of the scheme. 

For this task next solutions seem possible: 
First way is using online editors, wiki-enabled 

technologies, such as mindmeister.com or 
gliffy.com. These technologies are very 
comfortable for common work of several expert 
groups and provide an opportunity to save an 
image or imported it into the common formats such 
as * vsd (MS Visio) for future edition. 

But the hierarchy of schemas defined implicitly, 
and as a consequence, it is difficult to navigate in a 
large number of connected circuits (if itôs 
necessary, the hierarchy can be organized 
manually, but there are no built-in 
templates). Furthermore, this method will require 
additional hyperlinks to text documents (such as 
docs.google.com), it is difficult to implement "live" 
discussion and itôs necessary to choose an editor 
with opportunity to scale each item without scaling 
whole scheme. 

The second way is to create a special site or 
web page for the foresight project, containing 
explanations and presentations materials. This 
approach will provide easy orientation in the 
materials: all documents and references will be 
collected in one place. Also, there is the 
opportunity to participate in foresight for an 
unlimited number of people by comment articles or 
schemes (this approach was partly implemented in 
a foresight project "Childhood 2030"). This method 
is suitable to publish the results when there are 
little adjustments and refinement only, but itôs not 
such convenient for using it as a working tool. In 
addition, it is difficult in realization, so it makes 
sense only for large projects. 

 The third way is creating a process template, 
with a set of necessary tools, following which from 
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one to another, users go through all stages of 
foresight. The advantage of this approach is the 
comfortable using because the interface is the 
same for all projects. But itôs complicated in 
implementation, thanks to necessity to formalize 
the process and to pick out the general phases of 
all foresight technologies. Besides, the user 
extensions in tools set is highly desirable. 

So, selecting the best working tool for the 
foresight projects, way to store the results, 
application to create and preserve schemas and 
maps is a complex task that requires careful 
analysis and testing on projects. This search for 
optimal solutions will be found out in the further 
work. 
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The electric drive has passed its way in the 
historical development from a simple source of 
mechanical energy for a car or group of cars to the 
óintellectual deviceô which actuates car bodies and 
mechanisms and controls this movement. 

Nowadays the electric drive is a constructive 
unity of an electro-mechanical converter of energy 
(engine), a power converter and a control device. It 
provides transformation of electric energy in 
mechanical one in accordance with the algorithm 
of work of technological installation. Application 
areas of the electric drive in industry, in transport 
and in everyday life are constantly expanding. At 
present, 60 % of all electric energy developed in 
the world is consumed by electric motors. 
Consequently, efficiency of energy-saving 
technologies is largely defined by efficiency of the 
electric drive. The development of high-productive, 
compact and economic systems of the drive is a 
priority direction of development in modern 
engineering. 

The last decade of the past century was 
marked by considerable successes of power 
electronics ð industrial production of bipolar 
transistors with the isolated shutter (IGBT), power 
modules on their basis (racks and the whole 
inverters), and also intellectual power modules 
(IPM) with the built in protection frames of keys 

and interfaces for direct connection to 
microprocessor control systems. The  growth of 
integration level in microprocessor technology and 
changing from microprocessors to microcontrollers 
with the built-in set of specialized remote terminal 
units have made a tendency of mass replacement 
of analog control systems drives with direct digital 
control systems irreversible [1].  

The elementary block diagram of automatic 
control system of the electric drive is the opened 
system. However, the influence of revolting 
influences on such a system is great ï perturbation 
error is too big. The most widespread block 
diagram of the automatic control system of the 
electric drive is the closed system with regulation 
by mistake. The given system has the following 
advantages: 

- maintenance of constant value of speed in a 
static mode without depending on revolting 
influences, for example, at a loading sketch; 

- monitoring a randomly changing signal 
entered into the system, for example, 
sinusoidal, change of entrance influence at a 
backspacing. 

It is obvious that the system with regulation on 
a deviation is capable to provide all set-up 
technical parameters of the projected electric drive, 
therefore, in this article there will be a system with 
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model of 3-contour control with regulation by 
mistake. 

We will use the microcontroller, the power 
module and sensors for designing a control system 
by the electric motor. 

We will choose microcontroller ATmega 16 
(ATMEL Co.) to control the given engine. Due to 
the number of input-output ports, as well as 
parameters of the computing capacity this 
microcontroller is suitable for controlling the 
engine. 

The microcontroller choice was based on the 
following requirements: 

1. It is necessary to provide switching on 2-3 
phases on an exit with frequency not less 
than 20 kHz. In the case of 3-phase 
engines the quantity of references to power 
keys will be in 3 times more and equal to 
45-60 kHz (45-60 thousand operations per 
second). 

2. The controller should process 5-7 entrance 
signals and execute some mathematical 
operations. 

3. Digitization frequency of the pulse-width 
converter is about 15-20 kHz. 

Clock frequency of the internal clock generator 
is usually set by quartz; therefore, it is equal to the 
frequency written on quartz. Sometimes quartz 
isn't used. In that case the internal RC generator 

which is not very accurate starts to work (it does 
not need any external components). The generator 
usually works on frequency of 1 MHz (it is possible 
to adjust it to frequency of 8 MHz or less). What 
mode to use is defined by internal options ñfusesò 
(they are also called crosspieces). For example, for 
microcontroller ATmega16 by default (when the 
chip comes pure from the factory) crosspieces are 
adjusted to work without quartz, from internal RC 
generator on frequency of 1 MHz. 

So, frequency of kernel F in Hertz is known. 
Now it is possible to get the time for one step: TCLK 
= 1 / F (in seconds). Each command is performed 
in definite number of steps (the quantity depends 
on the command). For example, commands ANDI 
and ORI (which are often used in control of port 
legs) are executed in 1 step. There is an example 
of calculating the duration of ANDI command 
execution: 

F = 1 MHz; 
TCLK = 1/1000000 = 0.000001 sec = 1 mksec. 
Command time execution: 1Ā1 = 1 micro second 

(command ANDI is executed in 1 step). 
Thus, it is possible to make a conclusion that 

MC choice is correct, and it also meets the 
requirements specified above. 

Drivers are intended for management of 
powerful transistors with field management on 
pressure to 6500V. 

Fig. 1.The scheme of the coordination of automatic control system of the electric motor
Drivers have shown themselves to good 

advantage in many areas of the industry thanks to 
their simplicity and reliability. 

Their structure includes the majority of the 
knots necessary for protecting operated transistors 
in emergencies. Modules of drivers which are also 
part of drivers allow to collect almost any control 
system with the minimum expenditure of time for 
development and the maximum flexibility in 
algorithms of work. 

IGBT driver structure includes the logic 
scheme. The logic scheme is a circuitry decision 
aimed at an exception of probability of two power 

keys opening in one shoulder of the bridge 
simultaneously. 

We will choose driver CM15MD-12H for electric 
motor control which structure includes the power 
scheme of control [2]. 

As for sensors which are included in feedback 
for regulation realization on a deviation we will use 
the current sensor, the sensor of speed and 
position. The current sensor serves for fixing 
current value during each moment of time. As for 
the current sensor we take sensor ACS712 [3]. 
This sensor is applied for measuring direct and 
alternating current using Hall Effect. As for speed 
and position sensor we will choose an optical 
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encoder [4]. Optical encoders carry out various 
industrial problems: controlling angular position, 
measuring speed of a shaft, its position or 
displacement, controlling positioning. 

Summing up, it is possible to say that this 
system has been successfully designed (fig. 1) and 
this is universal for any type of the electric motor. 
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Introduction 
Computer vision is the theory of creating 

algorithms, which can detect, track and produce 
segmentation of objects. Computer vision is a 
science discipline. It refers to technology of 
creating artificial systems, which get information 
from images and video.  

If we get information from video stream, we 
should pay attention to high-speed performance, 
because video must processed in real time. Thatôs 
why there is path of computer vision named 
contour analysis. 

The object of research in this state is 
description and classification.  

The subject of research is contour of moving 
object which is a binary image. Binary image is 
image which has two colors: black and white. 
Contour is described a set of white points, which 
located on a closed path on black background. 
Example of contour is shown in figure. 

 
Fig. 1. Contour of object 

The problem of research is a description given 
contour of array of numbers, named array of 
descriptors. Descriptor is a value which described 
object or it specific property. The next problem is a 
classification of given descriptor arrays and giving 
an array either group: person or car. 

Description of contour 

We have a matrix of a binary image NMI ³ . 

After we create a descriptor array of this image. 
This operation can be done one of the three ways: 

¶ Freeman chain code; 

¶ Coefficients of Fourier transform; 
Freeman chain code 
With the help of chain code boundary is 

represented as a sequence of numbers, 
characterizing the points way in the contour. This 
representation is found of segments of 4-
connected and 8- connected. The points is coding 
by number in line with scheme of numeration. 

a)  

b)  

Fig. 2. Numeration of points ways for a) 4-
connected code; b) 8-connected code 
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Coefficients of Fourier transform 
  The boundary of the object can be 

represented as a sequence of coordinate pairs:  

],[ kkk yxf = , (1) 

where: 

],[ kk yx  ï coordinates of a point on the 

boundary; 

Kk ,...,2,1= ï serial number of the 

coordinates. 
Each pair of coordinates can be represented 

as a complex value: 

kkk yjxf Ö+= . (2) 

The expression for the Fourier transform of a 
finite sequence given by the equation: 
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where: 

ua ï coefficient of Fourier transform; 

kf  ï pair of coordinates, which represented as 

a complex value; 

Kk ,...,2,1= ï serial number of the 

coordinates. 

The coefficients ua  describe the boundary of 

contour and named descriptors of boundary. 
The inverse Fourier transform, applied to these 

coefficients, can restore boundary of contour kf : 
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If for inverse Fourier transform we use not all 

K  coefficients, but only part of them ïR , then the 
result of recovery will be: 
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So, the result )(kf
Ø

 will be approximately 

described the original sequence )(kf . The 

accuracy of this approximation will depend on the 
number of Fourier coefficients used. In followed 
figure we can see it. 

a) b) c)  
Fig. 3. ʘ) original image; b) inverse Fourier 

transform for 100% of coefficients; c) inverse 
Fourier transform for 10% of coefficients 

I have been chosen second method ï 
Coefficients of Fourier transform, because testing 
has shown a high rate calculations. 

Contour classification 
The classification is based on a comparison of 

the input contour with the etalons. I was allocated 
2 etalons of cars and 3 etalons of people. At this 
stage I have examined two ways of comparing 
arrays of descriptors: 

The correlation coefficient; 
Euclidean distance. 

Vectors which compared is 1q  and 2q . The 

correlation coefficient between two vectors is: 
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Euclidean distance: 
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Etalons 
Allocated etalons of people and cars situated 

on next figure. 

a)  b)  c)   

d)  e)  
Fig. 4. a, b, c, d, e. Etalons of people and cars 
When creating the etalons of people and cars, 

emphasis has been on a variety of poses (people) 
and changing the observation point (cars). 

Results of research 
It was made a comparison of two methods of 

classification: the correlation coefficient and 
Euclidean distance. I imported 653 images of 
contours. Correct results of classification are in the 
table. 

 
Table 1. Results of classification descriptor arrays 

Method Number of correct 
classified images, % 

The correlation 
coefficient 

78  

Euclidean distance 89  

 
We can see that method Euclidean distance is 

more correct. 
Conclusion 
For solution of problems, such as description 

and classification of contours, was analyzed some 
special books. It was books with a theoretical 
packs for this theme. 

At result was created a model of classification 
of image with contour for either class: person or 
car. On the basis of this model was created a 
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computational algorithm. This algorithm was 
realized in Matlab. 

Then was tasted ways of description and 
classification of contours for performance and 
quality. 

In future I plan to realize the algorithm in C++ 
Visual. Also I plan describe the etalons of contours 
more accurately and expand a classification 
(trucks, plains, beasts, birds). After them itôs 
necessary to solve a problem of allocation a 
contour of moving object from video. 
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The subject matter of this work is JPEG-like 
image compression algorithms. At the present time 
the most common method of image compression 
with losses, called JPEG, is based on quantization 
and static coefficient coding of Discrete-Cosine 
Transformation (DCT). However for such aims, as 
image compression, we can use different 
orthogonal transformations. In this article the other 
types of orthogonal transformations such as Walsh 
function transformation and Discrete-Pseudocosine 
Transformation (DPCT) will be considered. 

 
Introduction 
 

JPEG (Joint Photographic Experts Group) is the 
most common image format used by digital 
cameras and other photographic image capture 
devices. JPEG is also the method of image 
compression which allows compressing data of 
multigradation images with reasonable speed and 
good efficiency. The JPEG algorithm uses 
Discrete-Cosine Transformation (DCT) [1] for 
compressing pictures. However for implementation 
of such kind of transformation it is necessary to 
execute large number of calculations with floating 
point. It is possible to say that calculation of 
Discrete-Cosine Transformation and reverse 
transformation form of DCT (called IDCT) are one 
of the most time-consuming and time-wasted 
procedures which should be executed until images 
compression and extraction procedures are done. 
It all means that such procedure as Discrete-
Cosine Transformation is highly needed to be more 
optimized for improving the speed and efficiency of 
work of software and hardware which performs all 
compression and extraction operations. 

 

Common scheme of image compression 
 

For the aim of optimization and further 
manipulations, the original discrete image is 
divided into small scale square fragments or 
sequences of N elements and each of such 
separate parts of original image is processed 
independently with the use of transforming matrix F 
defined by chosen type of orthogonal 
transformation in process of compression and 
using the F

-1
 reverse transformation matrix in 

procedure of recovering. In the most general form 
the scheme of digital images compression with the 
use of orthogonal transformations looks like the 
scheme presented in pic.1. 

 

 
Pic.1. The scheme of digital images compression 
with the use of orthogonal transformations 
 

The two-dimensional orthogonal transformation 
is calculated by the formula: Y = kPXP

T
. Here X ï 

the matrix of input values, Y ï the matrix of output 
values (set of output coefficients), P ï the matrix of 
transformations, k ï a scalar scalable factor. Now, 
letôs consider the matrix Y

T
: Y

T
 = kPX

T
P

T
. Define 

the Z matrix as Z = PX
T
. Then matrix Y

T
 will 

transform to Y
T
 = kZP

T
 and matrix Y will transform 

to Y = kPZ
T
. So then the calculation of matrix Y of 

output values can be reduced to just two 
consistently executed operations of two matrixes 
multiplications in which the first matrix is the same. 
That fact simplifies the creation of software and 
hardware realizations of such compression 
algorithm.  
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Discrete orthogonal transformation based on 
Walsh function 
 

Discrete-Cosine Transformation is not the only 
orthogonal transformation which we can apply in 
image compression algorithms. Letôs take a look 
on the Walsh orthogonal transformation [2]. Such 
orthogonal transformation is characterized by the 
fact that this transformation can be reduced to 
simplest addition and subtraction operations.  

In the technical literature one can find several 
methods of how transformation matrix is formed. 
For discrete orthogonal transformation based on 
Walsh function with arranging by Adamarôs method 
we can create the transformation matrix P by using 
recursive method of creation block matrix based on 

formula: Ὄ  
Ὄ Ὄ
Ὄ Ὄ

. Most often the 

original image is divided to blocks of 8x8 pixels 
resolution. For such case the matrix of orthogonal 
transformation will look like this: 

  

ὖ  

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ
ρ ρ ρ ρ ρ ρ ρ ρ
ρ ρ ρ ρ ρ ρ ρ ρ
ρ ρ ρ ρ ρ ρ ρ ρ
ρ ρ ρ ρ ρ ρ ρ ρ
ρ ρ ρ ρ ρ ρ ρ ρ
ρ ρ ρ ρ ρ ρ ρ ρ
ρ ρ ρ ρ ρ ρ ρ ρ
ρ ρ ρ ρ ρ ρ ρ ρỨ

ủ
ủ
ủ
ủ
ủ
ủ
Ủ

. 

 
The fast Walsh transformation use 

decomposition of matrix P by three matrixes which 
significantly reduces the number of necessary 
operations because existence of big amount of 
zeroôs in derivative matrixes: 

 

ὖ  

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ
ρ π π π ρ π π π
π ρ π π π ρ π π
π π ρ π π π ρ π
π π π ρ π π π ρ
ρ π π π ρ π π π
π ρ π π π ρ π π
π π ρ π π π ρ π
π π π ρ π π π ρỨ

ủ
ủ
ủ
ủ
ủ
ủ
Ủ

Ø 
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π π π π π ρ π ρỨ

ủ
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x 

 

x

ụ
Ụ
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Ụ
Ụ
Ụ
Ụ
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ρ ρ π π π π π π
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π π ρ ρ π π π π
π π ρ ρ π π π π
π π π π ρ ρ π π
π π π π ρ ρ π π
π π π π π π ρ ρ
π π π π π π ρ ρỨ

ủ
ủ
ủ
ủ
ủ
ủ
Ủ

. 

 
For multiplication the matrix of transformation to 

one column vector of the original data it is 
necessary to carry out 24 addition operations. It 
means that to transform all input square matrix with 
resolution 8Ĭ8 we need to calculate just 2Ĭ8Ĭ24 = 
384 addition operations at all.  
 
Discrete-Pseudocosine Transforming (DPCT) 
 

In such method the transformation matrix P can 
be created from orthogonal transformation matrix 
DCT by replacing the values of the trigonometric 
functions with their approximate values which can 
help to present this matrix as a multiplication of two 
special viewed matrixes D and C. The C matrix 
permits factored representation in a form of poorly 
filed matrixes consisting of elements from a set of 
numbers {-2, -1, 0, 1, 2}. 

So that transformation matrix P = D*C, where 

Ὀ
Ѝ Ѝ Ѝ Ѝ Ѝ Ѝ Ѝ Ѝ

 in 

case of eight dots (pixels),  
 

ὅ  

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ
ρ ρ ρ ρ π π π π
ς ρ ρ ς π π π π
ρ ρ ρ ρ π π π π
ρ ς ς ρ π π π π
π π π π ρ ρ ρ ρ
π π π π ς ρ ρ ς
π π π π ρ ρ ρ ρ
π π π π ρ ς ς ρỨ

ủ
ủ
ủ
ủ
ủ
ủ
Ủ

Ø 

 

x

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
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ρ π π π ρ π π π
π ρ π π π ρ π π
π π ρ π π π ρ π
π π π ρ π π π ρ
ρ π π π ρ π π π
π ρ π π π ρ π π
π π ρ π π π ρ π
π π π ρ π π π ρỨ

ủ
ủ
ủ
ủ
ủ
ủ
Ủ

. 

 
Multiplication by matrix C requires calculating 

24 addition operations and 4 bitwise shift 
operations. For converting the full square matrix 
with resolution 8Ĭ8 we need to carry out 2Ĭ8Ĭ24 = 
384 addition operations and 2Ĭ8Ĭ24 = 64 bitwise 
shift operations.  

Discrete-Pseudocosine Transformation is the 
simple approximation of Discrete-Cosine 
Transformation which saves orthogonal properties. 
Such algorithm allows avoiding multiplication 
operations in process of coefficients calculations 
which helps to increase speed of compression 
algorithm. 
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So far as such orthogonal transformation is 
actually the form of Discrete-Cosine 
Transformation the compression ratio of 
compression algorithm based on DPCT is almost 
the same as of JPEG [3]. 

 
Conclusion 
 

The fast two-dimensional discrete 
transformations discussed here have low hardware 
requirements and high speed of work in addition to 
good enough quality of reconstructed images 
which are insignificantly inferior to JPEG quality. It 
makes such orthogonal transformations very 
effective while applying in software and low-cost 
hardware codecs (for example in digital cameras) 
and also in other spheres of human endeavor that 

require fast algorithms to process and transition 
images.   
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Logging is the process of storing critical 
information about the network events. The logs can 
be stored in simple text files as well as in a 
database. The log format can be defined by a user. 
Logging is very useful for analyzing the data for 
critical issues, application failures, hardware issues 
and finding other important information about the 
computer network.  The logged information is used 
for the diagnostic purposes. Network logging 
provides the information like line, count, date, error 
message, application, protocol and actions. 

 
Figure 1. Collecting network messages 
The logging provides improved security and 

ease of administration.  In the computer network, 
the routers, servers, client computers, wireless 
access points and other network devices should be 
logged to get the detailed report about your 
network.  With the log files, it is very easy to 
diagnose and troubleshoot the errors that are 
generated due to the software, hardware, 

securities and network applications. There are 
different tools that are used to log the information 
on the networks. 

In Windows-based computers, there is a utility 
known as Event View that is used to log the 
System, Applications, Security, Internet Explorer 
and other things. 

In the Unix-based computers, there is a service 
called Syslog, which is also available in other 
systems. The Syslog protocol is used in some 
third-party systems for Windows. It has become an 
industry standard, so most of the modern devices, 
including Cisco systems, can send messages to 
Syslog server directly using built-in features. 

Each Syslog message includes a priority value 
at the beginning of the text. The priority value 
ranges from 0 to 191 and it is made up of the 
Facility value and the Level value. The Facility 
value is a way of determining which process of the 
machine created the message. Since the Syslog 
protocol was originally written on BSD Unix, the 
Facilities reflect the names of Unix processes and 
Daemons. Message header also contains date and 
device hostname or IP address. 

Message example: 
<PRI> Jul 10 12:00:00 192.168.1.1 SyslogGen 

MESSAGE TEXT 
The priority value is calculated using the 

following formula: 
 
Priority = Facility * 8 + Level 
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The list of Facilities available: 

1. kernel messages;  
2. user-level messages;  
3. mail system;  
4. system daemons;  
5. security/authorization messages; 
6. messages generated internally by 

syslogd;  
7. line printer subsystem;  
8. network news subsystem;  
9. UUCP subsystem;  
10. clock daemon; 
11. security/authorization messages; 
12. FTP daemon;  
13. NTP subsystem;  
14. log audit 
15. log alert; 
16. clock daemon; 
17. local use 0  (local0);  
18. local use 1  (local1);  
19. local use 2  (local2);  
20. local use 3  (local3); 
21. local use 4  (local4);  
22. local use 5  (local5);  
23. local use 6  (local6); 
24. local use 7  (local7). 

 
If you are receiving messages from a Unix 

system, it is suggested that you use the 'User' 
Facility as your first choice. Local0 through to 
Local7 are not used by Unix and they are 
traditionally used by networking equipment. Cisco 
routers, for example, use Local6 or Local7. 

 
The list of severity Levels: 
 

1. Emergency: system is unusable;  
2. Alert: action must be taken 

immediately;  
3. Critical: critical conditions;  
4. Error: error conditions;  
5. Warning: warning conditions;  
6. Notice: normal but significant condition;  
7. Informational: informational messages;  
8. Debug: debug-level messages.  

 
Recommended practice is to use the Notice or 

Informational level for normal messages. 
The Syslog server can listen for UDP messages 

and TCP messages. Normally Syslog messages 
are sent using UDP. Some networking devices 
such as the Cisco PIX firewall can send messages 
using TCP to ensure each packet is received and 
acknowledged by the Syslog Server.  

Also, there are reliable message delivery 
mechanisms available in the Syslog protocol. They 
are described in RFC 3195 document. 

Along with the simple collecting of messages, 
modern logging systems allow you to set rules for 
additional messages processing and have built-in 
tools for running a user written scripts to extend 

functionality and perform some custom actions. 
Moreover, instant notifications to all the interested 
staff can be sent by using some available 
communication channels from e-mail to SMS and 
messages in social networks. As a reason for 
notification any message can be used, for 
example, a server failure or lack of disk space for 
logging. Sound notification on the workplace is 
also available. 

 
Possible actions when a message is received: 
Å Display message on screen; 
Å Log to file; 
Å Forward to another host; 
Å Play a sound; 
Å Run external program; 
Å E-mail message; 
Å Send Syslog message; 
Å Log to ODBC database; 
Å Log to NT Event log; 
Å Send pager or SMS message; 
Å Send instant message; 
Å Send SNMP Trap; 
Å Run Script; 
Å Stop processing message (it causes server 

to stop processing the current message any 
further). 

 
Archiving and backing up log in the system are 

automatic. Archiving is performed for old records 
which are not likely to be used. If you need this 
data, it can still be accessed by extracting from 
archives. Just as the archiving tasks are 
scheduled, any other task can be scheduled as 
well to be executed at specified time, once, 
periodically, or triggered by some event. 

For easy log reading there are special tools 
allowing you to filter the required data by desired 
criteria of any complexity, highlight lines or mark 
them in some other way. Criteria can be things like 
time when message was received, its type, priority 
or source. Filtration, along with simple selection of 
lines containing selected words, can include 
features such as use of regular expressions, IP 
address range filter, subnet mask filter, priority and 
timeout filter, time of day and time interval filter. 
Also, the log itself can be stored in different files or 
database tables, depending on messages source 
and type, and divided into separate parts for 
different periods of time. For example, new log file 
can be started each day. Organizing the log in this 
way significantly decreases the time spent finding 
the piece of data you need. 

Providing Web-interface for logging system, you 
can allow the access to log from any place and 
device including mobile devices like smartphones. 
Having instant log access, instructions for fixing 
network issues can also be given very fast, no 
matter where the information about failure has 
reached you. 

Using messages forwarding software, you can 
reach seamless integration of several logging 
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systems in one network, for example, deliver 
Syslog messages to Windows Server based 
systems. Tools like SyslogAgent allow Windows 
EventLog events as well as other Windows 
applications logs to be sent to a syslog server. 
SyslogAgent is installed as a transparent service 
on Windows. 

Based on the data received you can build 
graphs and statistics, which can also be used in 
scripts and notification system. For example, 
message can be sent if during the last hour the 
amount of messages has suddenly grown up to the 
cap of few thousand. Analyzing the graphs you can 
see how system activity changes over time in 
different periods or what influence some events 
have on your system and find its possible 
weaknesses and capabilities to take further actions 
in system support or improvement. 

If you need to process log data in external 
application, there is usually no means in logging 
systems to export data in different formats, so you 
have to deal with database access mechanisms 
directly (if you have a log stored in a database) or 
work with plain text files, that is quite a simple task 
at most times. 

One of the possible development directions for 
such systems is use of their logs inside the expert 
system built into the network monitoring solution. 
Based on log data received from network 
infrastructure, each message can be identified and 
classified to create a database of possible network 
issues, things that cause them and ways of solving 
these problems. Having such data, you can build 
processing algorithms for each issue case and 
provide recommendations for further actions to 
personnel maintaining your network. 
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This paper discusses the algorithms for 
calculating CRC32 checksum. The work is based 
mainly on the algorithms described in the literature. 
During the course of work an algorithm for 
computing the CRC32 checksum compiled and 
applied practically in PKZIP, WinZIP, ETHERNET. 
The example showed  that the algorithms 
described in the literature and applied practically, 
produce different checksums. 
 
Introduction 

Methods of error detection are designed to 
detect damage to communications during 
transmission through a noisy channel (contributing 
errors). To do this, the sending device calculates a 
number called a checksum and is a function of the 
message, and adds it to this post. Checksum is a 
value calculated from the data set by applying an 
algorithm and used to validate data integrity during 
transfer. The receiver, using the same algorithm 
that calculates a checksum of the received 
message and compares it with the passed value. 

Usually, the checksum is sent to (read) in the end 
of the message: 

<original unaltered message> <checksum> 
CRC - cyclic redundancy code (born Cyclic 

redundancy code) - an algorithm for computing the 
checksum, designed to verify the integrity of 
transmitted data. CRC algorithm detects all single 
errors, double faults and errors in an odd number 
of bits. CRC is commonly used in data 
transmission protocols (Ethernet, Bluetooth, 
ZigBee) and archivers of data (Pkzip, Winzip). 

The paper discusses the direct and inverse 
table checksum algorithm CRC32. Both algorithms 
are based on calculating the byte CRC. However, 
direct table algorithm, described in the literature [1] 
and the inverse table algorithm used in practice [2] 
produce different checksums. 

The classic algorithm for computing the 
checksum 

The classical algorithm is based on polynomial 
arithmetic. Its implementation is a bitwise division 
of the polynomial representing the data (file) on a 
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generator polynomial, which is calculated 
depending on the application of the algorithm. In 
this case, it will be a polynomial 104C11DB7, used 
by PKZIP, Winzip, Ethernet [3]. 

 
Fig. 1. Schematic representation of the classical 
algorithm. 

 
Classical algorithm can be implemented using 

an iterative sequential shift of data in register by 
one bit [4]. As a result of this operation a checksum 
will be in the register (Fig. 1). 

At the initial stage, the register contains a null 
value. The first step consists of shifting register 
data by one bit from the least significant bits to the 
most significant ones and adding data bits (files) to 
junior ranks of a register. In the second step is the 
advanced bit of significant bit register is checked. If 
the bit is equal to zero, then a transition to the 
fourth step is carried out. If the bit is set to 1, then 
a transition to the third step is made. On the third 
step the advanced bit is added to 1, 2 and 3 
register bits, according to module 2 and the result 
is written into the appropriate register cells. The 
fourth step is to check whether all the bits have 
passed through the register. If the condition is 
false, then a transition to the first step is carried 
out. If the condition is true, the register contains a 
checksum. Thus the work of the algorithm is 
accomplished. 

The main drawback of this algorithm is that the 
operations are performed bitwise, which 
significantly slows down its performance. Therefore 
we can apply the accelerated algorithms for 
computing the checksum, in terms of blocks of bits 
- bytes. Next to be considered different 
implementations of table algorithms. 
 
Direct table algorithm 

This algorithm is widely found in the literature 
[1] and based on the fact that in calculating the 
CRC32 checksum-byte offset can be used, as well 
as a table, calculated on the basis of forming the 
polynomial (Fig. 2). 

 
Fig. 2. Schematic representation of direct table 
algorithm 
 

This algorithm uses 4-byte register, in which the 
checksum will be recorded. Letôs consider the 

direct table algorithm (Fig. 4) in details. At the initial 
stage the register contains a value of FFFFFFFF in 
hex. 

In the first step a shift of register contents to a 
single byte to the left (from low to high bytes) and 
the addition of bytes from the file are carried out. 
Data from the file are read by sequential shift, 
starting with the highest byte and finishing with the 
lowest byte. 

In the second step, the byte advanced from the 
register is used as an index inside a table of 32-bit 
values. In the third step the addition of 32-bit value 
in the table with the contents of the register is 
carried out according to module two. The result is 
written back into register. The fourth step is to 
verify whether all the bytes have passed through 
the register. If the condition is false, the transition 
to step 1 is carried out. In the case of this 
condition, the register will contain the checksum. 
Here the work of an algorithm is accomplished. 

In practice (in archivers PKZIP, WinZIP and 
protocol ETHERNET) [2] uses a different table 
algorithm, characterized by the realization of this 
that, as will be shown later, leads to the 
incompatibility of the results of calculating the 
checksum. 

Reverse table algorithm 
The main difference between this algorithm and 

direct one is that the data is read from the lower 
byte of the file [2] and modified table of 32-bit 
values is used (Fig. 3). Changes in the table are 
due to the fact that 32-bit values in the table and 
their position are mirrored.  

 
Fig. 3. Schematic representation of the reverse 
table algorithm 
 

At the initial stage, as in the direct table 
algorithm, the register contains a value 
FFFFFFFFh. The first step is a shifting register 
contents to the right by one byte (byte from high to 
low). Data from a file is read by the serial shift from 
low-order byte. The second step consists of adding 
advanced byte to a new byte of data according to 
module two. 

In the third step the result of addition is used as 
an index of 32-bit value in the table. The fourth 
step is addition of the contents of the register to 
a32-bit value in a table according to module 2. 
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In the fifth step it is checked whether all the 
bytes of the file has been read. If the condition is 
false, then a transition to the first step is carried 
out. In case this condition is true the register will 
contain the checksum. Here the work of an 
algorithm is accomplished. 

It is this algorithm that is used in practice when 
calculating the CRC32 checksum in PKZIP, 
WinZIP archivers and ETHERNET protocol [3]. A 
feature of this algorithm is that the data file is read 
from the lower byte, which is more convenient. 
However, as mentioned in the description of a 
direct table algorithm, in this case there are 
discrepancies in the results of checksum 
calculation compared with the usual division. 
 
Examples of calculations CRC32 

The following are examples of calculations 
CRC32 checksum for each file, using forward and 
reverse algorithms table. For a text file containing a 
set of characters 1234567890, direct table 
algorithm CRC32 checksum is 6929ACD0, and for 
reverse table algorithm - 261DAEE5. For the same 
file (picture.jpg), containing a JPEG image for 
direct table algorithm CRC32 checksum is 
569B681, and for the reverse table algorithm - 
FF134C9B. 

 
Conclusion 

From existing publicly available source codes 
an algorithm for computing the CRC32 checksum 
[2] was reconstructed. It is used in practice: for 

data transmission protocols (eg, Ethernet, 
Bluetooth), archivers (for example, Pkzip, Winzip). 
It was illustrated that during the application of table 
algorithms (described in the literature [1] and the 
algorithm used in practice [2]) different CRC32 
checcksums (with the same generator polynomial) 
were obtained. This is due to the changed order of 
reading bytes from a file in the algorithms. The 
ability to read the file from junior or senior byte 
requires a different approach to the implementation 
of the algorithm. To avoid differences in obtained 
results it is recommended to specify which 
algorithm is used for calculating the CRC. 
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The term string analysis is often used in a 
common meaning and refers to a wide class of 
problems such as: the localization of the specified 
selection of the longest matching substrings, 
calculation of the distance between two lines etc. 

A common problem is searching the samples 
which occur in determined sequence of the 
symbols more than one time. In this case a 
specification is needed. 

First of all our sequences are one-dimensional 
and consist of symbols. To comply with the stated 
requirements they should be limited to ASCII-
letters without çspaceè, while strings (chains) 
consisting of these letters should be regarded as 
independent symbols. Then mentioned text 
sequences are composed of such symbols 

separated by çspacesè. In this case an 
aggregating of symbols tends to infinity. That is 
why an alphabet which unites all mentioned ASCII-
letters and çspaceè should be used. Here, a chain 
of letters on this finalized alphabet is becoming a 
sequence. 

Now a notion of sample should be determined. 
It is convenient to consider sample as a 
subsequence consisting of source sequence 
letters but in the same order. Private case of 
subsequence is a substring (consists of a number 
of adjacent source sequence letters).  

Further, we should determine how many 
samples with çkè length in çnè sequence can be in 
total. First of all letôs look at substrings. From a 
sequence we can extract (n ï k + 1) substrings 
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with çkè length. Common number of substrings 
can be calculated by making a sum. The following 
formula is used: 
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Thus, evaluation of common substrings quantity 
is O(n

2
)[1]. 

Using subsequences instead of substrings can 
show us that upper limit of their quantity is 
powered (every source sequence letter is in one of 
two states relatively to a given subsequence which 
means it is either included or not included in it). So, 
it is possible to get 2

n
 subsequences, including 

empty string ɝ. 
Further, it is necessary to determine the 

meaning of repeated subsequences. Repeated 
examples of sample must be totally different. In 
this case, only not intersected repeated samples 
should be considered. For instance: AB 
subsequence canôt be repeated in sequence AAB 
because its elements arenôt intersected because 
they consist of the same symbol B.   

Finally, knowing that the quantity of 
subsequences in sequence is O(2

n
), it is possible 

to observe that the number of not intersected 
repeated subsequences in the worst case is 
exponential. Letôs consider the square with 2

n
 

length that is x
2 

string, where x consist of n 
different letters. (For finite alphabets n value is 
limited by alphabet power). x

2 
sequence will 

contain 2
n
 - 1 repeated subsequences without ɝ. 

However, there is only one max repeated 
subsequence, in particular x. For instance: we 
have x

2
 = ABCABC for x = ABC. Not intersected 

repeated subsequences are A, B, C, AB, AC, BC 
and ABC, and every of this is subsequence of the 
max repeated subsequence ABC. 
Letôs introduce the restriction: it is necessary to 

find the only max of not intersected repeated 
subsequence.  
So, letôs make a more rigorous formulation of 

the problem. Firstly, it is necessary to introduce a 
suitable designation: 

1. x string with |x| = m length is written as 
x1x2...xm, where çxiè is the çiè symbol of çxè. 

2. xixi+1éxj substring of çxè string, where i Ò j 
Ò m, will be denoted as x(i, j). In case of i > j, 
reverted substring is denoted as xR(i, j). 

3. Often (x) will denote required sample and 
(y) mean text string; |x| = m, |y| = m and, definitely, 
m Ò n. 

The problem is defined. and search algorithms 
will be considered further. 

Simple algorithm of accurate search  
Letôs denote a considered text as T = t1t2t3...tn, 

and search pattern as P = p1p2p3...pm, where n >> 
m. The main problem is searching all the entrees 
of P in T. 

   Simple solution consists of subsequent 
comparison beginning with t1 and p1 symbols of T 
and P until matching or mismatching will be 

detected. In the last case we should return to the 
beginning of comparison (t1) and move by one 
letter through the text (now it is t2) and try again the 
attempt. For instance: if we search for the pattern 
çcocosè in text çcoco&tc&cocosè we will get: 

 

 
Figure 1 - Searching by pattern 

 
Four characters from the beginning match but 

fifth doesnôt. We cannot continue search beginning 
with ç&è, because third and fourth symbols (çcoè) 
of the text match with a beginning of the pattern 
and can be used as beginning of accurate 
matching. In this case it is necessary to check 
every beginning as example shows. This algorithm 
requires execution of not less than n-m+1 
comparisons and works slowly. However, it is very 
easy to program and it allows us to search using 
pattern of any length. 

BoyerïMoore string search algorithm 
There are several modifications of this 

algorithm. Comparison is not carried out between 
the first symbol of the pattern and the first symbol 
of the text but between last character of the pattern 
and the m symbol of the text (in example it is fifth). 
First of all it is necessary to compare çsè and 

ç&è; this letters are mismatched and pattern will be 
moved. The key point is that the symbol of the text 
where mismatching is detected will be defined (in 
that case it is ç&è) and the place of the pattern 
where this symbol is will be determined. 
Depending on that it is necessary to make a 
decision about size of the shift. In our example the 
letter ç&è isnôt contained in the pattern. That 
means that pattern might be shifted by (m) 
symbols to the right. 

 The next comparison will be between the last 
letter of the pattern and tenth symbol of the text 
(after shift by five positions). Tenth symbol is çoè 
and the pattern contains it in second and fourth 
positions. We should shift the pattern by one 
position because çiè in the text can be matched 
with fourth symbol of the pattern. 
Letôs go to the eleventh character of the text 

(çcè). it is contained in pattern in the first and the 
third positions; we should shift the pattern by two 
symbols which is calculated as the size of the 
pattern with subtraction of  number of the last 
position of the letter in a  text contained in pattern. 

   This leads to the thirteenth symbol çsè. But 
this time we have matching of çsè symbols. We 
should check comparison of text and pattern again 
(in this case is executed). If the last symbols are 
matched but others are mismatched we can use 
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simple algorithm with shifting by one symbol which 
has been described before, or we can use any 
other method in that case. 

The main advantage of this method is that the 
quantity of mismatching is significantly more and, 
in turn, that leads to big shifts. In considered 
example when we use BoyerïMoore string search 
algorithm we need only eight comparisons instead 
of twenty in simple algorithm of accurate search 
[2]. 

Accurate search algorithm of SHIFT-AND 
SHIFT-AND search algorithm was developed 

not so long ago and still isnôt widespread. It was 
published in 1992 by two explorers from University 
of Arizona and Bell Labs - Udi Manber and Sun 
Wu. Besides algorithm works fast and is easy to 
program, it has unique feature: it can be easy to 
generalize it for the case of approximate search. 
Letôs assume that it is necessary to find not only 

entrees of P in T, but entrees of all the possible 
prefixes of pattern P in T:  

P(1)=p1, P(2)=p1p2, 
P(3)=p1p2p3éP(m)=p1p2p3épm 

In our example we will consider every entry of 
five patterns: çcè, çcoè, çcocè, çcocoè and 
çcocosè. Letôs make the table which reflects for 
each position of the text, whether this position is 
the end of every of five patterns. For every position 
of the text there is five-element vector-array of bits 
where every k bit equals to one if position matches 
with the last entry of k prefix. As a result we have a 
table consisting of m rows and n columns: 

 

 c o c o & s c & c o c o S 

c 1 0 1 0 0 0 1 0 1 0 1 0 0 

o 0 1 0 1 0 0 0 0 0 1 0 1 0 

c 0 0 1 0 0 0 0 0 0 0 1 0 0 

o 0 0 0 1 0 0 0 0 0 0 0 1 0 

s 0 0 0 0 0 0 0 0 0 0 0 0 1 

Table 1 ï The table of entrees 
 

The most interesting is the last line because it 
corresponds to the searched entry of the pattern in 
text but other rows are also important. 

If to consider, for instance, two first columns of 
the table it is possible to see that the units in 

second column can appear when both of the 
following conditions are observed: 

1. The unit can be placed only in position 
which corresponds to çoè in pattern (because t2 = 
o). 

2. The unit can be placed if the first column 
has the unit in the same position. 

The first condition ensures the coincidence of 
the last latters, and the second - the coincidence of 
the previous letters. 

To check the implementation of the second 
condition it is necessary just to shift down the first 
column. To check the implementation of the first 
condition fast characteristic vectors of m length are 
prepared. 
Characteristic vector for letter çoè in that case 

has units only in second and fourth positions (in 
positions where this symbol is placed) and zeros in 
others cases - 01010. Characteristic vector for 
letter çcè - 10100, for letter çsè - 00001, so, for 
others symbols of the alphabet the characteristic 
vectors ï 00000. 

The check of the first condition is carried out by 
comparison of first column shifted down (first 
column 10000 becomes after shift *1000) and 
characteristic vector for çoè. Positions, where units 
are matched, get   single values, the other are set 
to zero. The resulting value becomes the second 
column of the table.  

The only exception relates to the first position, 
for which second condition is obviously true 
because previous position does not exist. 
Therefore, the first position is always filled with unit 
when shifted. Thus, for the third column (10100) 
after shifting and adding a unit we get 11010. Now, 
after comparison (a bitwise AND operation) with 
the characteristic vector for çoè (01010), we obtain 
01010. 

The most important, as we noticed, property of 
this algorithm is that it is possible to generalize any 
case to approximate search case. 
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Today real-time systems (RTS) are very 
common. Many of them there are several stations 
that are combining in network. There are two types 
of RTS. It is çhardè and çsoftè. But in the both 
types, one of the main measures is time. Main aim 
on the all stages of RTS development is reducing 
the response time of the input impact. Time of 
control action calculation in RTS must not be 
higher than priori set values. These restrictions are 
very hard for high-dynamic control systems.RTS 
developers should make more efforts to find 
solutions. These solutions must ensure system 
availability with restrictions. 

Major time delays in the system are occurring 
when there are two actions. First action is 
performing the software modules of technological 
algorithms, which implement function of system. 
Second action is data transmission between 
stations in local network. Data transmission via 
network happens every time, when performing the 
modules, which use resources more than one 
stations. For example, module is performed on one 
station, but necessary dates are stored on other 
stations. Time-consuming of data transmission 
between stations can be as time of modules 
performing. When computer system is developed, 
very important is determining numbers of stations 
to perform functions, and very important is 
construct local network of system to reduce time-
consuming of data transmission. [1] 

Sources data to solution of this task is 
information about microprocessor stations, which 
located on topologic area of control object, and 
about program capacity, which presented as data-
flow graph (DFG). DFG is showed on the picture 1. 

 
Pic. 2. Data-flow graph 

Circles in DFG are data, but strips in DFG are 
operations, which are performed by functions of 
RTS. Data and operations in DFG are marked by 
figured. Every figure is number of station, on them 
will be stored data and performed operations. 

Development of a common bus topology local 
network takes place in several stages. Firstly, an 
outline of local network is created, depending on 
the DFG. A number of buses and stations, and 
connections between them are determined by 
user. Secondly, matrix of transmitted data is 
determined, depending on the DFG. Last step is 
determining conflict matrix and constructing a 
graph of conflict based on conflict matrix. 

 Conflict matrix is a matrix, which shows 
presence of conflict between two elements of 
network. Rows and columns of this matrix contain 
paths of data transmission between stations. If 
paths of data transmission intersect, then in the 
cell of matrix there is a TRUE indicator, otherwise 
the indicator is FALSE. 

When local network is developed, first two 
steps are always implemented in the same way. A 
user is working out a structure of local network 
himself. After doing it, he fills matrix of transmitted 
data. Result of network analysis depends on last 
two steps. These steps are preparation for 
analysis, and the third step is creation of conflict 
matrix. It is a part of analysis of a network. There 
are few types of conflict matrix. 

First type of conflict matrix is very common. 
This algorithm was invented earlier [2]. It is 
creation of conflict matrix basing on connections of 
stations. When you create this matrix, you must 
consider connections of all stations of local 
network. If two connections are shared by one bus, 
then simultaneous date transmission to these 
connections is impossible. In this situation a 
conflict may occur. In this case, a TRUE indicator 
must be filled in the cell of matrix (on the cross 
between conflict connections). Matrix is fully 
created, when all connections are checked. 

Second type of conflict matrix is less common. 
Rows and columns of this matrix contain busy bus 
numbers, but not station connections. Construction 
of the conflict matrix can be divided into two 
stages: 

1) Conversion structure of local network to 
structure, where only buses are used, but stations 
are ignored; 

2) Analysis and conversion of structure for 
obtaining conflict matrix. 
Letôs look at each step in more detail. 
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First step of network analysis is conversion of 
structure of a local network to structure, where only 
buses are used. This stage is needed to facilitate 
algorithm of finding all paths of buses, which exist 
in this network. We check all connections of each 
bus to implement this step. If bus is connected with 
other buses, then it proceeds to the next 
connection. But if a bus is connected with station, 
then we check connection of this station with other 
buses. If a checked station has connection with 
other bus, then a connection between two buses is 
indicated and station is ignored. But if station 
doesnôt have other connections, then this 
connection is ignored in a bus. As a result there 
are transformed matrixes of bus connections, 
which contain only connections with other buses. 
Graphic solution of this stage is showed on the 
picture 2. It is connectivity graph, where all vertices 
belong to one set. This graph is more easy to use 
then more difficult graphs, where all vertices 
belong to few sets.  

 

 
Pic. 3. Conversion structure of local network to 

structure, where uses only buses 

The last stage is analysis and conversion of bus 
structure. It is done for creating a conflict matrix of 
this local network. Conflict matrix will be created 
depending on bus structure. We can fill conflict 
matrix by hand. Rows and columns of conflict 
matrix are bus paths to data transmission. 
Example of conflict matrix on buses of local 
network is showed on table 1. 

 
Table 1. Conflict matrix on buses 

x 1 2 3 4 12 23 24 123 124 234 

1 x    1   1 1  

2  x   1 1 1 1 1 1 

3   x   1  1  1 

4    x   1  1 1 

12 1 1   x 1 1 1 1 1 

23  1 1  1 x 1 1 1 1 

24  1  1 1 1 x 1 1 1 

123 1 1 1  1 1 1 x 1 1 

124 1 1  1 1 1 1 1 x 1 

234 1  1 1 1 1 1 1 1 x 

 
Conflict matrix is containing N-by-N cells, where 

N is number of tag arrays in a set. All pairs of tag 
arrays in a set are compared for filling conflict 

matrixes. If both arrays donôt have intersection (do 
not exist two elements with the same index and 
both values are TRUE), then data can be 
transmitted simultaneously on this paths. In 
appropriate cell of conflict there is FALSE indicator. 
But if both arrays have intersection, then data canôt 
be transmitted simultaneously on these paths and 
there is conflict, because two transmissions will be 
separate on one or more buses. When we 
compare all arrays of a set, there is a conflict 
matrix on the buses for current local network. 

Comparing conflict matrixes on buses and 
stations, there are advantages and disadvantages 
in both matrixes. In algorithm that creates conflict 
matrix on buses there is more time to prepare for 
analysis, but the body of algorithm works faster, 
then the one in a second algorithm. When local 
network increases in size, then the size of conflict 
matrix increases too. If station is added in network, 
then maximum existed number of cells of conflict 
matrix on stations is increased in order of 
arithmetic progression, but if bus is added in 
network, then maximum existed number of cells of 
conflict matrix on buses is increased in order of 
geometric progression. For example, there is a 
local network with three buses and six stations. 
Maximum existed number of cells of conflict matrix 
on buses is seven, but maximum existed number 
of cells of conflict matrix on stations is fifteen. 
Propose that a number of stations and buses 
increase by one. After addition, maximum existed 
number of cells of conflict matrix on buses is 
fifteen, but maximum existed number of cells of 
conflict matrix on stations is twenty one. Size on 
buses is increased by 7, on stations by 6. 

Creation of conflict matrix on buses is more 
effective for small and middle networks, because 
for creation and storing all matrixes less recourse 
are used then in algorithm for stations. It is true, 
the maximum size of conflict matrix on buses is 
bigger than size of conflict matrix on stations, 
because in paths for conflict matrix on buses only 
neighboring buses are used and many existed 
paths unused. As a result this method is more 
effective to simulate local network in RTS, because 
need less time for performing. 
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For a long time development, support and 
employment of web map services or web-GIS have 
been a prerogative of government agencies and 
big companies. Such services were notable for its 
locality and narrow subject orientation. Users who 
had an access to these services and their data had 
an opportunity only to view them. But after global 
map service Google Maps had been released in 
2005 and API to this service had been published 
the way of development and use of web map 
services had considerably changed. Since that 
every user who had an Internet access had been 
having an opportunity not only to view web maps 
but develop and publish their own ones.  There 
was a possibility of global-resource sharing, 
addition and editing of the data on map as well. 
These data are called VGI (volunteered 
geographic information). Thus the conception Web 
2.0 which is based on user-generated content was  
projected on web-GIS. 

Volunteered Geographic Information (VGI) is a 
type of citizen science which is connected with 
spatial data. Nowadays it is a new growing area of 
information gathering.  The author of the term VGI 
is geographer Michael F. Goodchild who noted that   
"a remarkable phenomenon ... has become evident 
in recent months: the widespread engagement of 
large numbers of private citizens, often with little in 
the way of formal qualifications, in the creation of 
geographic information, a function that for 
centuries has been reserved to official agencies. 
They are largely untrained and their actions are 
almost always voluntary, and the results may or 
may not be accurate. But, collectively, they 
represent a dramatic innovation that will certainly 
have profound impacts on geographic information 
systems (GIS) and more generally on the discipline 
of geography and its relationship to the general 
public. I term this volunteered geographic 
information (VGI), a special case of the more 
general Web phenomenon of user-generated 
content ..."[1]. 

User-generated content, and its subset, 
volunteered geographic information, covers a span 
of geographically-based initiatives and abilities, 
including such novel applications as Wikipedia, 
Wikimapia, OpenStreetMap, and the overall 
concept of web mashups (overlaying disparate 
data and existing maps to produce a new map). As 
Goodchild states:  "These are just a few examples 
of a phenomenon that has taken the world of 
geographic information by storm and has the 
potential to redefine the traditional roles of 
mapping agencies and companies."[1]. 

VGI systems (volunteered GIS) are always put 
in contrast to systems which are developed by 
government agencies and big companies. The 
main difference is in the principles of data 
application. In VGI systems data can be added by 
any user who uses this system. Herewith it is not 
necessary for users to be a specialist in 
geoinformatics or mapping. On the one hand this 
opportunity allows to support data actuality at top-
level, that is to quickly react on changes and 
amend a map immediately. On the other hand 
these data can be incorrect as only users bear 
responsibility for its credibility. In government and 
private systems data are added by experienced 
users who are acquainted with geographic 
information technologies and peculiarity of map 
information. In such systems data are reliable and 
correct. But the problem is in alteration which can 
be enough prolonged as opposed to volunteered 
GIS. 

Thus  the accuracy of the information provided 
and how useful it will be in the future are one of the 
most important problems. As Goodchild points out, 
heavily-relied-upon mapping sites such as Google 
Earth have a well-known error component ï they 
are not 100% accurate. Professional GIS scientists 
recognize this, the public may not, and use of 
available technology such as this comes with built-
in error issues [2].  Nevertheless VGI technology is 
moving forward and its popularity continues to 
grow from day to day.   

Because data accuracy is an overriding factor 
in the usability of VGI, a strong data vetting 
mechanism is needed.   Some current VGI projects 
have strongly stressed this need for accuracy, and, 
indeed, eBird,  which is one of the largest VGI 
projects currently underway, states that:  " A 
database is only as good as its weakest record.  If 
even a few records can be deemed questionable, 
then the entire data set can be labeled as such.  
With that in mind, we should all strive to keep the 
eBird data as clean as possible. You can do your 
part by being conservative in the field and 
meticulous in your data entry, and we can do ours 
by building better connections between the eBird 
community and scientists" [3]. 

Overall, the use and validity of VGI is 
dependent on the use that will be made of the 
data.  This is where the geographic extent of the 
data comes into play.  For regional and national 
studies, precise spatial accuracy is probably not an 
issue. However, for local studies, and for studies 
looking at development of predictive models, both 
spatial and attribute accuracy need to be high.  

mailto:christina.petrovich@mail.ru
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Valid VGI projects need to assess how their data 
will be used and what the acceptable accuracy 
levels will be [2]. 

Because volunteer initiatives are based on 
developing a cohort of keen individuals with 
enough experience and skill in their area of interest 
to make significant contributions, it is important to 
ensure that the VGI system they participate in 
meets certain requirements.  Volunteers must 
remained engaged, and the product of their work 
should be readily seen.  Some keys factors in 
retaining volunteer contributions include the 
following: 

¶ One of the most important aspects to 
volunteer data collection centers around 
contributions: contributions to the system should 
be easy.  Complex systems that require too many 
steps will turn volunteers off and reduce the 
numbers of contributions.  

¶ Contributors want to be able to view the 
results of their contributions, especially maps.  
While interactive GIS maps are the best way to 
map data, they are not necessarily the most user 
friendly. It is important to develop maps that are 
readily viewable and do not require familiarity with 
GIS mapping icons, for example.  The means by 
which the public interacts with the maps should be 
as intuitive as possible without the need for 
extensive tutorials to view the data. 

¶ Web sites and public interfaces should be 
current.  If the information provided on a project 
web site is not current, then users and participants 
will drift.  

In the mid 1990s the U.S. Federal Geographic 
Data Committee published its Content Standards 
for Digital Geospatial Metadata, a format for the 
description of geographic data sets. The project 
was very timely, given the rapid increase in the 
availability of geographic information via the 
Internet that occurred at that time. Metadata were 
seen as the key to effective processes of search, 
evaluation, and use of geographic information. [1] 
Nevertheless, and despite numerous efforts and 
inducements, it remains very difficult to persuade 
those responsible for creating geographic data 
sets to provide adequate documentation.  

Given this evident reluctance to provide 
documentation, it is perhaps surprising that the 
opportunity to create and publish VGI has engaged 
the interests of so many individuals.  

Self-promotion  is clearly an important motivator 
of Internet activity, and in its extreme form can lead 
to the exhibitionism of personal web-cams. Despite 
the vast resources of the Web, it is still possible to 
believe that someone will be interested in ones 
personal site. The popularity of some blogs can be 
misread as suggesting that an audience exists for 
any blog. 

At a different level many users volunteer 
information to Web 2.0 sites as a convenient way 
of making it available to friends and relations, 
irrespective of the fact that it becomes available to 

all. This may underlie the popularity of sites such 
as Picasa, which allow contributors of personal 
photographs to point others to them, but it scarcely 
explains the popularity of Flickr or Wikimapia, 
where content is comparatively anonymous. 
Contributors to OpenStreetMap may derive a 
certain personal satisfaction from seeing their own 
contributions appear in the patchwork, and from 
watching the patchwork grow in coverage and 
detail, but there can be no question of self-
promotion in this essentially anonymous project [1]. 

 

 
Pic. 1. Open Street Map interface 

 
VGI has the potential to be a significant source 

of geographersô understanding of the surface of 
the Earth. By motivating individuals to act 
voluntarily, it is far cheaper than any alternative, 
and its products are almost invariably available to 
all. 

It is already clear in many fields that such 
informal sources as blogs and VGI can act as very 
useful sources of military and commercial 
intelligence. The tools already exist to scan Web 
text searching for references to geographic places, 
and to geocode the results. Thus the most 
important value of VGI may lie in what it can tell 
about local activities in various geographic 
locations that go unnoticed by the worldôs media, 
and about life at a local level. It is in that area that 
VGI may offer the most interesting, lasting, and 
compelling value to geographers. 
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Introduction 
Mathematic modeling is widely used in solving 

various problems in geophysics and geology. 
Considering costliness and often also impossibility 
of conducting experiments in the real environment, 
many of the issues of fieldwork methods and 
interpreting the results of treatment processing and 
obtaining the final results of geological results are 
solved with the help of mathematical modeling. 
Purpose of this research is mathematical model 
creation that will allow evaluating spatial position of 
nonvertical wells. 

Directional drilling gradually becomes the main 
type of drilling both on land and in sea at sinking of 
wells from fixed sea platforms. At the same time 
there is a tendency to requirements increase for 
the accuracy of hitting bottom wells at a given point 
and for compliance with the design of the borehole. 
That is why there is a need to ensure effective 
control of the spatial position of a wellbore [1].  
Problem statement 

Currently inclinometers are used for this 
purpose. An inclinometer or a clinometer is an 
instrument for measuring angles of a slope (or tilt), 
elevation or depression of an object with respect to 
gravity. In particular it is used for measuring the 
angle of drilling in well logging. Usually 
inclinometers don't operate on tilt angle that is less 
than 3Á and hold significant errors in estimate of 
zenith angle. This leads to uncertainty about the 
true location of the wellbore and large imprecision 
in the well data analysis. 

Vertical seismic profiling method (VSP) can 
provide the initial data for the wellbore position 
estimation. VSP is a method of borehole and near 
borehole seismic surveys in seismic frequency 
range. The method is based on experimental study 
of the propagation of seismic waves in interior 
points of the real medium [2]. 

The scheme of observations in VSP (figure 1) is 
determined by the position of excitation points (EP) 
and arrangement of reception center (RC). For the 
standard VSP technology reception unit is located 
in the well and displaced vertically occupying 
different positions in depth. Excitation of seismic 
signal takes place on the Earth's surface [3]. The 
time during which the signal reaches the given 
point is recorded in the reception center. Transit 
time and EP coordinates allow us to construct a 
system of equations. From this system we can find 
an average speed of the signal and the RC 
coordinates. 

 
Figure 1. The scheme of observations in VSP 
Real environments in petroleum geology and 

geophysics are usually described by layered 
models. It is assumed that velocity and density 
change monotonically inside layers. On the 
borders these parameters have discontinuity. That 
is why it is advisable to use an average speed 
which specifies the medium averaged 
characteristics from the surface observations to the 
predetermined depth. Using of average speed is 
acceptable because usually all EP are located in 
one layer, so waves from every EP pass the same 
number of layers. 

Algorithm description 
Suppose we know the location of EP. It is 

required to find the RC coordinates and average 
speed if we know the arrival time of the waves from 
each EP to the RC due to the different VSP 
observations. 

If we assume that average speed ɡ of the wave 
propagation in this medium from every EP is the 
same then the connection between RC 
coordinates (xr, yr, zr), EP coordinates (xi, yi, zi) and 
arrival time ti can be determined by a system of 
nonlinear equations (1). Each equation describes 
sphere with radius tiɡ and focus (xr, yr, zr). The 
solution of the system is the point located at the 
intersection of four spheres. 
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The system consists of four equations with four 
unknown parameters. To solve the system we 
transform the equation 1õ3 to linear equations for 
the unknown by subtracting equation 4 from it. 
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We simplified the system introducing new 
variables: 
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To solve the system (2) Gaussian elimination 
was used. The value of the RC coordinate after 
second reduces: 

xxr PLx 2u+= , =ry yy PL 2u+ , zzr PLz 2u+= , (3) 
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Then we substitute the obtained values in the 
last equation and make the change of variables: 

2 2 2 2 2 2 2 2

4( ) ( ) ( )x x y y z zK P K P K P tu u u u- + - + - =, 

where 

xx LxK -= 4 , yy LyK -= 4 , zz LzK -= 4 . 

In this way we make biquadratic equation. Its 
solution is the following 

a

ca
bb

Ö-°

=
42

2

u , 

where 

222
zyx PPPa ++= , )

2
(2

2
4tPKPKPKb zzyyxx +++-= , 

222
zyx KKKc ++= . 

We can discard two of the four solutions of 
biquadratic equation because the speed cannot be 
negative. Out of two remaining velocities that one 
should be chosen that gives the closest to the real 
data result after substituting in the equation (3). 

Algorithm testing 
The resulting technique has been investigated 

on simulated data. EP coordinates are presented 
in the table 1. EP coordinates and velocity were 
changed according to to the following law: 
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Table 1. Input data 

Wellbores 1 2 3 4 

Coordinate x, m -1000 0 0 1000 

Coordinate y, m 0 -1000 1000 0 

Coordinate z, m 0 -4 0 0 

Time t, s 1.445 1.429 1.445 1.431 

Velocity ɡ, m/s 2200 

 

 
Figure 2. The true and estimated by the algorithm 
values of velocity and coordinate x 

Results of the algorithm are presented in the 
figure 2. The graphs show that technique allows us 
to obtain an exact solution but the duality of the 
speed rate leads to uncertainty about the correct 
solution in each reception point.  
Conclusion 

Thus a combined estimation method of the 
average environment velocity and coordinates of a 
RC (3-4) was developed that does not lead to 
algorithmic imprecision. The method requires 
further research to identify correctly one of the 
possible solutions. 
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Technological processes in gas and oil industry 
are almost impossible to do without computers. 

Each year automation of processes is 
becoming more popular element on the market of 
goods and services. The main task of automation 
is an increase of efficiency of the manufacturing. 

It is important to build good system of control to 
reach good results of efficiency and productivity of 
the system. 

The object of automation in this article is a gas 
compressor station. 

In the process of mining natural gas reservoir 
the reservoir pressure gradually decreases. When 
the pressure is less than 60 atmospheres, it is 
advisable to compress natural gas to 70-76 
atmospheres. This problem is solved by gas 
compressor stations. 

Compressor station is a complex set of 
technological objects. In a compressor station the 
main element is the gas compressor unit (GCU), 
which compresses gas. GCU consists of 
centrifugal compressor, engine and auxiliary 
processing equipment.[1] 

 
GCU work 
After a start, the starter motor spins the rotor of 

high pressure. Atmosphere air, which is purified in 
a complex air-cleaning device, enters the 
compressor of the motor where it is compressed. 
After that it enters the combustion chamber, where 
it is divided into primary and secondary streams. 
Primary stream of compressed air is mixed in the 
flame tube with a fuel gas. The resulting mixture is 
burned at constant pressure. So it is important to 
measure and control pressure here.  A low-
pressure turbine (LPT), which actually acts as a 
rotor, spins because of the action of gases from 
the high-pressure turbine (HPT). A mixture of 
combustion products, after going through LPT, 
enters the power turbine (PT), which spins the 
rotor of supercharger through the output shaft (Fig. 
B.). 

 
Fig. A. The scheme of GCU working 

 
LPC - low-pressure chamber 

HPC - high-pressure chamber 
HPT - high-pressure turbine 
LPT - low-pressure turbine 
PT - power turbine 
SC ï supercharger 
PS ï pressure sensor 
TP ï temperature pointer 
 
System of automation 
There are few main functions of a system of 

automation control. They are: command, control 
and regulation and some information functions.  

 
Command functions 
Command functions include: 
- GCU working mode control; 
- automatic verification of the launch readiness; 
- automatic protection of GCU according to 

processing parameters; 
- automatic control of actuators and valves of 

GCU gas manifold using specified algorithms; 
- remote control of actuators and auxiliary 

equipment; 
- extra emergency stop because of control 

system failure or because of the operator's 
command. 

 
Control functions 
Control functions include: 
- Monitoring of equipment state and deviations 

from technological parameters; 
- Automatic continuous monitoring of 

serviceability of the control circuit for actuators and 
auxiliary equipment; 

- Automatic functional testing of hardware and 
software tools in a system of control with the alarm 
of failure. 

- Checking the functioning of the protection 
systems. 

 
Information functions 
A system of automatic control provides a wide 

range of functions for presentation of different 
information about the object. [1] 

 
Building a system 
Microcontrollers are used at all stages of 

preparation and processing of oil. Siemens has 
released microcontrollers which can be 
programmed with Simatic Step 7 software. With 
the help of the editor the programming is becoming 
easier. There is a possibility of using three 
languages in this editor: FBD, LAD, STD.[2] FBD 
can be used to program the microprocessor for 
GCU because its visibility. It is a language of 
functional block diagram. FBD is a sequence of 
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logical blocks, triggers and timers. They run 
sequentially. 

These programs can perform different 
functions. Among them P-, PI-, PID-controllers and 
more complex algorithms to control actuators. 

Programs can be checked on the stand. One of 
these stands is the FESTO stand. PLC S7-313C is 
installed on this stand. The main advantage of 
using this stand is the opportunity to observe the 
process with lags which are inherent to real 
process. Alternative method is to model work on 
Step7 simulator, but it is not possible to achieve 
good visibility and proximity to real object. 

To provide human-machine interface and visual 
presentation of GCU processes it is possible to use 
WinCC - the HMI system, which works with 
Microsoft Windows operating system. Connection 
between the GCU automation system and WinCC 
is established to provide control of technological 
processes. 

WinCC allows operator to monitor the process. 
The process is displayed graphically. The image is 
updated with each change of state of the process. 

WinCC provides process control by the 
operator. E.g. operator can set values of some 
parameters or he can open the valve with the 
graphical user interface. 

The system automatically notifies the alarm 
about the critical state of the process. E.g. if a 
predetermined limit value is exceeded, then a 
message appears about it. 

In WinCC process values can be printed or 
saved in electronic form. This simplifies the 
process of documenting the process and allows to 
analyze the technological data later. 

The most important subsystems of WinCC are: 
- graphic system; 
- alarm detection system; 
- archiving system. [3] 
For the automation system of pumping unit 

there is an interface in WinCC, which includes 
monitoring and management. 

The automation system is shown in Fig. B. 
 

 
 

Fig. B. The system of automation 
 
At the field level, there are sensors and 

actuators, which are pass data through the 
converters to the second level. At the second level 
there are the control unit (CU), regulator (R) and 
communication with the object (CDO) units. 

After second level data comes in supervisory 
control and data acquisition (SCADA) system. In 
our case it is WinCC. In this system we can 
monitor all processes in real time. 

As we can see the system of controlling GCU is 
complex hierarchy structure. It requires not only 
knowledge of a process, but also knowledge of 
building three-level system. 

A large number of organizations involved in the 
design automation. This is a relevant and well-paid 
field of activity. So this sphere requires good 
specialists in automation. 
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Introduction 
Seismic exploration is one of the leading Earth 

crust geophysical investigation methods. Seismic 
methods dominant position in exploration 
geophysics is caused by its large propagation 
distance combined with highly detailed exploration. 
One of these methods is vertical seismic profiling 
(VSP) method, based on an experimental analysis 
of seismic wavesô propagation in real environment 
interior. VSP includes any kind of seismic 
measurements, where one of the elements 
(excitation source or elastic vibrations receiver) is 
placed and moved inside the borehole, and 
another one lies on the day or in a shallow 
borehole cavity [1]. 

Problem statement 
One of the most important phases of working 

with seismic exploration data is their interpretation. 
VSP data interpretation includes such stages as 
environmentôs velocity model formation, 
stratigraphic binding of the reflected waves and 
near-well space exploration. This paper 
concentrates on environmentôs stratal model 
formation by using the VSP, GIS and CDP data. 
The task of forming such models is indecorous, 
that is it has multiple decisions and is usually 
solved using solely GIS or VSP data. Moreover, 
the dynamic characteristics have never been 
previously taken into account in the transition to 
the stratal model, or in the stratigraphic binding of 
the reflected waves. 

Geological cross-section can be divided 
considering the elastic wave propagation speed 
value into relatively homogeneous geological 
material layers, at the borders of which the velocity 
changes stepwise. Stratal velocity is the mean 
wave propagation speed in the given layer in the 
direction perpendicular to the course [2]. It is based 
on seismic logging data and also using the results 
of VSP. Usually, boundaries of the regions with 
different physical properties match the geological 
boundaries, which is used in seismic data 
interpretation. 

The distance between the devices in the 
borehole cavity while using VSP exploration 
method can vary depending on the required 
accuracy and minuteness of the work. Each depth, 
on which one of the receivers is located, is 
associated with seismic wave time of arrival while 
recording data. 

The input data to the formation of the stratal 

model are cable depths ih  and the corresponding 

normal wave arrival time it  Ni ,...,1= , where N is 

the amount of the receiving points, that are used to 
plot the travel-time curve ï seismic wave advent 
time graph, that defines vertical wave travel time 
from the surface to the given depth [3]. This model 
allows estimating the existing formations 
boundaries. 

Algorithm description 
We will use piecewise-linear approximation of 

the travel-time curve to form the strata model, i.e. 
select sections, on which the wave speed can be 
considered constant. The approximation will be 
carried out using the following algorithm: 

1. Set 1=i ,  Nj = ,  

2. Find the value of the general line equation 
coefficients A, B and C, 0=++ CByAx , that 

passes through two points );( ihit and );( jhjt : 

jtitA -= , jhihB -= , jtihjtihC Ö-Ö= . 

3. Find the distance from each of the 
1,..,1 -+ ji  travel-time curve points to this line on 

the time axis:
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4. If the largest of those distances does not 
exceed the specified bound Ů, discard the points 

1,..,1 -+ ji . Otherwise, repeat steps 2-4 for 1=i , 

sj =  and for si = , Nj = , where s is the index of 

the point, the distance from which to the current 
line is the greatest. 

As a result of the given algorithm work, the 

points that were not discarded ï );( ii ht , Mi ,...,1=

, where M is the amount of those points,  will define 
the formation boundaries. Layer velocities can now 
be calculated using the following formula: 
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Formation boundaries reflection factors are 
calculated by using the formula: 
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,  j is the  index of the 

formation boundary.   
The result of solving the direct travel time 

problem is usually the synthetic time section in the 
form of pulse seismogram, which are then 
subjected to the convolution with the impulse that 
simulates seismic signal. 
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Getting the reflection factor trace in the depth 

scale )(hk

 

from the set

 

jk  is not difficult. However, 

we will need not )(hk  for the convolution 

operation, but a reflection factor trace in a time 
scale. If we use the velocity function for the 

discrete transformation )()( tkhk ­ , those 

substantial reflection factor values, that will not get 
between discretization nodes, will be lost.  
Thatôs why a new rule should be added to the 

)()( tkhk ­

 

transformation: when the reflecting 

boundary gets between the check points, the 
substantial reflection factor value is recorded in the 
nearest check point. Another way is defining the 
reflection factor trace element value as the 
arithmetic mean of the reflection factors in certain 
vicinity. If there are no reflection factors in the 
vicinity, the corresponding reflection factor trace 
element value is set to zero. 

In order to form a synthetic seismogram, we 
should perform a convolution of reflection factor 
trace with some kind of impulse: 

ä -=

j

jkvjukw )()()( , 

where )()( jtkju =  is the reflection factor trace and  

)(tv is the impulse. 

As an impulse we can use autocorrelation 
function of the CDP (common depth point) data, 
analytical impulse (Pusirevôs, Berlageôs, etc.), 
impulse form, obtained from the VSP data. The 
Berlageôs impulse has the following form: 

)2sin()( 0 tfetatF tn ÖÖÖ= - pa
, 

where a is the signal amplitude in arbitrary units, Ŭ 
is the damping constant and  f0 is the signal 
frequency. 

By the correlation coefficient of the real and 
synthetic seismograms the accuracy of the formed 
strata model can be estimated. By changing the 
specified bound Ů, a higher correlation value can 
be obtained, and, respectively, a more accurate 
strata model. 

Algorithm testing 
The developed algorithm was analyzed on the 

VSP and CDP data of the Kontorovichskoe deposit 
occurrence. To get the synthetic seismogram a 
convolution of the reflection factor trace with the 
Berlageôs impulse was performed. 

A convolution of the reflection factor trace with 
the real seismogram autocorrelation function or 
with the impulse form, obtained from the VSP data, 
has also been carried out. In the second case, the 
convolution is performed depth-wise, that is for 
different depths the corresponding VSP impulse 
forms are used. 

Conclusion 
The algorithm was used in the Severo-

Ostaninskaya area data interpretation. The best 
correlation was obtained by forming the synthetic 
seismogram by convolution of the reflection factor 
trace with the real seismogram autocorrelation 

function on the borehole #15 of the Severo-
Ostaninskaya area (the correlation coefficient is 
68.57%). 

   
Fig. 4. Reflection factor and real and synthetic 

seismogram graph of the Kontorovichskoe deposit 
occurrence 

 

 
Fig. 5. Reflection factor and real and synthetic 

seismogram graph of the Severo-Ostaninskaya 
area 
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Introduction 
Nowadays all companies seek to increase their 

production efficiency of to remain competitive in 
the rapidly expanding goods and services market. 
Traditionally, two methods of effectiveness 
increase are used. The first is equipment 
procurement and the second is the company's staff 
training. However the greatest efficiency is 
achieved by implementation of information systems 
providing integration, storage and dessimination of 
information used in manufacturing processes. It is 
the method that allows combining of all information 
flows, people and data at an enterprise into a 
single unit. Currently, Product Lifecycle 
Management systems (PLM-systems) have 
become increasingly popular among the Russian 
companies. 

Modern information systems and technologies, 
particularly PLM-systems, are considered as a 
strategy to improve efficiency, productivity and 
profitability of business processes [1]. The main 
advantages of the PLM-systems are the following: 

1. Information support of product at all stages of 
life cycle, beginning with marketing research and 
ending with utilization; 

2. Organization of a unified information space 
uniting automated systems intended for effective 
problem solving in engineering and planning and 
control of manufacturing and resources of a 
company;  

3. Implementation of a paperless information 
exchange between all participants of the product 
life cycle.  At the same time the information that 
was once created is stored in an integrated 
information environment, is not duplicated, does 
not require any conversions in the process of 
exchange and keeps actuality and integrity [2]. 

 
Purpose of the research 
Like any complex system the enterprise is a 

multifaceted structure that includes huge number 
of factors. Creating a PLM solution it is impossible 
for a developer to take into account conditions and 
specifics of each company. Therefore it becomes 
necessary to adapt the selected software suite to 
the existing requirements. To do this a number of 
conditions should be observed. One of the most 
important conditions is the ability for information 
system to provide an engineer with tools for flexible 
customization or modification of its configuration.  

The employees and students of the Automation 
and Computer Systems department of the Institute 
of Cybernetics of Tomsk Polytechnic University are 

engaged on a contractual basis in the 
implementation and adaptation of PLM-system 
SmarTeam in the instrument making department of 
the JSC ñAcademician M.F. Reshetnev 
ñInformation Satellite Systemsñ. One of the most 
important parts of the system implementation is to 
design user interfaces for the staff of the 
department. However in the design process it has 
become clear that the standard SmarTeam tools 
do not allow meeting customer requirements. 

In connection with foregoing, authors of the 
article were tasked to adapt interfaces of the PLM-
system to the design and testing area of on-board 
radio-electronic equipment. 

 
Mechanism of programming in SmarTeam 
To form user cards which are the main means 

for interaction of employees with PLM-system 
SmarTeam special tool called FormDesigner is 
used. This tool allows designing forms related to a 
data model. Frequently, operations available on 
default in SmarTeam do not satisfy needs of the 
staff working with the newly created card.  To 
change or add operations, there is a tool for writing 
scripts called Script Maintenance. This function 
package allows to create interfaces necessary for 
users.  

The important part in the designing is writing 
scripts. It uses the built-in language SmartBasic, 
procedural API interface that provides a set of 
predefined classes, functions, structures and 
constants. Programming takes place in the built-in 
editing environment SmartScript Editor. The 
mechanism for handling scripts is illustrated in 
Figure 1.  

 
Fig. 3. The mechanism for handling scripts 
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This technology copes excellently with standard 
tasks which are observed in practice of the 
companiesô majority. This method of programming 
is simple and clear enough for every developer.  

However, it is necessary to point out some 
shortcomings: 

1. The development environment is little 
functional and inconvenient for programming of 
complex algorithms;  

2. One of the authorsô tasks was to create a 
dynamic element in the form. But the above 
mentioned technology does not allow 
implementing such a task. The reason for this fact 
is that the required functions are implemented by 
developers in the form of stubs (empty functions); 

3. Access methods for properties of the form 
elements have not been implemented either. 
Therefore it is not possible to change the user 
cards appearance  in a program code of the written 
script. 

 
The method of the problem solving 
These deficiencies have been resolved with the 

help of third party development tools and Windows 
system libraries. 

To date, a popular development environment is 
Microsoft Visual Studio, which has several 
advantages. These include the possibility of better 
debugging, system IntelliTrace, allowing to write a 
code quickly and without any syntax errors, as well 
as the possibility of acceding to the process of 
debugging the code running in the SmarTeam. The 
programming language C# was chosen, that is an 
object-oriented programming language, widely 
used among developers. 

Windows system libraries (WinAPI) are used for 
applications to interact with the Windows operating 
system. WinAPI functionality provides the ability to 
change the windows in any Windowsôs application. 
Speaking about the windows all forms of the 
elements from button to application window are 
meant. The authors have used these opportunities 
to solve the listed problems in the standard 
programming techniques in SmarTeam. 

 

 

In Figure 2 a mechanism of bypassing 
SmarTeamôs API interface and interaction with the 
PLM-system directly, by WinAPIôs facilities is 
shown. Mechanism of the proposed solution is 
described further.  

Microsoft Visual Studio allows you to create dll 
libraries. DLL - dynamic link library, which is used 
repeatedly by different applications. The script 
written in SmartBasic creates copy of the DLL 
written in advance in the language C# in computer 
memory. Then the script transfers control to the 
program code of the library. In turn, WinAPI 
functions are imported in this code and control is 
passed to them. WinAPI func-tionality provides the 
ability to interact directly with the interface of PLM-
system. This approach allows you to create, delete 
or change the properties of SmarTeam windows, 
and all of this happens dynamically during the 
execution of the script. Thus, we can summarize 
that the gaps in the standard mechanism of 
SmarTeamôs programming were filled. However, it 
should be said that the problem has not been 
completely solved. It is known that any system that 
works with patches, will never work as reliably as 
originally conceived and organized system. 

 
Conclusion 
More and more companies are switching over 

to the Product Lifecycle Management 
technologies. Naturally, the development of PLM-
system for each type of enterprise is not possible. 
Therefore, some standards are being developed 
which should be adapted to the specific company. 
As practice has shown the customer requirements 
sometimes do not correspond to the potential of 
implemented software, so the alternative ways of 
the problems solution must be found. The solution 
found by the authors is very convenient for user 
interfaces creating because it provides the access 
to window forms of implemented PLM-system and 
allows you to change windows properties 
dynamically. The authors note that this solution 
can be applied for all programs running under the 
Windows operating system as well as for the 
program product described in the article. 

 
References 
1. Sizov D.V., Shiryamov A.I., Pogrebnoi V.Y. 

Primenenie CALS-tehnologii dlya avtomatizacii 
proektirovaniya i ispytanii unificirovannyh 
elektronnyh modulei // Heads of report 2 konf. 
studentov Elitnogo tehnicheskogo obrazovaniya. 
ð Tomsk, 1976. ð P. 98ï100. 

2. Gudkov D. Informacionnaya podderjka iz-
deliya na vseh etapah jiznennogo cikla [Electronic 
resource]. ï Access mode: 
http://www.espotec.ru/art_info.htm, free.

Fig. 2. The mechanism of SmarTeamôs API Interface 

bypass 



Section VII: Informatics and Control in Engineering Systems 

141 
 

THE MODEL OF EMERGENCY PROTECTION SYSTEM OF THE TOKAMAK KTM 

T.A. Korchuganova, V.A. Kudryavtsev, P.P. Pokrovskiy 

Scientific advisor: V.A. Kudryavtsev 

Language supervisor: S.S. Budkova 

Tomsk Polytechnic University, 634050, Russia, Tomsk, Lenin Avenue 30 

E-mail: Paxin7@hotmail.com

Safety plays an important role in any power 
systems is. Tokamak KTM installation is a source 
of high-risk components. The component parts of 
the installation are unique in its technical 
performance and have a very high cost. There is a 
need to design and develop an effective 
emergency protection and alarm system which 
allows even at the early stages of the emergency 
state performs the required set of protective 
measures.   

Different emergency situations can appear at 
any modes of the tokamak KTM operation, at 
which itôs necessary to protect people and 
equipment. Itôs especially typical for 
electromagnetic system (EMS) of tokamak, power 
supplies and HF heating systems 

The most typical emergency situation for 
tokamak is the cooling system failure, insulation 
failure between the structural elements KTM, 
including the windings of EMC, pulsed 
electromagnetic loads on the design of KTM, 
especially when plasma is disrupted. The 
possibility of these and other events may lead to 
the complex operation irregularity, but damage 
repair will take much time and will result in huge 
financial costs. 

Emergency protection system (EPS) of KTM is 
designed to control the most critical technological 
equipment and personnel safety of KTM 
parameters and to prevent emergency 
accidents. In the case of emergencies, the SDR 
must perform the algorithms of protective effects, 
providing translations of the stand set to a safe 
condition and reduce the consequences of 
possible accidents. The EPS should provide 
automated execution of the following functions: 
Å Continuous monitoring of key process 

parameters of the EPS and the development of 
control actions in the case of emergencies. 
Å The performance of regularity monitoring of 

the SAE technical means, including self-test 
problems. To transfer the installation in a safety 
condition including the faults in the SAE devices. 
Å The maintaining of the accidents database 

with the ability of automatic identification of the 
equipment current condition and options for fault 
isolation to the implementation of one of the types 
of protective actions. In case of failure of automatic 
identification - ensuring the participation of the 
operator in making decisions.The work of the EPS 
can be represented by the block diagram shown in 
Figure 1. 

According to the flowchart during the tokamak 
operation there is a continuous measurement of 

the parameters according to which we can control 
the installation condition, then the measured 
parameters are compared with its regulation value. 
As a result of this comparison, the need of the 
protective procedures is proved.  

 
Figure 1. The algorithm of the functioning of 

EPS  

For the organization of the EPS operation a set 
of control parameters of a tokamak shall be 
determined, its regulation values should be set and 
the procedure for comparing the current value of 
the controlled parameter with the value of 
regulatory material should be designed, which may 
be of different complexity and should be presented 
in true form, because the parameters measured in 
real time, will be statistical.   

Designing the SDR we consider the following 
events that may lead to emergency situations: 
1. Overheating of the chamber walls and the 
uneven heating of the chamber and the structural 
elements. 
2. Touching the walls of the plasma vacuum 
chamber. 
3. Exceeding the allowable displacement of the 
plasma horizontally or vertically. 
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4. The appearance of the locked MHD - mod. 
5. The emergence of disruptive instability. 

6. Development of small disruption of the 
plasma. 
7. Exceeding the limits of mechanical stress. 

These events are characterized by a number of 
technological and plasma-physical parameters by 
which they can be identified. 

The model of tokamak KTM emergency 
protection system. To save money and get a visual 
overview of the SDR at different modes of the 
tokamak, there is a work of a computer model 
construction which is close to the reality. The 
model must perform all the functions of the GPA 
described above and clearly fulfill the assigned 
tasks. The model is designed in MATLAB in 
Simulink package. There are the following 
designing stages: 
Å Collection of information. At this stage, the 

information about the unit itself, and the measured 
and monitored parameters was collected. Also the 
information about possible accidents and their 
consequences was collected. 
Å Data processing. The data obtained in the 

preceding paragraph have different dimensions, 
types and values of both negative and positive in 
the areas that provided a number of problems in 
the implementation of the model. 
Å Creating a computer model - the stage at 

which all the collected and processed data that we 
are in and sold directly to the computer model 
through a series of algorithms. 
Å Regulation of the model. At this stage, the 

refinement of the elimination of errors of 
inaccuracies and errors in the algorithm model, the 
diagnostic of various modes of operation is carried 
out. 

 
Figure 2: Detail of EPS model. 

Å Check for the adequacy. At this stage the 
adequacy of the model to its requirements and 
how its work is closer to reality. 

There is a brief description of the model. The 
basic principle of the model is the constant 

comparison of controlled parameters to their 
setpoints.  
Also itôs possible to note that nowadays the 

model is mainly aimed at stopping the system in 
case of emergency. With the further development 
we plan to expand its functions for maintaining the 
efficiency that is the production of certain 
regulatory actions based on an assessment of 
system stability.  

As for the structure, the model is divided into 
four blocks. Each block controls the three 
parameters; each parameter is continuously 
compared with the control value. These values are 
getting to the truth table, based on which the 
system determines the type of emergency situation 
and decide to stop all system. During the process 
all the data are displayed on the screen of the 
operator.  
To run the model, itôs necessary to specify the 

controlled parameters, the reference values of 
these parameters and press the bottom ñstartò. All 
the changes occurring in the model operation and 
a decision taken by the program displayed on the 
screen of operator. 

The main difficulty in modeling is the lack of 
information about events in the tokamak chamber 
processes and that is why the input data have only 
approximate values. For full compliance functions 
of the model to the functions of EPS a number of 
modifications are required, such as the different-
level simultaneous control of extreme parameter 
values, the logging, self-test-launch, the 
mathematical modeling of the input parameters 
that will be performed during the regulation. 

Also we are planning to create a control actions 
block generation that will detect and prevent an 
emergency before it occurs. In addition to these 
improvements there is a need of the SDR interface 
with other systems, such as plasma control 
system, subsystems, control flow diagrams, and 
others.  

At the moment we have a prototype of the SDR 
model which is under regulation. We can evaluate 
its functionality after checking the adequacy of the 
model. 
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Nowadays with the development of IT 
infrastructure it is crucial for companies to have a 
good and stable platform for software. Even small 
companies use software systems, databases and 
other means for simplifying the work. 

 
Figure 5. IT Infrastructure 

However, a failure of any node of the system 
can cause considerable harm to the business and 
create inconvenience to the user. To prevent and 
timely detect it there are monitoring systems. 

Monitoring systems may range from utilities to 
massive software packages that use all the 
features of monitoring endpoint devices. The 
simplest way of monitoring is to send requests via 
Internet Control Message Protocol (ICMP). 

Internet Control Message Protocol is a protocol 
included in the protocol stack TCP / IP and defined 
in RFC 792. This network protocol is used to 
provide control, troubleshooting, and error 
messages while data is being transmitted as well 
as to perform some service functions. When you 
send an ICMP-message, the message format: 
TYPE, CODE, checksum is generated as well as 
data necessary for this type of request.  

For example, the utility ping uses ICMP protocol 
with type 8 messages ï for echo requests and 0 ï 
for an echo reply. There are some rules of 
oscillations of ICMP-packages. First, ICMP packets 
are not generated for the answer to broadcasting 
requests since loading on a network will increase 
in this case and it will cause network overloads. 
Second, if the packet is lost, the new one is not 
generated. This protocol is simple to use and 
implement on all network devices. This makes it 
suitable to fast diagnose network connection, to 
check the availability of node and to identify 
problem areas of the network, but it does not allow 
revealing a complete picture of the network. 
Standard WMI (Windows Management 
Instrumentation) is more difficult. This feature 
allows seeing a state of devices that are based on 
Windows. The tool is the basic technology for 
centralized monitoring and management of 

Windows systems. The technology is readily 
adapted to the implementation of the standard 
Windows WBEM (Web-Based Enterprise 
Management), which was created to perform 
monitoring tasks based on open Internet 
standards. The technology is based on Common 
Information Model (CIM), implementing an object-
oriented approach to the representation of system 
components. This approach allows applications, 
systems and drivers to add their classes, objects, 
methods and properties to the model.WMI, as an 
adapted system, includes CIM therefore it supports 
any parameters of OS added as well as devices 
and applications functioning in it. Monitoring 
objects are dynamic resources since the object 
parameters are constantly changing. So the object 
parameters are created at the request of the user 
of the data and they are not stored permanently. 
Object properties are stored in the repository ï 
WMI repository ï located on the polled machine. 
Special attention is paid to security issues. At the 
first stage of checking safety on the OS level is 
implemented. It means that Windows registration 
data is requested to access data and methods 
WMI. Depending on the network structure the 
request is transferred to DC (Domain Controller) or 
processed locally on a remote node. Depending on 
the rights of the user in the system (domain) it can 
get access not only to data reading but also to 
node controlling. At the second stage safety is 
implemented on the level of name space and 
DCOM (Distributed Component Object Model) 
protocol. It allows implementing the partitioned 
access of the user to objects and methods WMI. It 
means that the user who has rights to control the 
node can receive no access using WMI. Each 
object of the OS has its own description of safety 
including the access list where users who have 
access to object are set. WMI Query Language 
(WQL) is used to request data in technology WMI. 
To request data it is possible to use only 
commands SELECT. 

 
Figure 6. Script based WMI 
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Language is used in scripts, when requesting the 
node; however, there are standard facilities for 
checking requests by means of the graphic utility 
wbemtest used for interacting with structure WMI 
on a local or remote computer. To simplify the 
process of writing scripts and programs, there are 
special utilities which help to view WMI space 
structure and to show examples of using all 
classes. Despite the large number of the data and 
the simplicity of its processing there is also a 
drawback ï the technology can be used only on 
Windows devices. On the other hand, monitoring of 
such equipment as switches and routers is often 
required in the network. To monitor such nodes 
there is technology SNMP. 

Simple Network Management Protocol is a 
simple network management protocol based on the 
architecture of the UDP. SNMP is a component of 
the stack TCP/IP so most network devices support 
this protocol. This technology is designed to 
provide management and control of network 
devices through the exchange of agents and 
managers. SNMP agents are installed on the 
nodes of the respondents. They collect data on the 
node and transfer it to the manager on-demand. 
The agent can send information to its own 
manager on changing the status of any node by 
using TRAP operation. The manager is an 
information collection station periodically 
interrogating all agents of a network and collecting 
statistical information to create reports and analyze 
the work of the network infrastructure. 

 
Figure 7. SNMP message exchange 

The controlling system can request the agent to 
provide information on a current state of the node 
entrusted to it by requesting the operation of GET 
protocol (the request of value of the specified 
variable), GETNEXT (request of the following 
value, according to tree MIB) and GETBULK 
(request about transferring great volume of data). 
The data which can be received by means of 
SNMP protocol is defined in MIB (Management 
Information Bases). The controlling base contains 
the hierarchical name space which has the unique 
code of object (OID). Thus, each unique code of 
object identifies a variable which can be read 
through SNMP. Bases use the standards set in 
notation ASN.1. Thus, all objects in a network are 
divided into 10 groups and described in MIB: 
system, interfaces, exchanges, and translation of 
addresses, IP, ICMP, TCP, UDP, EGP, and 
SNMP. SNMP protocol has some versions. At the 

moment there are three of them: SNMPv1, 
SNMPv2c, and SNMPv3. Each subsequent version 
completes the previous one by adding some 
functions. The first version of the protocol due to its 
simplicity is the most popular one. However, 
simplicity of the version has caused some safety 
problems ï messages are transferred by plain text. 
The second version of the protocol has improved 
safety by adding line integrity checking (MD5) and 
encryption algorithm (DES). Nevertheless, safety 
of packets was not sufficient enough and version 
SNMPv3 appeared. The last protocol version uses 
high-grade system of authorization through 
hashing, temporal marks and enciphering 
messages. Thus, this version is simpler than v2 
and more protected than v1 has. The dialogue 
between the agent and the manager happens with 
the help of SNMP messages which have SNMP 
protocol version, the password (community string) 
containing the sequence of characters which 
serves as the pass to interaction of the manager 
and a control object and value of the identifier of 
request. For generally available data and 
simplification of exchange adjustment in local area 
networks the password is installed with the word 
public. Protocol usage in local area networks 
conditions the demand for the protocol of the first 
version. However, when requesting the nodes via 
public networks it requires special protection with 
enciphering the information transmitted in order to 
avoid interception of messages and the 
subsequent usage to do harm.  

Having considered three methods of collecting 
information on the availability of a network node 
and its main operating parameters we can make 
some conclusions. Protocol SNMP is suitable to 
work with most devices ï it can be recommended 
as the primary method for collecting data. 
However, it does not take into account such details 
as monitoring of applications including the services 
of Windows, which play more important role in the 
work of both software packages and network 
structure. So, when monitoring large networks, it is 
necessary to take into account all details of 
applications and tools to select poll method 
appropriately. In addition, the use of ICMP allows 
reducing network load and receiving information 
about the availability of a node on time. 
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1 Introduction 

Putting into operation of the Kazakhstan 
Tokamak for Material testing studies (KTM) 
supports ITER project in plasma material 
interaction investigations in the field of fusion [1]. 
Thus the development of a control-oriented linear 
model for the control of plasma current as a part of 
KTM software support becomes vitally essential 
task. 

Moreover, linear control theory as the most 
developed control theory will help to select and 
adjust a linear matrix controller applied to multi-
input and multi-output (MIMO) object [2, 3].  

2 Regression model 

It was shown that the control of plasma current 
and shape calls for a MIMO approach because of 
the strong output coupling between the controlled 
parameters [4].  Plasma parameters response to 
coils currents changing described in the picture 1 
where multivariable input (X) and multivariable 
output (Y) are matrix-vectors. 

 

 
Picture 1 ï Tokamak as a MIMO object 

 
Equation (1) shows the relation between input 

and output parameters. 
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 Here we will discuss only static mode of 
tokamak model (static model) when A11é Anm are 
numbers. So, the main objective of this work is to 
find parameters A11é Anm for which the deviation 
between the response from linear model and 
corresponding object with the same input actions 
would be minimal. 

Firstly, a particular set of input parameters 
should be defined. Central coil current ICS and 
poloidal flux coil currents IPF1éIPF6 uniquely define 
magnetic field configuration and the static current 
density distribution of the plasma. Therefore, 
vector X consists of seven components 

corresponding to the control coils currents: ICS, 
IPF1éIPF6. 

Formally, 

},,,,,,{ 654321 PFPFPFPFPFPFCS IIIIIIIX= .  (2) 

To different types of magnetic configurations 
are possible during normal KTM operation. 
Consequently, these two configurations require 
special numerical parameters or coordinates 
determining the shape of plasma. The particular 
set of the object controlled parameters are also 
different. 

The first magnetic configuration (picture 2) 
includes X-point located directly on the last closed 
flux surface (LCFS), or separatrix here.    

 

 
Picture 2 ï Divertor magnetic configuration at 

t=0,925s KTM Base Scenario 
 

In this case five control points g1é g5 should be 
used as a set of controlled parameters. First two 
parameters g1 and g2 describe the intersection 
point of contour and vacuum vessel limiter. Next 
three parameters g1, g2 and g3 describe minor 
radius, maximum radius and the upper edge of 
plasma.  

So, we get, 

},,,,{ 54321 gggggXdivertor= .        (3) 

Another magnetic configuration (picture 3) 
include closed magnetic surface which contact with 
the limiter at only one point. Parameter g1 
describes coordinates of this contact point. 
Parameters g2 and g3 are similar to the previous 
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case. Two more parameters related to the plasma 
shape stability are needed here: plasma elongation 
k equals to b/a and vertical position of plasma Zc. 

 
Picture 3 ï Limiter magnetic configuration at 

t=4,852s KTM Base Scenario 
 
Thus, we obtain, 

},,,,{ 321 climiter ZkgggX = .        (3) 

A special application was used as a simulator 
and plasma model with the aim of providing an 
adequate background to derive control-oriented 
regression model. 

3 Factorial experiment 

In order to provide independent calculation of 
each element Aij a full factorial design with seven 
factors was organized. An application designed in 
MS Visual C++ 2005 automates the data 
processing arranged in çYates orderè. Table 1 
shows an arrangement of the experimental data. 

 
Table 1 ï Experiment data arranged in çYates 
orderè 

Exp 
ˉ 

x0 
Factors Response 

x1 x2 é xm y1 y2 é yn 

1 +1 +1 +1 é +1 y11 y12 é y1n 

2 +1 ï1 +1 é +1 y21 y22 é y2n 

3 +1 +1 ï1 é +1 y31 y32 é y3n 

4 +1 ï1 ï1 é +1 y41 y42 é y4n 

é é é é é é é é é é 

N=2
m
 +1 ï1 ï1 é ï1 yN1 yN2 é yNn 

 
Elements Aij can be evaluated using the 

following formula: 
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Variation XD was chosen to be 0,5 kA for each 

factor. Initial levels iX0  depend on the type of 

magnetic configuration. 

4 Model validation 

Model adequacy was checked using the term of 
adequacy dispersion: 
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s ,               (6) 

where 

iy  ï observed value; 

iyú ï predicted value; 

The adequacy checking results are shown in 
table 2. It can be argued static linear model gives 
acceptable accuracy for divertor magnetic 
configuration only. 

 
Table 2 ï Model adequacy checking results 

Parameter 

Magnetic configuration type 

Divertor 
configuration 

Limiter 
configuration 

ůg1 0,52 sm 1,9 sm 

ůg2 0,27 sm 20,65 sm 

ůg3 2,7 sm 9,8 sm 

ůg4 5,7 sm ï 

ůg5 1,3 sm ï 

ůk ï 0,05 r.u. 

ůZc ï 4,1 sm 

5 Conclusion and future developments 

A special application for static linear model 
parameters calculation was designed using 
described statistical methods. Basic feature of the 
model was revealed is that the model parameters 
are significantly different from one set of initial 
control currents levels to another. 

Further work will focus on the implementing the 
designed model in a control loop for adjusting the 
multivariable matrix-controller. 
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Introduction 
Nowadays, one of the topical issues for the 

Government of the Russian Federation is the 
electronic document management. The problem is 
reduced to improve the transparency of state and 
local governments, the effectiveness of their 
interactions with citizens and organizations, the 
quality of their services. [1] However, for realization 
of tasks no decision has been found yet. On the 
other hand, there is a problem of time, both 
citizens and public servants. Solution to all these 
questions could be the creation of web-application, 
which brings together government agencies and 
implements the interface between them and the 
users, which would contain a database of all 
regulatory documents. Also, the application must 
fill out and send to the users of these documents 
on-line. 

Due to lack of counterparts, it seems to be 
expedient to design a web-application 
corresponding to the requirements above. To 
implement such an application it has been decided 
to use the technology enabled by platform 
Microsoft Silverlight - a powerful platform for 
creating and delivering rich Internet applications 
(RIA), and multimedia web-based interface. [3] 

The web-application created integrates 
government services and implements the interface 
between them and the users to fill out and send 
documents on-line, and it also contains a database 
of all regulatory documents.  

The application combines multiple services and 
the courts to ensure that users have the possibility 
to complete and fill all necessary documents from 
one place. Thus, the application provides the 
ability to view a list of required documents, fill them 
and send to the relevant authorities.  

In addition, to store an electronic archive of 
documents using a database it contains 
information on all major public services, their 
subsidiaries and affiliates, as well as information 
on employees who are responsible for a particular 
procedure.  

The given research is aimed at: 
- substantiating the necessity of creating such 

application; 
- describing the technology of developing this 

application; 
- explaining what kind of customers will be 

interested in using this application; 
- describing the advantages of web-application; 

- exploring the modern market of web-
applications and comparing this product with 
competitors, 

Clearly, in contemporary Russian society the 
need for a tool that would make a quick and easy 
process of interaction with government services, 
while minimizing direct contact is vividly expressed. 
Such tool is this new web application. [3]. 

The rationale of creating the software 
product 

Due to the fact that the web-based application 
for on-line filling in the documents has not been 
established yet, there is no information and 
literature on the subject. But to create such 
software as well as for this research the main 
guide was ñElectronic document and the concept 
of one stopò by V. Balal. This handbook is not only 
teaching literature for IT professionals to design 
the software, but it has excellent statistical and 
research data on this topic.  

This work describes algorithms and 
technologies for designing web-applications in 
general, as well as information about new software 
platform Silverlight, with the help of  which our 
application was written. 

According to the order of the President of the 
Russian Federation signed in 2008, the program of 
the electronic movement of documents comes into 
force. This issue has not been covered thoroughly, 
but article ñThe Introduction of a Unified Automated 
System of Documentò in the Moscow newspaper 
Onlineweek describes the problems of government 
in working with documents and sets clear targets 
for the software developers. 

The author referring to the Civil Code and 
science and technology statistics leads the proof of 
the importance of the issue. Since workflow system 
in state institutions of the Russian Federation has a 
tendency to become more complicated every year 
- there are new rules and requirements for 
registration and updating of the law acts, an 
important task for government is to create web-
applications combining government services and to 
implement the interface between them and the 
users which would contain the base of all 
regulatory documents. 

The creation of such software will simplify and 
streamline the movement of documents and help 
to save time of both: citizens and public services. 
[2] 
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Description of the technology of developing 
the application for processing of regulatory 
documents 

The process of development such kind of 
program product includes not only standard stages 
of program development but also the marketing 
research and consultation with government 
departments. In common, the technology of 
developing this kind of software product can be 
summarized as following: 

- complex marketing research; 
- collecting necessary regular document 

forms;  
- developing the project of the future 

application;  
- designing the database 
- coding;  
- testing and debugging; 

completing the documentation. 
SWOT-analysis of the application created 
To make sure that such kind of software 

product will be in demand and successful on the 
market, it is necessary to estimate all strengths 
and weaknesses of the product. 
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Strengths 
- simple and user-

friendly interface 
- high speed of 

processing the 
operations 

- detailed database 
of documents 

Weaknesses 
- desirability of 

using the 
Internet 

- necessity of 
regular 
database 
updating 
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t  Opportunities 

- lack of real 
competitors 

- great social 
significance 

- possibility of 
getting government 
grant for 
developing and 
promotion 

Threats 
- possibility of 

the occurrence 
of competitive 
products 

- complexity of 
cooperation 
with 
government 
institutions 

Table 1. 
Testing the beta-version has shown significant 

advantages of this application, proved its 
uniqueness and promised that sets it apart in 
comparison with other modern information 
technologies. The key advantages of the 
application are:  

1. large database of documents; 
2. simple interface; 
3. ability to work as autonomous and work in 

the internet; 
4. on-line administration. 

Unfortunately, the web-based application, 
despite a lot of benefits, also has some 
drawbacks concerning technical and software 
components, and, of course, the economic one. 
They may be described as following: 

1. limited free use of internet access in some 
locations; 

2. the need to store sensitive data on remote 
servers; 

3. the refusal of government agencies to 
cooperate. 

Customer focus is one of the basic conditions 
for the success of firms in the market, as far as 
success of the new software product on the market 
depends on.  

Because of scientific and technological 
progress the need for web-applications for on-line 
document management will considerably grow 
during the next 5-7 years, and by 2018 the 
demand for such software will stay the same for 
the next 12 years. [2] 

In the market of web-applications related to 
documents, this product is supposed to be a 
monopoly, but a potential competitor is the site of 
public services (www.gosuslugi.ru). It was an 
organized attempt to unite databases of 
documents from several governmental agencies. 
The information collected on this portal is designed 
to familiarize users with the actions and tools with 
the help of which you would have to cope with 
future problems. 

According to comparison web-application with 
a competitor our product has more advantages 
than the portal of public services, such as a large 
database of documents as well as the possibility of 
autonomous work in case if there is no access to 
the Internet. Finally users of the site need to go all 
time-consuming procedures of filling in the 
documents and attending the government 
departments personally, even if they registered on 
the site. 

The target group of this software product is 
quite wide as it includes not only individuals but 
also companies which want to optimize the 
process of taxes payment. The proportion of 
different parts of customer universe can be 
represented as the following pie chart: 

Figure 1. 
This pie chart shows which groups are potential 

clients of web-application. Approximately 20 % of  
the clients are commercial and noncommercial 
organizations, 35% are sole proprietorships and 
just under the half of clients are individuals. 
According to marketing statistics, such part of the 
users took exactly half of the total world's 
population. 

 
Conclusion 
In terms of scientific and technological progress 

and the growing importance of modern information 
technology system of document in public 

35% 

22% 

43% 
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institutions of the Russian Federation needs to 
automate its operations to improve efficiency of 
processes.  

Creating web-applications, combining 
government services, which contain the base of all 
regulatory documents, and carrying out the filling 
and sending these documents by the users on-line 
will simplify the process of sharing documents 
between government agencies and citizens. 

This study allows ordinary users to evaluate the 
importance of web-applications for online filling of 
documents in the modern world of IT. Results of 
the study reflect the uniqueness and usefulness of 
such an application in practice, as well as allow us 
to estimate the position of this product on the 
market, which certainly can be useful to business 
and government. 

Predicting nearest and long-time prospects of 
developing such software also helps future work on 
this application and makes more scientists and 
developers to become interested in this issue. 
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Introduction 
The UFO project is being developed by 

Karlsruhe Institute of Technology (KIT) jointly with 
Saint Petersburg State University of Civil Aviation, 
Shubnikov Crystallography Institute and Tomsk 
Polytechnic University. The UFO [1] is an 
intelligent as well as interactive imaging; one of its 
features is data processing online by means of 
available graphics processing units (GPU) and 
field-programmable gate arrays (FPGA).  

This system is designed for use on two 
experimental stations which shall be optimized for 
execution 3D and 4D X-ray visualization 
technological and biological processes. The first 
station should be implemented at the KIT on basis 
of ANKA synchrotron, the second one at the 
National Research Centre "Kurchatov Institute" on 
basis of Siberia-2 synchrotron. 

1. The problem description 
The UFO system uses an organized sequence 

describing the procedure of applying filters for 
processing the input data. Filters are specified 
using the file extension *.cl which contains an 
algorithm of data processing on GPU, internal 
functions are called OpenCL-kernel. The sequence 
is described by the user within JSON-file [2] that 

allows you to modify the kernels describing the 
filters, and the sequence of their application to data 
without having to recompile the program. Due to 
the fact that OpenCL kernels are compiled and run 
on GPU (if there is suitable GPU otherwise the 
kernel will be launched on CPU) there is a problem 
in verifying the results of the data at the output of a 
filter or a series of filters. 

2. The solutions  
One of the solutions can be writing the program 

that allows specifying a set of input files (for 
instance a file that was obtained by processing on 
the GPU and reference file) and performing a 
comparison between them. Such an approach is 
ineffective, as previously, we need to handle one 
or a few output files to the UFO and then perform 
the testing (in its simplest form it is a comparison 
with the reference). Furthermore, changes in the 
test function would require recompiling the 
program defining a test.  

We offer an approach based on the principle of 
the organization, which was used in the UFO. This 
approach allows us to describe the test in the form 
of JSON-file and perform a comparison by means 
of [3] OpenCL-kernel, thus we can avoid 
recompiling of the program while changing the 
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testing function or the   structure of the test, e.g. 
sequence of filters applying. 

3. Description of implementation 
For testing we have implemented a class, an 

object of which takes the full path to JSON-file 
describing the structure of the test. Thus the end-
user should only provide the transferring the full 
path to the JSON-file  and specify a callback 
function, in which the final results will be estimated.  

The testing process is divided into several 
stages, the implementation of each subsequent 
phase requires the completion of the previous one. 
Description of the stages:  

1) Before the start the processing, the 
analysis of JSON-file and forming the structure of 
test which contains such activities as creating the 
set of data sources, set of sequences and filling 
them by data is performed. In addition, an object of 
the class that receives the data from the 
sequences, performs the data transmitting to the 
testing kernel and obtains the result is created. 
After that, the binding of sources with sequences 
and sequences with a processing-object by special 
element transmitting the data from the last filter of 
the sequence (or from the input of the sequence, if 
it is empty) is performed.  

2) In the first stage, the parallel processes of 
reading the data from those sources, which are 
connected to at least one sequence, are started. In 
the case of connecting more than one sequence is 
with more than one source, the data is copied to 
the additionally connected sequences. Thus, those 
files that are not used in the test but specified in 
JSON-file as the sources will not be read and it will 
decrease the memory consumption by the 
program. 

3) In the second stage, when all data is read 
and transferred to the inputs of sequences, the 
processing of each sequence will be run in a 
separate thread. Each executable sequence 
applies its filters (if they were specified in JSON-

file) to its input data in accordance with the order 
they are specified by the user, then the processed 
data are being transferred into the transmitting 
object. (in Fig. 2 labeled as "Connector").  

4) In the third stage, when all the  sequences 
are processed and the data from them is 
transferred to the connector, the kernel of 
processing unit (in Fig. 2 labeled as "KERNEL") 
configures OpenCL and then consequently reads 
one block of data from each connector and 
transmits it for processing to the testing OpenCL-
kernel in accordance with the specified arguments. 
After finishing of all blocks processing in all 
sequences, the final data is transmitted in the 
callback function (in Fig. 2 labeled as "Custom 
Analysis Function"). 

 

Fig.1 High-speed performance while 
comparing the data on CPU and GPU 

 
4. Comparison of the results 
The test was carried out 20 times for GPU and 

the same for CPU (Fig. 1), the image with the size 
of 2250 pixels was used as the input data. From 
the data obtained it is clear that the implementation 
of this test on the CPU took 26 times longer than 
on GPU. In this case we have used merely the 
comparison of the intensities at each point in each 
image.

 
 

Fig. 2 The diagram of testing process 
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