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Section I: Power Engineering

DEFINING FAULT LOCATION ON OVERHEAD LINES

ON THE BASE OF EMERGENCY SIGNALS RECORDER DATA
Abramochkina L.V.

Supervisor: Khrushchewv 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 over head Il i nes
centuries T 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

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 (AlV) of electric signals i
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
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Fig. 1

For defining the distances i, |, (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
Aspeci al o phase (for e
used. Taking into account that I, = 1 1 1, positive-
phase-sequence voltage U,; at the short circuit
point is defined with the following equations:

U _UA110hg| AllZ sh 91- (1)
U _Um,zchgo( '1 _Al,Z;J Sh_gl 1): (2)
where U,.,, U,, T vector values of phase A

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

apgheare

1yl ,T vector values of phase A positive-

s%queﬁcg currrits it thd begng and at the end
of line;

Z, :\/(ro "'jxo)/(go
impedance of line;
g,= \/(ro 4X,) (9, 1By) \/’_'50)/0 1 propagation

constant of electromagnetic mode in line.

o Base® énLthe [evident equélity otheguatons (1,
2) left parts there can be written an equation (3),
that allows to define the distance |; 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 AlV
of voltages and currents be means of generalized

vectors [5]
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where h, (1), i=1,2; Huy, i =12 -
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 F., Fg, Fc
decomposition to symmetrical components of

X a mpgohnArd FaQ feverse FR, Ssafd ze‘?o)seqdiarﬁc& Fo

[6], which obviously can be applied to AIV of
voltages and currents:

1
fa(t) =5(1a) f(t) & £(5)), (4)
where a=¢&%® | a?> = &% 7 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° or 240° that are defined
with operators a, a’ (fig. 2, a, b).
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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 S,=250+j105 MVA. Linear electrical
parameters are equal and are presented in the
Table 1.

Table 1. Linear electrical parameters

= it —_— et .

place
SC =600 km, ;=200 km =8 Ik, ;=2 km
type [, km Error, % I, km Error, %
s 200 0 2 0
s®? | 200 0 2 0
s | 200 0 2 0

Mo Xo s 90’10—9 bo']-o-6
Om/km Om/km S/km 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 Dt = 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 AlIV are presented in the
Table 2.

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

algorithm at a discretization interval Dt = 0,317
&3 .

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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EFFICIENCY OF KEEPING ELECTRICITY PRODUCTION AND CONSUMPTION IN BALANCE
BY MEANS OF STORAGE TECHNOLOGIES
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Linguistic Advisor: Nizkodubov G.A., candidate of pedagogic sciences, associate professor
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
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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].

other power plants
houses

J1T
=
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Picture 1 i Energy storage technology in the
grid

power plant

energy storage facility

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 ( &W)
depends on many factors and includes all ancillary
equipment necessary for the full storage system.
While capital cost is important, operations and
maintenance costs (0/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 117 Key performance indicators of
storage technologies

8

8 . - c

T |53 $ S
Storage o o< » < @ o

) =0 °
techno- o = I = < >
logy 3o |wS . " © *
Power 0,01- | 0,01- | 100- 0,002- | 100- 0,002
rating, MW | 1 40 5000 20 300 -20

15s-

Energy ms- S- 1- 15s- 1- 15mi
rating 1h 10h 24h+ 15min 24h+ | n
Energy
density, 0,1- 30- 0,5- 800-
Wh/kg 15 250 15 5-130 30-60 | 104

Round-trip | 85- 60-
efficiency 98 100 75-85 | 85-95 42-54 | 85-95

Lifetime, 3- 50- 5 0
years 20+ 20 100 20+ 25-40 | 15
5+10°
Number of | 10* | 10° - | 2*10* | 10° -
cycles 10° 10* 5¢10* | 10’ 2*10* | 10°
Power 100- | 200- | 500- 100- 400- | 550-
cost, G/kW | 400 | 2000 | 3600 | 300 1150 | 1600
Energy 300- | 50- 60- 1000- | 10-

cost 0/kWh | 4000 | 1800 | 150 3500 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 4 / k Wwhstored 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 U/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 1 about 10-8 0 G/ k \Whe.
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, MciIntosh 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



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

Section I: Power Engineering

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.
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BUFFER ENERGY STORAGE IN DECENTRALIZED GENERATION PLANTS
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The considerable drawback of using diesel
generator (DG) as a drive for synchronous
generator i diesel electrical station (DES) i 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 i 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 T 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.

Il 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__=1,0.

P.ou

Proml

Pmax 1.0

Output of storage device ‘

0.8 /

0 1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 4
Fig.1. Probabilistic 24-hours load curve for a rural
household

The main parameters of mentioned load-curve
are:

1 Maximum (peak) power Pmax=1.0;
f Minimum (base) demand level P . =0,25;

T An average load P, =0,43;
1 Coefficient of maximum usage (density) of load

K, =—o =043
Pmax

9 Coefficient of unevenness of demand

K, =Fmn =025
“P

max
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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.

Il 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.
CB

I to customer

50 Hz

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
Pnoml= 1 ’ |2m§(A

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 t . 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 i 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 Ppomo= 1 , Ra5 A

10

to customer

,_C.S' 50 Hz

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 =9nom K tear Kreg i Wout i ka

where gnom T DG specific fuel consumption,
g/ k WLkKp, 1 coefficient of tear (for DG after
overhaul and with exceeded lifetime the coefficient
is taken 1,05); Kq i 7 the coefficient of regime
which accounts the condition when DG works
under load less then nominal:

=9

- gnom

where g,om - specific fuel consumption by diesel

on a given time period,

absence of technical specification, coefficient can
be calculated based on empirical formula:

-0.87+013_"hom_,
cons_i
where { nom T nominal power of DG, KW; { cons i T
consumed power on i-th stage of 24-hours load
curve, kW; W, ; i output power on i-th stage of
24-hours load curve, kW
Wout_i - I:)cons_i 4 @)
where t; 1 period of i-th stage of DG operation, h.
24-hours consumption is defined by:

G =aG, , kg

K reg_i

We take the specific parameters equal for both
variants (gnom= Onom1 =Onom2), and tear coefficient
Kiear=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 d, equation (1) takes

a form of:
Wout_i :Saoons_i +(1- h) >PBES_i H>(i !

where { ges i | 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

g/ k



the structure of DES. Though, for technical

realization of this vari a nt itbds
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

Section I: Power Engineering

based on super-capacitors, which are currently too

i mp or teapertsive foomass usége. e
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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®- loop shaping
controller synthesis to design stabilizer for electric
power system

1. INTRODUCTION
THE 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® based control approach is particularly appropri-
ate for plants with unstructured uncertainty. In this
paper, a PSS based on H®- 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].

xE = Aw+Bu® B @)
Z(t) = C1x(t) + Duaw(t) + Dou(t) (2)
() = CoX(t) + Dayw(t) + Daou(t) (3)
where u represents the PSS output added to the
voltage set points gV, ¥ IS an external
disturbance represented by the mechanical power
oPn. The matrices A, By, By, the vector z, y and the
state vector x are defined by

& 0 314 0 0 g
ASS “K/M 0 -Ky M o5 @

é -K,/M 0 -¥YK,Tw YTal

é U

& (KA/TA)KS o - (KA/TA)KG -YTaa
Bi=[0 1/M 0 0]"B,=[0 0 0 Ku/Ta]"
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Z=[gPe ¥ ] y=qP.

X=[Up¥ qE. qEr] .

where U, ¥, E'q, Erp, Pe and V, are respectively the
torque angle, the angular velocity the internal
machine voltage, the excitation voltage, power
output and generator terminal voltage. T'y, 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 X. noted that the
constants K; (i = 1,..., 6) are uncertain and depend
upon the network parameters, the quiescent
operating conditions and the infinite bus voltage.

3. H® LOOP SHAPING CONTROLLER

HP 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, W; (pre-compensator) and W, (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
G; into normalized nominator Ny and denominator
M;s factors. In any plant model G, the shaped plant
G is formulated as [4].

T — r T r '—'I H
G, = WG| = [ c oD ]
G, = (N +5"_*-,; [T +i'._.m]‘]
Where A,B,C,D represent plant Gg in the state-

space, form HDNS,DMSH(DE, Ns and M are

nominator and denominator normalized co prime
factors. qus and qus are uncertainty transfer
functions in nominator and denominator factors. 0
is an uncertainty boundary, called a stability
margin.

4. RESULTS
4-a. Result of system without stabilizer:

step response

ath
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Fig.1 qp¥at P=1 p.u. and Q=0.015 p.u.

delaomega
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.....

Fig.2 prat 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® loop shaping controller:

.............

Time (sec)

Fig.3 gprat P=1 p.u. and Q=0.015 p.u.

ssssssssssss

Time (sec)

Fig.4 qp¥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® technique, HP 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 - 1 7 0 9 )arA 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
temperatur e @ bwhichtis thred @inde
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
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 sihib ahould
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
principlfd ofid]n. By a cot
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 i 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
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In this paper AVR microcontroller family, LCD display WH1602D is used as an indicator.
AtMEGA16 is used. The choice of this The display shows the temperature measured by a
microcontroller is due to the following thermocouple, and the given temperature.
advantages: the presence of 10-bit analog to Therefore, the presence of the microcontroller
digital converter ADC, three external interrupts and helps us to control the temperature of the container
interrupt on change of the port state. An integrated with the help of the indicator, and also set the
ADC in microcontroller let us convert the signal desired value of the temperature. To communicate
from the measuring device to be further processed. with a personal computer (PC) the built-in USART
The signal should be amplified before being module that provides connections on RS-232
applied to the ADC. Differential amplifier based on through the COM-port is used. The application of
the operation amplifier is used in the scheme this type of communication is more straightforward;
(Figure 2). The operating temperature range of the however, in future it is planned to implement a
CuBr vapor laser is (450 i 6 0 0 u. IfAthe connection through USB-port.
temperatur ewu iors higher) Ovapor To test the designed system a series of
concentration exceeds the required amount. This experiments was held. The same heater with the
leads to a decrease of energy characteristics maximum power 200 watts was used. As model
(power generation) . That 0s tempbraturei tmeasusirsy deeiaes dae dnertuny
measure the temperature within the operating thermometer and the thermocouple electronic
range. To do this, the voltage applied to the thermometer CENTER 307 were used. The
inverting input of operational amplifier (op amp), is purpose of a mercury thermometer was to calibrate
equal to the voltage that produces a thermocouple the developed device by the absolute value, and
at 4 . OThisAvalue is obtained by a restive an electronic thermometer - to record temperature
divider R7-R8. Thus, the amplified difference deviations from the adjusting value. The
signal will be on the output of the op amp. temperature deviations at different adjusting values
Moreover, it is possible to calibrate the measuring - 450, 500, 550 an d 6 @ Was Fesearched. The
device by resistor R8, and the presence of a deviations were recorded not only in a static mode
variable resistor R5-R6 allows rather accurately (when the laser operates), but also when the load
adjust the gain. is being changed (the heat exchange with the

To set the desired value of the temperature two environment was changed). Thus, the
external interrupts of the microcontroller are used. temperature deviation in all cases did not exceed
To do this, the buttons are connected to the Nilu.A

appropriative terminals of the microcontroller. The

RT

Fig.2. Differential amplifier scheme

Finally, the system of temperature stabilization In future, the system will be modified and the
of CuBr generator for CuBr - laser based on software for personal computer (PC), which makes
microcontroller AAIMEGA16 was designed. it possible to take the curve of the transient

If the mercury thermometer indications are process to assess the quality of regulation will be
accepted as a reference value, temperature developed.
deviations do not exceed K1 Thedesignedmiodehwil imeauseel & the gourse
only 0.16%. of laboratory work on the theory of automatic

The system is fAopend and contmok es it possible to
carry out changes in the law of control for the This work was supported by the Ministry of
optimal management mode when used for various Education and Science of the Russian Federation,
tasks. State contract -~ 7.586.
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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.

Resonance 5
“P
level 32

4 3d"4p

Energy, eV

Metastable
level

Ground level

3d'94s3S, ,

Fig. 1. Copper atom levels scheme

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

B D
Fig. 2. Unipolar stepping motor block diagram. A,

B, C, D1 motor phases. AB, CD i common points
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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

t a gofputéregbabhlics. YektBrdgraphibs 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

iAt mospheric and



way because all information resides in the
structure; it describes how to draw the vector [4].
. I

s a9

VECTOR
SVE

RASTER
Jpg gf pug
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.

PC |- RS232.TTL p-» CODE CONVERTER
POSITIONING TABLE ~ ja¢—— DRIVER

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 Atmegal6, 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

Section II: Instrument Making

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
DAZ2 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 Atmegal6. 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.

DDRI - Atmegal6
DDR2 - ULN2803a 1

DDR1

DDR2

DAT1 - LM7805

DA2 - LM7812

C1,C3-330nF

C2,C4-100nF

R1, R2, R3 - 10k Ohm

L1, L2, L3, L4 - Windings of electromotor
S1, 82 - Switches
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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 6operating

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
guantitative 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-
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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.

Transducers

G 32 Channel US-Box]
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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
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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 A longitudinal mode.

Fig. 2a. Proof of equivalence: Sparsing of
Information Content
(16x16) Information Matrix:
SDH 1 1Zoomed A Scan

Fig. 2b. Proof of_édUivaIence: Sparsing of
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Information Content
(1x16) Information Matrix:
SDH 1 1Zoomed 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 Ssensors,
accumulator battery electric radiators, and also to
generate an additional voltage of 30 V.

ABSB-100

Fig. 1 ABSB-100 and ABSVertical frames
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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

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

1T Two PSS TU BCCD (Threshold Unit
BCCD) boards for pressure sensors simulation
which simulate 12 PU BCCD galvanic isolated
analog pressure sensors.


mailto:maksim_kotov@mail.ru
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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):

1  Pressure alarm simulator PAS;

9  Storage cell simulator SCS;

1 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.

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 Y 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);
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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 T 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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M.K. Kovalev
Research advisor: P.V. Efimov, Linguistic advisor: G.V. Shvalova
National Research Tomsk Polytechnic University, 634050, Tomsk, Russia
e-mail: kovalev@tpu.ru

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
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.
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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

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 1
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.

f
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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 d3¢
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
microchip could be used in the role of possible
Il istening device

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

(Abugo) .

Section II: Instrument Making

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
guality 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

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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OF PETN MONOCRYSTALS UNDER ELECTRON BEAM IRRADIATION
M. Kozubova, M. Sushko, D. Starkova
Supervisors are prof. V. Oleshko, senior teacher T. Mylnikova
Tomsk Polytechnic University, 30, Lenin Avenue, Tomsk, 634050, Russia
E-mail: Marina21011990@yandex.ru

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 init
electrical breakdown o
spotso. The electrical
based on direct experimental results obtained in
the research of physical and chemical processes
[1, 2, 5, 6]. The experimental results obtained in
[7 1 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 |
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.

camera Sony

t

microscope

5

3
a

i

N
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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 e¢m 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.
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The tested sample | with the cross section of (371
7) mm and (1.57 2.0) em 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) em 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 sdheme nwithfitheoviacuusnp diotles initiatinga n d

i dhk chioge of (0.85y D) 9/dmé kyiclsangimgsthe
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 dy dleetiore beam wasashot thnouwgla thel o wn o

chamber window by the digital camera SONY U500
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
another and ma k e
(Fig. 2). In some of the experiments streamer
discharges developed beyond the irradiated region
and wer e Adr owno into

deceleration region.
oy ';

i

Fig. 2 Integral photography glow streamer
discharges initiated by the electron beam in a
single crystal of PETN in the Hy, ~ 0.5 Jiecm?

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

at
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€Vizo-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 75.0J/cm?) . At H

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

i,

Fig. 3 Images of the destruction of a single
PETN crystal after single-pulse electron beam
irradiation with the energy density Hy, ~ 0.1 Jicm?.

Plasma jet glow flash in it is expansion and
interaction with the stop, destruction of the thin (10
em) 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/cmz), 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
Jiem?,

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 maxi)mal (H &

Thus, it has been found that in irradiation of
PETN monocrystals by HCEB with the energy
density Nt h

Adnon . 8

75

% Ocrystallographichlly ¢ m

Section II: Instrument Making

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
HCER: 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
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 wuse 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 fdeffect
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 vyield and efficiency
decrease.

Second problem is that GaN crystal grown
on sapphire (Al,O3) 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.
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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).

Sapphire
GaN GaN E
hv .
Sapphire E, _,-7—1-" Laser light is
absorbed
E1
High Power l
UV Pulsed Laser E,
(a) — E,<hv<E,

Fig. 2. Schematic overview of laser lift-off

rocessm a Cross sect|on b) Band
P g %) Bott (o)m [ i
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) Y aAga(l)

There have been a couple of reports on the
thermal decomposition of GaN, in which nitrogen
flux A (N) from GaN under vacuum can be expressed
by a following equation:

A (N) = Noexp(-Eo/kT) (cm™s™)

+



where Np 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 N, 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.

Relief of
Compressive stress compressive stress
|

owing to the thermal mismatch

| %
_— 'l

GaN GN <TEEN.
Sapphire Sapphire Vapor pressure of
N, formed by
decomposition of
GaN
UV Laser
(a) (b)

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
ef fecto. I n this case
sapphire to solve the problem of excess heating.

output radiation

electrode _ )
n-GaN —_§
buffer
laver
p-GaN —

reflector> !

conductive
substrate

electrode
*) 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
spectrum range. The
model possesses the pulse power from 2 to 8 mega
Watt, the pulse duration is approximately 50 ns and
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plateau of the beam intensity distribution (Fig. 5). To
accelerate the production
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 Iarge quantlty 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.
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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.

INPUT

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.

MK PC

vC BS

ADC DAC [—= OUTPUT

RV —

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

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

conversion process when the input voltage analog signal.
exceeds the threshold voltage of the ADC.
INPUT veC BS1 — PC
apc | MK
DAC |—{ OUTPUT
RV BS2 I_’

1

|

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



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

Section II: Instrument Making

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].
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Fig. 3. Schematic diagram of a digital signal processing system with automatic parameter adjustment
constructed on the digital processor TMS320F28335 base.
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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,St at e contract ~ 7
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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
185517 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 T 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.Mo u | d usually doesn
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

30

0

t

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 11 Favorable conditions for insects and
fungi

TempSr:ture, 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 t
below +18 U C
C). In the cold season the optimum humidity is 45-
30%; in the warm season i 60-30%.

Table 1 shows that the optimum temperature
for the timber, when the risk of blue rot and mold
appearance decreasesis 18-2 2 UC (t he
rot appearance decreases), and humidity i 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
ifh@midiy s ¥60-8098) "MBreoVeP the temperature
of 1822 UC, which is
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.

Letds <consider t h eon lthe
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).

Location of sensorsin the house
in Tatarskaya Street (squares -

Fig. 1 -
number 31/1
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. 271 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 upto 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).

cati
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Monitoring of the information from the sensors
is performed with the help of the computer by
means of the special computer program
cTemperature / Humidity

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

813

Measurament
Unit 1

SIN

Measurament
Unit N

Fig. 31 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¢ L T Ke | d& températuressensor
in the basement.

This program gives information in a
temperaturei time and humidityi time 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.

e /\\ //vr\

Temperatur 'C]

Fisg. 4 - Temperature and humidity change; 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.
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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
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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 Classl (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.



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:

1 Welding complex alloys, or dissimilar alloys

1 Precise welding of small parts

1 Welding in close proximity to heat sensitive
components

Repeatable welds

Clean hermetic seals

Solder free welds

Contact free welding

Welding complex structures

=A =4 =4 -8 -9

2. Product improvements:
Stronger welds
More visually appealing welds. Consistent
welds with no flux used.

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

1 Competitive advantage

=a =4

Section II: Instrument Making

3. Process improvements:
1 Reduced preparation time prior to laser
welding i.e. no heat treatment
i Faster welding process than alternative
technology
1 Reduced post welding process i.e. no
cleaning of the weld or grinding

1 Repeatable results from each operator

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

1 Less welding fumes in the process

1 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, CO, lasers are the preferred
choice.

There is now a large range of Classl1 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.

References
1. s. We ritaWelding Processes Handbook

Woodhead // 2003, ISBN: 1855736896, pages i
193.

2. D. Havrilla 7 Laser welding update //
TRUMPF Inc.-Laser Technology Center. 2009.
3. D. Robinson i Laser welding basics // PRC

Laser Corp. 2009.
33


http://www.thefabricator.com/article/laserwelding/laser-welding-basics

XVIII Modern Technique and Technologies 2012

RESEARCH OF THE WORK OF THE POWER TRANSISTOR

KEY WITH APPLICATION OF THE PACKET SIMULINK
Usov, N. A, Ozdiev, A. H.
Scientific supervisor: Gorunov, A. G., candidate of technical sciences
Language supervisor: Tsepilova, A.V., teacher
Tomsk Polytechnic University, 30, Lenin avenue, Tomsk, Russia, 634050
E-mail: Vob_722@mail2000.ru

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 Metali
Oxidei Semiconductor  Field-Effect Transistor,
which consists of SiO2. The JFET is Junction
Field-Effect Transistor, which uses the p-n
transition. The MESFET is Metali Semiconductor
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
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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
MOSFETSs 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]

C JC j{:
G G G
o— . —] »1
E jE E
Figure 1. Conditional graphical notation of IGBT-
transistor

In our practical part, IGBT was presented on
vielw 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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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 | 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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E-mail: derbes@sibmail.com

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 Im/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 costlng can be calculated by the formula:

G12=qAl, +CLSA(AAJ

where q is the el ectyrsi cit)
LS of light efficiency [Im/W], C.s is the cost of LS
[RUR], A is LS luminous flux [kim], Uis LS service
time [h.].

Table ~1 shows the charact
comparison with T uminaries
El ectrico, ( Kra3.noathafor,a Rus
compact fluorescent lamp (CFL) produced by this
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firm, incandescentlamp ( I L) by AEIl Sf er gndtintlidedsnto ches Table) with equal parameters
Russia) [4], high-pressure sodium arc lamp (SAL) of P and U differ in their highest and lowest
by AfRefl axo ( Moscow, R u s s ipricgs (5336-4250=16080 RUR 426%)). Tine \values
fluorescent lamp ( L F L) by thehiDluit g dorf G5 (romi 1.1 to 43.4) are found to be

[6] are presented for comparison. considerably different as well.

To choose a LED we need to know where it is The dependence of LEU on the light efficiency (the
going to be applied and the characteristics of the left axis) is plotted in Fig. 1; the right vertical axis
object to be illuminated. The parameters of the shows the Gi, values for LEU, the incandescent
LED and alternative light sources are to be lamp with =2 RUR/(KWA) is taken as a base
compared as well. measurement unit.

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

Fig.1. Dependence of the cost for LEU (in absolute and relative units) on d,
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Tablel. Cost of LEU Gy, calculated for LEDs vs. traditional LS: incandescent lamp, compact lamp, linear fluorescent
lamp, and high-pressure sodium arc lamp (fragment).

. The main parameters: power, G2, RURA ("Muithndd al to
Tr?gleicngmaen%f Itihﬁtli_ns (in luminous f?ux, service I?fe, etc. - (for USD(it is bt;r?;\]d!q)l
devices (LgD) ’ [ u, ds, "is, 2RUR | 3RUR | $0.16 | $0.12
W kim th.h. | Im/W RUR k WAh| kK WAHK k WA[ k WAH
LED pear-shaped,[ 27; D60.| 5 0.5 35 100 780 64.6 74.57 3.1 2.3
LED pear-shaped,[ 27;D60 | 6.5 0.8 35 123 950 50.2 58.30 2.4 1.8
LED straight-sided.[ 14;D65| 5 0.5 35 100 750 62.9 72.86 3.0 2.3
LEDspot. [ 1 4 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/¢;D26 | 13 2 35 154 1050 28.0 345 1.5 1.3
LED L-shaped G24. 7 1 35 143 700 34.0 41.0 1.8 1.4
LED L-shaped [ 40 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 17
LD right-angled-sh. 2*600. 13 2 35 154 2760 52.4 58.9 2.4 18
LD right-angled-sh. 1*1200. | 13 2 35 154 2400 47.3 53.8 2.2 17
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 17
LD right-angled-sh. 2*600. 13 2 35 154 2300 45.9 52.4 2.1 16
LD round-sh.; D241/115. 7 0.7 35 100 1180 68.2 78.2 3.2 24
LD L-shaped; 510/240/200. | 100 9 35 90 5500 39.7 50.8 24 18
LD L-shaped; 630/275/112. | 120 13 35 108 11999 44.8 54.1 24 1.8
LED module;6.5W. 6.5 1 35 154 580 29.6 36.1 1.6 12
LED module; D54; 5W. 5 0.5 35 100 550 51.4 61.4 2.6 19
LED module; 140/95/2. 50 4.5 35 90 1820 33.8 449 2.2 17
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 24 1.8
SAL-150 40| 150 15 28 100 454 21.1 31.1 1.6 12
CFL LDits . {27 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.

Section II: Instrument Making
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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

objectbs sur face. The passage

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
projecta 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:

DS =

(1)
25|n/
and band repetition frequency (2) is:

F=M )
DS’

the Doppler frequency (3) is given by:

- 2Qv| sty
/q
where F -the Doppler frequency; oy -the
wavelength of thePPL; G -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 equalto 1 2 A .

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
expenmental setup is shown in Fig. 1.

'—{7:1\:,}\“.? \ E {3 :ﬂ

2 . |

| aRg ]
Fig.1 Bl‘ock diagram ofthe 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.

(1)

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).

VISA resource name  Ur R
% comt = o 0
read buffer Ug =
0 0

Ub B

INIT  WRITE READ
el ol aE

START

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
AVisa resource
with PC (e.g. COM 1.), Fig.2.

The Airead buffero Wi
visualization of the information. In this window the
accepted data in hexadecimal format are
di splayed. AUr o,
the voltage level taken from gage unit for red,
green and blue channels accepted from the
measuring bl ock. I n ARO
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 (207 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
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 i code).

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.

mi

References

1. 1 Olsj dals 0 dL BBt lsj dad,
(t smmd2Mm<coOw ANjHIBOYdW) .
ykzemlse dlsj dz' dz" 2 BOIsjted Odz Hd
BdCtesC sdzd yj Misoe o jhjmloe /1
1.4 [ sCkfpmmez. 18.08.2004.
8.19 M.
cr2o.condtOlsqgldiseBd@ Isfozdj And 2472
Cif siitsB sftcj Hj dzj ded W ¢
OdOdzdL ez j ii3sets o jh jMlsa O
[ tcOo ! jo d. )., 1] Oo ted dzj dz¢ 5 1
6. ., wdazehC¢dd w.1. [/ [f&e
- 25. 1 OveCO -~ 2010114385

tihjdedj B or HOgj3 A .00s3].dAsMOL Is ¢
3. MCS3AO0. 3-element color sensor i TOS.

Data sheet. V 1.3. Jena, Germany, MAZeT GmbH,

2007.i 5p.

5. FT232R USB UART IC Datasheet Version
2.09.Clearance No.: FTDI# 38. i Glasgow: Future
Technology Devices International Limited, 2010. 1
43 p.

6. MTCSi ME1 modEVAI Kit with JENCOLOR
Sensors. Technical Documentation. V 1.67 Jena,
Germany, MAZeT GmbH, 2008. i 25 p.

4. 8-bit AVR Microcontroller with 128K Bytes
In-System Programmable Flash. ATmegal28.
TechnicalDocumentation.Rev.2467K-04/04, Atmel
Corporation, 2004. 7 374 p.

7.l EtcOConjo | Oo tod dzj .GzStsd dzzh € d dz
.., J oaydodzdzed ¢ 9. [ B ddz! dgr 2

Yo jlstsd3y Iste diug dyft df RSy d L d3j te § dad v
Msmis Oa Ph | Midad sMdats of jis dzd d3J te dz' n
s ls tsMRse j fidsldwd 2010.7 ©.318.1 - 4 .

T . 68i 73.

40



Section IlI: Technology, Equipment and Machine Building Production Automation

Section Il

TECHNOLOGY, EQUIPMENT
AND MACHINE-BUILDING
PRODUCTION AUTOMATION

41



XVIII Modern Technique and Technologies 2012

NEW WELDING TECHNOLOGIES IN THE SHIPBUILDING
Roman V. Gopanenko
Scientific advisor: Ph.D. Kiselev A.S., linguistic advisor: Shvalova G.V.
National Research Tomsk Polytechnic University, 634050, Russia, Tomsk, Lenin av., 30
Email: Ramis911@inbox.ru

The objective is to overview the material about
new technologies welding used in the shipbuilding.
Wel di ng i s defined as
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:

9 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].

I 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].

1 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].

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].

1 Oxyacetylene Welding (OAW). The
oxyacetylene  welding process uses a
combination of oxygen and acetylene gas to
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provide a high temperature flame. When mixed
together in correct proportions within a hand-held
tgraln mop i blowgpipep ra orelaiwely hdt hflante is
produced with a tempera

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
wel ding work itds going
of features of wel ding construct
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
wel di ng process. That 6s
needs the minimum of operator 6 s
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 possibilites 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,
¢l nrotechté has
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 mobil e robots
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

t
i

proceict ewhichp e d

(0]
(0]

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 efor OS$ tok automase problemts wkichn d

nwerei inmpdssible gearliemn lgabortconsuming 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 5 16 m., and consist of 48 closed
premises in which there is an access only through
hatches in the size of 60x80. Robatics systems get
through these hatches, weld 90 % from total
number of welding works. Robots turn from the

w platfornts hoeateduos ¢he emd of each bblodk of a

prepar atvessehl].

¢l nroteche.

It

Today welding robots and ceramic welding are
intensively used not only in shipbuilding industry;
also itébs
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
di fficuldt mechani sms.
manufacturing welding robots, for example
Austrian IPSHandelsGmbH, Japanese FANUC
CORPORATION, Kemppi, ESAB, LincolnElectric,
ITS-engineering, etc.
The robot
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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 Fei Ci Cr 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 U-Fe is low. Depending on
the copper content and heat treatment, the
precipitation of the UCu occurs in ferritic and
ferritici austenitic stainless steels [3]. The presence
of the UCu 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 457105 e¢m, 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
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substrate was rinsed with ethyl alcohol just before
the PTA process. The 3 wt.% copper powder with
a size of 501 110 em 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
kof. 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 Fei Cri Ci Cu coating
deposited by PTA process consists of Uphase 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 JCu particles. The U
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, UCu particles precipitated from
the martensite matrix when the deposited coating
was aged at 773 K for 35 h. Furthermore, the UCu
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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Table 1
Chemical compositions for the iron-based alloy powder and the substrate (wt.%)
C Si B Mn Cr Ni Fe
Iron-based alloy powder 0.5 3 1.6 — 18 8 Bal.
Substrate 0.12 0.30 — 0.45 - Bal
6504 —c—as-welded
Table 2 —o—asaged
Experimental conditions for PTA process é 600 R Tl
Parameters Units Value ;
£ ss0
o
Transferred arc A 180190 g
current S 500 I j——oO-—"0—"0
Transferred arc V 30-32 '
voltage 450 . ; : ; : :
Main gas MPa 0.3 05 00 05 10 15 20 25 30
pressure ' . Distance from the l‘u3|0|.1' y.,o.rlic_ m.l.“ .
3, Fig. 1. Microhardness of the Fei Ci Cri Cu coatings
Ion gas tlow m/h 0.4
Powder feed m*/h 0.2 —
gas » 0035
Powder supply  g/min 63 2 o
Oscillation rate  times/min 20 Eb 0.025
Travel speed mm/min 110 2 0.020
Cooling water ~ MPa 3 '2 0015}
pressure = 0.010}
Torch gap mm 7 0.005F
0.000

4. Conclusion.

(1) The ageing treatment at 773 K for 35 h leads to
the precipitation of UCu particles. The 0GCu
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 U phase
decreases after the ageing treatment.

(2) The ageing treatment at 773 K for 35 h can
increase the microhardness and the sliding wear

as-wélded as-aged
As-welded and as-aged coatings

Fig. 2. Sliding wear resistance of the Fei Cri Ci Cu
coatings.

resistance of the Fei Cri Ci Cu coating deposited
by PTA process.
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MODELING OF WELDING WITH A MOVING LASER
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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
derivatives (PDE) finite element method.

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

partial

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.

Laser

o
e

™ “ﬂ“‘
Silicon.substrate
can.

—

i
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 beambs
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:

A Thickness: 1 mm

A width: 10 mm-by-10 mm

It handles the variation of laser intensity with
penetration depth using a 1D geometry that
represents the

D 02 04 06 0.8 1
wo®

Figure. 2. The 1D model geometry
46

substrateobs

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

pCp%HE)CQ- kDT) = Q,

where Pis the density, P 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,

K., K

using an anisotropic conductivity of (kXX’ yy? ez
= (163, 163, 16) in units of W/(m LK), a density of
2330 kg/m3, and a specific heat capacity of 703
J/(kg (K).

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

W

' abs’ *

| represents the relative laser intensity (the
variable in the Weak Form, Subdomain application

penet.r

mode),axt' réppegentsdtr?e IOlItD lgobrdin\gtg, 'and Kabs
is the absorption coefficient. The absorption
coefficient can be dependent on the temperature,
and the expression used in this model is

K., =8QA0°m* - 10(mdK) *(T - 30K).

The volumetric heat source term,Q, in the 3D

geometry is then
Q = Rn kabsl ’

where Py 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

ItestQIX - kabso) + kabsO CPin G-t

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
applicatienknedes s (fig. 2) .

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

boundary the relative intensity should be set I to

est”

unity. The total incoming laser power, Pi” , IS 50 W.
The mo d e | i mpl ement s
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

t

he



Section IlI: Technology, Equipment and Machine Building Production Automation

expression results in a moving heat source. This
case describes a circular repeating motion using
the transformation expressions

x = Rsin(nt),y = Rcosii),z= X,

where %Y and Zcorrespond 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).

~L-

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.

Time=1 Boundary: Temperature [K] Max: 515.68

“.aog

Min: 299.874

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).

Time=1 Line: I Line Color: I Max: 1.00
1

0 02 04 06 08 1
X107 Min: 6.731e-4

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 7 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
instrumentma ki ng i ndustry as
springso, correction de
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.

el
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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
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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.

M, N

0.06

0.04 /
|

0.02 g

@/@%/

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.

My N*m

15x10 3156’@& e
1x10”" pf v%

-5
5x10

a, degree

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 t he el ement s of iel
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 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].

Letds consider t he
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

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 J, T the longitudinal component,

directed along the tape, and Js i 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 magnetds poles are
and S. The interaction of transversal components
of a current J, 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.
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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 i
0.12 m, width i 0.04 m and thickness i 7 L T @.
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.

]
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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
Uw . This allows to make a
increasing the linear load of the considered torque
motor it's necessary to increase the operating
current.

References

1. ubktdss [.R., OWOdOM' jo

Ho d ¢ Olsj dzq f tsls 5w dalets Gfts. : IS &
Cdzj e 5Olstsdsq LiR@IS!, fL 989 .

2. Itsd HjS ¢.RrR. SdjCltedyy
Cdzjtecdv,i 8BRT d.

3 [EaBdr 2 HodcOkjd . 1Ok

2378755: [1s

102s 26/00/ |
R. . 1 dzslsdzd € 59, r.1 - JisteWw Yt
L OW 9 dz. 01.12. 08, sf B dz. 10.
4 . RO Odztse O . 1., [ Otels j
1 dztslsdzd € 59 R. ¢. J ddzj 2 dzr 2
OCIsdode d3 § OF jjloidy g3/ [ dzjlds d B St
gdmlsj 3" . v teOo dzj dzd J , stsdzs to tt
2010. ~18B9. dw. 36

5. [ sd3j dzls dzr 2
41310: [ls 102s 26/00Q/ ]
R 9 Odzts @ Ow.8028.10; tsf z.82d201.12,

oz T 3.

Ho dG Olsj dz' .

52



Section V: The Use of Modern Technical and Information Means in Health Services

Section V

THE USE OF MODERN TECHNICAL
AND INFORMATION MEANS
IN HEALTH SERVICES

53



XVIII Modern Technique and Technologies 2012

CORRELATION ANALYSIS OF DATA IN THE SOFTWARE
PACKAGE STATISTICA

Burtseva A.L.

Scientific adviser: Konstantinova L.I., Candidate of technical sciences, associate professor.
Linguistic adviser: Kuznetsova I.N., senior teacher.
Tomsk polytechnic university, 634050, g. Tomsk, pr. Lenina, 30
E-mail:anechkabv@mail.ru

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:

1 healthy children;

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

9 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:

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

1 a spreadsheet to display Scrollsheet
numerical and textual analysis;

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

1 areport: 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;

1  check of distribution normality.
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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:

1 median Q2;

1 quartile Q1;

1 quartile Q3;

1 the lowest value of the observations 71
Xmin;

1 the greatest value of the observations 1
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:

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

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

1 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=Q31 Q1, 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 1.51QR
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 1.51QR 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.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 O 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 2 = 0,05,

Variable | Var8 Vad | Varld [ Warll | Varl2
Va8 [ 1000000 0565303 0090909 0199582 0408569
Vard | -DAE5308) 1000000 -0183133 0222571 0705329
Varll | 0090909 -0,189133 1000000 0F20272 0584431
Varll | 0,199582 -0222571 (520272 1000000 0728315
Varl2 | 0408568 0706329 (584431 0728318 1,000000

Fig.3. Correlation matrix for indicators (CBC) of
healthy children aged 0-12 months

Variable | VarB Vard | VarlD | Varll | varlZ
Va8 [ 10000001 -0 765308 0090809 0199582 0 A08AER
Vad | -0AE5308 1000000 0189133 0222671 -0705329
Varlll | -0090909 0189133 1000000 0820272 0584431
Varll | 0,199582 0222571 0520272 1000000 0728318
Varl2 | 0408568 0705379 0FB4431 0728318 1000000

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
el ectrical
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:

Awell-defined rest state;
AThreshold for excitation;
AA 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-
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system of t he

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

The equations are the following:

Lkuf =Du+(a-ul)(uk1)ul+(-u2),

WEZ = e(b@l-gW2-d).

Here ul is an action potential (the activator
variable), and u2 is a gate variable (the inhibitor
variable). The parameter U represents the
threshold for excitation, U represents the

excitability, and b,, 9, and U .are §arameters tI:llah -

MZ8cP the recstasQaHe 'ér?d Cdynet\r‘n'ic of the system.

The boundary conditions for ul are insulating,
using the suggestion that no current is flowing into
or out of the heart. The initial condition defines an
initial potential distribution ul where one quadrant
of the heart is at a constant, elevated potential VO,
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 O:

ul1(0,x,y,z)=VO ((x +d) > 0){(z+d) > 0),

u2(0,x, y,z)=v2((-x+d) > 0)@z+d) > 0).

Here d is equal to 10' ® 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-dimensionalg e omet ri ¢ hear't

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.

Time=120 _Boundary: ul Max: 0.982

. 3 .
o~ 05 % o8
B flos 1] flos
o4 o4
p p
02 02
fso o fso o

50 0.2 50

Time=500 _Boundary: ul Max: 0.970

Min: -0.307 Min: -0.281

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 ul, 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
alews byigdipgmore 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]
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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 i 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
1seg.=1.0mm 1 seg. =0.2 mm/s 1 seg.
0.2 mm/s

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

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
theobject i ve assessment of

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 togenerate, Vvisualize,
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.
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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
ARsults of therapyo is

The 1ISO 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 Ilayer 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

not
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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 i 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.

Archetype View - ‘
hiadical Visualization View 2
concept concept Viewn

Profils User

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 thei
people need a system for assessing the external
effects on a human
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:

r

body.

F o r Although ultrasound

distorting fields will form damaged tissues so that a
healthy body is not able to develop using them.

prevent any external impact on a human body.

is expensive, routines
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
fessential o wvariables c
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
Anor mal o0,
reliable results only at significant gross deviations.
As arule, 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.

T adapt 1 adapt

| o winvasigecmethal give n o n

<) - d

Fig.1. Types of adaptation strategies: a)
adaptive; b) compensatory; c) adaptive
compensatory; d) maladaptive
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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:

O 0 &' ¢ "WQ

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:

"0 0pF0¢ 00 | &oac dQ

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.

‘ ECG H Distribution of R-R intervals %’
processing

‘ GSR H Level of resistance of the skin %’ with help of

criteria
‘ Rheogram H

Data

Level of blood filling %’

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

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. AMedi net o
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

ofAlBeomPeldgclihieg o0,

world. As a result a sheer humber 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 I nfoMed,

Al nf iHoastpyioal @ ATORI NSO

Seventy five percent of them are actively working
and developing. Modern Medical Automated
Information System is software and hardware, data

d e v ednd krewledgeb basesG derignatead | 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 pat.
access to different directories. The speech
recognition and handwriting technologies are also
successfully developing in our days. They are
necessary in the condit
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.
Alnterind is one of t h
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
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-Hospital;

-Clinic;

-Laboratory;

-Dentistry;

-HealthFood,;

-PACS;

-Economics;

-PersonnelDepartment;

-Library.

The major MIS "Interin &ubsystems 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
eglsirdtion s stadffn and plientsv iofd iprevgntive
institution, including maintenance of ambulatory
patient records, appointments to being examined
in the diagnostic units, creating a single patient

i 0 n slatabdsecohprevent@esinstitutiop with a hogpltag  t

e

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

p ofo sitk debve gand avadhtiond, sandh thé iuse hoé d

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.
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"Desktop"
user is entitled to have access to. We can say

is an organized set of objects the
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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.

# | & |elafzfs[a[a[afelslalazlaleh
i
i
I

wwwww

B[ g[8

[ —

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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AND SINTERED PRODUCTS PROPERTIES
BELOKRYLOVA A.O., MATRENIN S.V.

National Research Tomsk Polytechnic University
Institute of High-Technology Physics
Department of Material Science in Mechanical Engineering

aleksandra_belokrylova@mail.ru

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 % Al,O; T 19
% ZrO, 1 1 % Y503, 95 % ZrO, 7 5 % Y,03 (mol.
%). Mechanical activation of source powders was
performed in energy-intensive planetary ball mill
¢cActivator 2SLe. We
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°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

det er

increase. Compacting pressure has little effect on
the density.
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Fig. 1. The dependence of the compacted ceramic
samples density on the compacting pressure
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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.

b
Fig. 4. Photographs of ceramic samples
microstructure sintered from ultrafine powders
processed at 30 Hz for 20 min: a - of 80 % AlL,O3 T
19% ZrO, 71 1% Y,03, b -0f 95 % ZrO,1 5%
Y203

The samples on the basis of Al,O; have a
pronounced two-phase structure in accordance
with the phase diagram of Al,O3 - ZrO,. The dark
component corresponds to the a-Al,Os, the color is
due to partial recovery of aluminum from corundum
and its subsequent evaporation. The light phase is
represented by partially stabilized ZrO,. The
uneven distribution of ZrO, 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
% ZrO, 1 5 % Y,03 is also a two-phase: a light
phase is represented by a-ZrO,; dark inclusions
are t-ZrOs.

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).
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Introduction

A fismarto structure is a

sought-after functions like self-repair of damages,
sygh®rization withheavironntentahyarnatiosse etc.

of multifunctional parts that can sense, control, and L Singl e Phase Materi al ¢
actuate. It is a primeval analogue of a biological includes several ferrous materials along with those
body. fiSmarto mat er i afors a mwigh one ¢r enoredwuge anomalisseethted to phase-
constructing these fi s mar t dransiidn pheromana. R]s t hat can
perform sensing as well as actuation functions. [1] Composite Materials: Functional composites
Historically, in the first half of the twentieth are normally designed to make use of non-
century was the struggle of scientists to improve functional materials to improve functional materials
the quality of materials (for example, to improve or to blend many functional materials to develop a
the characteristics of metallic materials by 20-30% multifunctional composite.
through achievement). We can see that the role of Some natur al materials ar
metals and alloys in the middle of the twentieth such as piezoelectric, electrostrictive, and
century, reaching a maximum. When this resource magnetostrictive materials, but they are far from
was exhausted? Scientists and researchers have satisfying t he diversifi ef
turned to other materials whose properties could structures. Most natural materials also have limited
be successfully replaced by metals 71 ceramics, amplitude in response and must be operated in a
polymers, composite materials, the role of which limited temperature range. One could, however,
increases during the last quarter of the twentieth use chemical and mechanical engineering to
century to the present day. create Asmartero material s
It should be noted the emergence in the late propertiesforapart i cul ar Asmarto str
twentieth century a large number of new materials. Applications of ASmart o M:
Materials science begins to use functional There are many possibilities for such materials
materials. We can assume that the functional and structures in the manmade world. Engineering
materials are all materials that have certain structures could operate at the very limit of their
properties and are intended to use under certain performance envelopes and to their structural limits
circumstance. These materials are nontraditional without fear of exceeding either. These structures
classical or structural. They included all the latest could also give maintenance engineers a full report
materials developed over the last ten T twenty on performance history, as well as the location of
years. defects, whilst having the ability to counteract
There is a definite classification of materials: unwanted or potentially dangerous conditions such
- construction material; as excessive vibration, and affect self repair. [3].
ASmarto Materials in Aeros
- composite material; Some materials and structures can be termed
0sensual 6 devices. These ai

- 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 ist 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 HAsmartdo materi al

The commonly encountered
and materials can be categorized into three types:

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

Th

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 air cr aft constructed fr
struct ur e émonita itsl pérformantefto 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
S "Smart" materials can change their
cliasactesistids cand sthtershape and eegulate the
response to new conditions, in accordance with
teeir feyep & chamge. As a iresult efga '@rhairt"o n
materials in materials science emerged the
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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 #Asmarto
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-
repai r water pi pe, et c.
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 t hat
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 |
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
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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
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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
producti on: COGEGUME
Belgium) and Elastollan LP 9276 (BASF,
Germany).

CogegumE AFR series
based halogen free flame redandant (HFFR)
silane crosslinkable compounds (LSOH-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.
Speci al series COGEGUME
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

1  wide working temperature rating (i 4 0
to 125 AC)

1 high wear and tear resistance;

1  high fire resistance;

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

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

1 low toxicity (compound without halogen
fire retardants);

1 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-t une t he
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:

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

TPU is known under the trade name
El ast ol amntEadswallasECoge g u
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

1 resistance to hydrolysis;

1 resistance to microorganisms;

1 excellent abrasion resistance;

1 outstanding low-temperature
performance;

1 excellent mechanical
combined with a rubber-like elasticity;

1  high shear strength;

1 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

properties,

regard, E| a st o lfinidsa e
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 metali fullerene 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, microi 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.
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Figure 1 8 Change of microhardness vs. change
of carburization time

Table 1 6 The results of microhardness
measurements

Exposure Microhardn
time, Sample state ess,
hours 1.
6 No carburization 266,9
With carburization 241,9
) No carburization 287,1
With carburization 276,7
12 No carburization 283,5
With carburization 236,9
&fi
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T & .
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Figure 2 8 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 metali fullerene
layer on the steel grade 20 surface obtained in
petroleum pitch environment affects the corrosive
characteristics [2]. Fullerene molecules have a
c | o s estell 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 3i 5.
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Figure 5 8 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.

1
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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 | .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 I,
width b and thickness a, the relationship between
the deflection force F and the magnitude of | is
given by [6- 8]
4P

~talkd o

where E T is Young's modulus of the material.

r a

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

43 o
E=—— 2
X 0 (2

However, it is impossible to use the formula (2) for
the sample with a chevron notch, since the length |
(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 | 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
| . Therefore, the formula (1) can be conveniently
represented as follows:

2Bk Yo

where |y T is the distance from the tip of the angle
chevron to the point of the load application (Fig. 1)
and k 1 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:

Thus, the value of Young's modulus according to
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the deflection of the sample with a half chevron
notch is
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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 | 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,
b=8mm,a/ 2 = 30a/p) =31/2) Eood
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,, 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 E;, = 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% Dy,0; 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
guantum 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 [3i 6]. Irradiation of
the host matrix also results in modifications of the
host structure and creates color centers that affect
its emission properties [71 10].

Experimental

For the current work, a glass system of
composition-50P,05-xLi,O - (50-x)Zn0O
:5wt%Dy,0; is prepared from high purity chemicals
(Aldrich  chemicals), using the melt-quench
technique, where X changes in steps of 10, and
ranging from O 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** ion as follows (from “Fg),
to 6H15,2 at 481 nm) and (from 4F9/2 to 6H13,2 at 575
nm).

The excitation spectrum of the Dy3+ doped
glasses given in figure 1 shows that the excitation
of the Dy3+ ions is accomplished by the excitation
of the °Higp,*P7»  states which then relaxes non-
radiatively to the “Fq, state, part of this excitation
energy depleted through non-radiative cross
relaxation [11]
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Fig. 1. Excitation and emission spectra of the"Dy
doped phosphate glass

The CL emission intensity is found to increase
with increasing the composition factor X as shown
in figure 2. Lifetimes of the *Fq, level are found to

incease from 3500s to 2000s

the composition factor X. suggesting that the
consequent replacement of ZnO by Li,O 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 Dy3+
ions plays important role in the emission properties
of Dy3+ ions because of its closely spaced energy
level diagram.

P,Os5 based glasses consists of PO, 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 Li,O 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.

77



XVIII Modern Technique and Technologies 2012

1.0

0.5
(@]
[a)]

0.0

370nm 540nm
05}

_1_0 1 1 1 1 1 1 1
200 300 400 500 600 700 800
I nm
Fig. 3. Absorption spectrum of the color centers.

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 ti me
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Fig. 4. Dependence of the emission intensity on the
radiation dose

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 buildings.

The given work investigates which

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:

At he psutface shodlds be smooth,
without roughness and external defects;

A density of the
0.032 g/cma3.

Based on these requirements there are certain
requirements to polystyrene:

A g 1sizei composition of the material should
be even;

A the content of the
should not be less than 5.5%;

A the materi al shoul d
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

moded s

must not exd®®8egd Pe.|02Pen
B-S-25 | noplex | oplex
35 31
Density 15- 28- 28-
kg/m?® 16 37 30,5

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 sampl es were
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).

Table 1 Density

To determine the minimum possible cross-

f o asmdtion gcastingsesaniples( op lenyth 450 enjn and
sections 5x5mm,10h10mm, 15h15mm were cut
b €Fig.B 4& Rhenythreb samples of ditfeeent 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
castings

four temperatures o f 6 0Q0 ,

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 o f 15 %t
700 ¢ @nd showed good results when filling
sections 1 O | IThe. rest of the samples with the
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section of 1 51 &l$o showed excellent results at
the temperature of the alloya b o v e C8(0Flye
3).

160
140
120
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e0
40

| F

0

X X 5
Penoplex 31

X x1015x15 5x! X 3
PSB-S-25 Penoplex35
H600°C m700°C m800°C 900°C

Fig. 3 The results of the research

Based on the results wecan 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 interms 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 betterto
use Penoplex, it will reduce the cost of subsequent
machining of the item. If the cross section and
length of the pattern do notallow the use
of Penoplex, the surface pattern of
polystyrene PSB-S should be treated with paraffin.

'\ -
#

The results at 900 eC

i‘g.ﬁr

From this work we can conclude that the
temper at ur e dgMgod) ewithBa(pétter
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
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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



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
Met al 6. After sintering
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 WCiCo
powders in larger scale received a major impetus
with the development of a chemical synthesis
technique, call ed
(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

t h e tinmea thigh i parity,

6spray
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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 19406s;
early 196006s eadyn3D,000 pons tao
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-

t ogramedWCLCICo a&ppraach thadudes shortér Bistarin
iasd grecisé acontrol t dfi a t

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 WCi Co cemented carbides, with
respect to their room temperature hardness,
strength and wear resistance. It is believed that
usage of WCiCo 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 CookiLevin 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 1
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 i 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 (), OR (U) and
NOT (%) operations. Since {@U, X} 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 formulaF ,
find a truth assignment for a set of variables

X ={X,Xp,.... X}, with X [ F for i=1n,
such that F(X) =c, where c=consl, ci {03} .

If Cequals 1 then this problem is an instance of
SAT. Only this case will be considered, since
F(X)=cand F(X)=c have the same

solutions.
AND/OR tree is a compact, visual and efficient
in handling way of representing Boolean formulas

over a {Q,U,X} 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 aU ((5 Uc) @d)

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

W
s
a v
- d
b I

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 fAgoodnesso of |
sequence of generations i 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 i the i symbol

of such string corresponds to the variable X; in the

solution.

Let 6s consider ai aptautht i al
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
natur al to think of a fAgooc
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 <cl ause

ones that satisfy several clauses.
Letds design an

have this kind of flaws. Aigo od o

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

wi | Sumrbaey af sthefi gavametars: adsstruttivee

crossover type, large population, low selection

obj ect i v eressuen meédiurn Mmutdtibnarate o @reves that
s ol ut i o ndiversity imlgenotypepis 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 i it has
a unique solution. Besides, increasing the number

the root without visiting any satisfied node. This of variables in the minterm demonstrates the

definition comes from the observation that if some scaling of the algonthm

node doesn 6 t |l ie on any of t hes etoom : " ———bestchromosome | £ h'S

from the root to the leaves than this node is 8000 average

satisfied. The distance is there because the leaves 6000 :

that are closer to the root are easier to cut from it 4000

by the satisfied node, thus we give a higher priority o000 DN S e

to the solutions that cut away the deepest leaves. . : ; ; : :

Zero value of the objective function still ) o0 A0 ated ROWT 3R o

corresponds to an exact solution. In the context of Figure 3. Best and average objective

GA, the fitter individuals correspond to the smaller function per generation _ ,

values of the objective function. . 'Fl'g. 2 illustrates the behavior of the.flttt.est
Having the objective function defined we select individual and an average value of objective

the genetic operators and the parameters of the function per generat]on for the binary AND/OR tree

GA by trial and error strategy. The summary of the representing the minterm of 2000 variables. We

parameters of the GA can be seen in table 1. can obse_rve that objective function drops almost
Table 1. Overview of the GA parameters expo_nenually and successfully converges to a

Parameter Value solutlon_ after an average (of 100 runs) of 249

: - generations.
ﬁ'jﬁqg;rﬂﬁ ggﬁglrzttligﬁ S iggoo The comp_utation t!me_grows s_Iowa with the
Number of clones 10 numberl of vz_irlables N in minterm (Fig. 3). Eor each
. . N the time is averaged from 50 runs. It is worth

Mutation rate 1/(number of loci) noting that the algorithm in [1] took 1.5 hours to

Crossover rate 1 . solve 2400 variables minterm, while our approach

%Eg g]‘: g:a(l):it(i)(\)/r?r ;Jonulfr?]rar?nent, — took only 22 seconds in average of 50 runs.
Increasing the size of the population can g

radically speed up the evolution. But this also o

increases the number of objective function £

evaluations, thus slowing down the computations. zﬁa 460 = a&n mbn

t hMallt(?[ss (cILcI)nSese tfheufllttest |r;d||vu|:iuglsl;) ZvasrrantsW S Fig re. 4 Co[relan?: bet gen the number of

generations. variabl8s%nd a ggrl‘? exe utltgnq hé

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
d o e s resirby mdre 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 1
raising the selection pressure results in slower
convergence.

84

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 1 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.

1 The users have an opportunity to view the
information in the database. This feature is
implemented by the creation of different directories
(figure.1).

o owwie  Anamus O nporpae

Figure.1l. Fragment of the program interface
(information view in a database)

1 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)

1 There is also the possibility of the changing of
data - time supply of electricity to the cascades
(figure.3).

s

Figure.3. Fragment of the program interface
(switching on and off cascades)
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1 The program also contains the information
about the placed lighting units in the cascades
(figure.4).

.-

Apvne Aoanws O porpaune - o x|

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.

Mechaw -

[No Tanam HarpyskK (HouHanA dasa)

Hourian & |——| - |—:—|
Mkosan (po) © |__| oo |_Z_|
Mukoean (evep) o |__| oo |_Z_|

[exypHoe ocBelweHwe (BeYepHAR hasa)

BDEM:FI EbIKNKOYEHWUA I;I
BDEMH EK.NHYEHWA I;I

[ CopaHnTe ] [ COmaeHa

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).

Crocot pemers

Kacxkax: HIT-3 nm MocKoBcxsti TpakT,66

Vuactox ceri: Nedd Mockogcxii 1-T16(Mevers)

Tum sk = 0 T navms: = 0 Komiectso = 0

m4ecteo =0

MHECTBO = 0
Titn dasss = 0 Tun nasnss = 3 Kousecrso =0
T asss = 0 Tin navmss = 4 Komrs -0
Tin asst = 0 Thn Aavme: = S
Tum passs = 0 Tim navms: = 6 Komrdectso = 0
Tin dasss = 0 Tun 2asmss = 7 Komectso = 0
Tom passt = 0 Trn naumst = § Komiraectso = 0
Tim dasst = 0 Tun aasmss = 9 Komectso = 0
Tim ¢asss = 0 Trn 1aumst = 10 Komriectso = 0
Tom hasst = 0 Trm zasmst = 11 Komraeetso = 0
Tun daski = 0 Tun savmst = 12 Komdecrso = 0

*| Tum passs = 0 T nasms: = 13 Kamrsectso = 0
Tom Aanre— \ Tem meisrns— )4 W rimmac:

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.

BREEREEIZ

x

25 v e D000 880 e b | Pt

I':Ligure.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 i mplement concept
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 seque nce presenting
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

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:

i Semanti Crosg/gldifarm éxtept fonthe tgenerator 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
maust thé cdlleeted in | enandeless manner. All
private data is mined from open sources and
surveys afteruser 6 s per mi ssi on.

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.

Business data

Semantic Semantic-enabled

optimization of HTML document structure for each Markup HTML content Changingthe
user is proposed. This approach could decrease a Generating Semantic Ranked structure and
number of turndowns and in eer Prote |6 | €_Analysis /L Bements €| @pearance of
) i . ser Profile the content
satisfaction. The turndown in terms of search Retriving user profilej
engine optimization and internet analytics is a case JSON object
. S

when a user is not satisfied and immediately goes User Profile
away from a web-site. If a user spends less than 5 Sorage
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

ot her search engines ar e
turndowns[2]. It is also confirmed that the ratio of
turndowns influences on the position of the site in

Figure 1. Semantic web application architecture

a bAFcerding 19 thedog) e\s_}sgstmenuogeg gbgvg it
IS possible to distinguish three main parts of the
architecture:
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1. The semantic markup generator 2. The process of ranking each

2. The provider o fprofiee mant i HTMueeeens @ccording to the values of a

3. The semantic analyzer particular user profile.

Semantic markup generator 3. The execution of callback function which

The semantic markup generator is a component changes the position of each analyzed
which is responsible for adding semantic attributes HTML element and modifies CSS-properties in
to HTML elements, created on the server-side. The conjunction with ités seman
component is platform-dependent and has to be Two general types of call-back functions are
implemented as a part of a whole web-application. introduced:

The semantic attribute has the format similar to a 1. Highlighting function. This function just
string of CSS-attributes. changes opacity of analyzed HTML elements in a

Semantic user profile determined range

The concept of Independent Semantic Web 2. Reordering function. This function changes
Application introduces a term Semantic profile. A the order of analyzed HTML elements.
semantic profile is an object with a set of properties Developers are able to use their own callbacks
describing preferences, interests, tastes and instead of introduced above. The reordering
parameters of a particular user. In case of internet function is more appropriate for mobile internet
application a semantic profile should be presented applications, because mobile user expects the
as a JSON-string. most relevant information on the top of the screen.

The provider of semantic user-profiles is The highlighting of relevant information is
responsible for generating a semantic profile. The appropriate for desktop users because those users
most popular social networks like Facebook, have easier instruments to scroll large web-pages.
VK.COM, Twitter can be considered as a source The semantic object is an entity with the
for retrieving user-specific semantic data, but the following fields: a reference to a DOM node, arrays
range of user 6s presets i of sematic attributes and thee vhlues n d i s
usually presented by the following fields: gender, Conclusion
age, education, address. Also this information can Proposed solution could be an alternative to
be collected by various surveys integrated with an existing methods of search engine optimization.
internet application and stored in a local user JavaScript libraries developed for testing purposes
profile. could be easily applied to existing internet

Semantic analyzer applications to add semantic functionality and

A semantic analyzer could be implemented as a increase userso6 satisfactio
JavaScript application. This way of implementation References
simplifies integration of semantic analyzer into [1] Semantic Web, DateAccessed: 1/2012
existing web application. www.w3.org/standards/semanticweb/

As soon as HTML document is fully loaded [2] Yandex Search Engine Optimization,
JavasScript plug-in starts analysis of page content. International Web Marketing Communication
The plugin requests a semantic profile and Agency, DateAccessed: 1/2012, http://www.global-
processes DOM elements which have semantic marketing-communication-agency.com/en/yandex-
attributes. This process consists of the following seo-search-engine-optimization.html
operations: [3] Report Data Calculation - Google Analytics -

1. The process of generation of semantic Google Code, DateAccessed: 1/2012,
objects http://code.google.com/apis/analytics/docs/concept

s/gaConceptsDataCalculation.html

IMPLEMENTING REGION OF INTEREST ALGORITHM
IN BIT PLANE ENCODER

Belousova E.R.
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Introduction compressed data. It has great actuality especially

Because of the explosive growth of the amount for application data compression in industrial
of multimedia data for transmission and storage, sphere. In this way, variety of powerful and
data compression has become very important in sophisticated wavelet based image compression
order to save bandwidth, increase storage capacity schemes have been proposed and standardized.
and at the same time provide sufficient quality of 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 ROl-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.

DCcoefficient

parents

children

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.

Decoefficient [l [
parents [l 2] Bﬂ

children - -

-

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

grandchildren

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 iqual
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-ROl). 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. lterative 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 YO & ‘Gshould be found. It is calculating as
follows:

DMAE =g & |plillill- e [0l

i1 j=1
where |a|represent the absolute value of a,

plilli] is the coefficient at [i,j] in candidate block,
and p/[i][j] is the average of the pixels at [i,j] of all r
blocks, i.e.

& pdilli]
Pl ==

If DMAE 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 ROl (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 wunits in segments have to be
consecutive. However, shape of the ROI may be
arbitrary and blocks in the ROl 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 Os 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.

I n the segmentds header

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:

1 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;

T these
signal constantly during the whole time, but only at
a certain moment which is called a moment of
gquantization.

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:

1 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.

1 jitter at the output of asynchronous
multiplexers(i.e. at the input of the switching
station) may result in
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:

numeri c val ues

i parasitic phase modulation in a clock
generator;

1 effect of noises and interferences on the
clock in the receiver circuit;

1 modification of the transmission path
length;

1  changes in the speed propagation;

1 the Doppler shift of moving objects

1 irregular receipt of timing information etc.

Causes of wide variety of jitter generate many
tfpBsofjifter.[2)f € PTr esent

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).

TYPICAL PDF'S
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Total Jitter [ N
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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:

1  periodic jitter (PJ, also sometimes called
sinusoidal jitter or SJ),

1  duty-cycle dependent jitter (DCD),

1 data-dependent jitter (DDJ, also known as
inter-symbol interference, ISI).

e | a s tAn additiondl ¢ategory gboumdea, wrfcarrelatesl

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.

Ideal Edge Measured

/ Positions \ Wavnlnrm/

-— —i |- [ . —
1 TIEt HiR] v | TE3 i TIE4
H P1 1 H :

+ + P2

P3

c2=P2-P1 C3=P3-P2

Period Jitter vs. Cycle-Cycle Jitter vs. Time Interval Error

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]

Modulated Clock

21010 nsec P e ey PR -
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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.
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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]
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Network
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Command TFTP Network
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Fig. 1 The standard scheme for collecting data at
the configuration

The main mechanism for saving working
configurations in monitoring systems is Trivial File
Transfer Protocol (TFTP). TFTP (Trivial FTP, RFC-
1350, -783, RFC-906, STDO0033) 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:

A Read Request (RRQ, #1) 8 Request about
file reading.

A Write Request (WRQ, #2) 8 Request about
file writing.

A Data (DATA, #3) & the data transferred
through TFTP.

A Acknowledgment (ACK, #4) & packet
acknowledgement.

A Error (ERR, #5) 8 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).
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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:

A Archiving: it serves the archive of hardware
configurations, which is managed by RME, and
provides the following tasks:

A receiving, archiving and restoring device
configurations,

A 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,

A ability to generate reports from data in the
archive,

A ability to compare versions, configurations,
and to test for compliance with accepted standards
and rules.

A Config Editor: it is used to change the
device configuration, stored in the archive, and
download the new configuration to the device.

A 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:

Telnet

TFTP (Trivial File Transport Protocol)

RCP (Remote copy protocol)

SSH (Secure Shell)

SCP (Secure Copy Protocol)

HTTPS (Hyper Text Transfer Protocol
Secured)

Despite a large number of positive aspects of
the system, there is also a drawback i 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.

T 3> I I > >

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 noatification 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 usersbod activities
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 ideaofcr eat i ng offiel cdvas mat
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 remainin the
background. So the idea of combining information
technology and oil and gas industry had appeared
and was received with enthusiasm. For example,
¢Virdiulafli el de
Tomsk Polytechnic University and Gubkin Russian
State University of Oil and Gas.

Wh a't i s aoilf ¢ ¢l de®al An
definition of a virtual oilfield hardly exists. All of the
proposed definitions include the following:
¢Virdiulafli el dée i s:

1 Subject of activity: a 3D computer model of a
given section of oil or gas deposit, a virtual
deposit;

T A multitude of virtually managed oilfield
processing facilities, i.e. computer models
of injection and production wells, power
equipment of an oilfield;

9 Virtual automated process control system for
oil and gas production;

T A real management
system and computer-aided
support systems used in
gas produc-tion enterprises;

1 Automated workplaces for
specialists: geologists, geophysicists,
technologists, drillers, mechanics, power
engineers, ecologists, economists,
and managers whose team-
work ensures oilfield operation;

1 OQilfield 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;

information
decision
modern oil and

ual

ig ecarged oqutae n t

1 Telecommunications center allowing to
simulate telephonic and video conferences;

1 Training and research laboratories and
centers;

1 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.
¢Virdiulafli el deé
compared to the work of a flight
control center. Using ¢ Vi rd iulafldllevs d éto
monitor the work performed by each expertat a

E ]

workstation, receiving  not  only sound,  but
also video.

For creating the project
¢ Vi rdiulaflfocaseddspecialists 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.

a C Cpahydéople might have a question: what is the

overall purpose of creating a
¢ Vi rdiulafl iFiest, il & ?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 economyis replenished by
specialists that know theory well but are
notready 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
partin  virtual well  drilling, installing the
necessary equipment, and field development.

The idea of cr eating
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:

1 The principle of systematicity: activities of oll
and gas companies are simulated as a whole;
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1 Creation ofjobs that give students the
opportunity to perform the work made by
specialists of the given profile on an everyday

basis;

1 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 o0il 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:

1 Field development design;

9 Qil production shop situation control;

1 Reservoir pressure maintenance situation
control;
The ¢ Vairlt fusddchted at:

9 The Institute of Cybernetics (Cybernetics
Center, building 10);

1 The Institute of Natural Resources (building

20);
The main products and services of the project
are:
1 system integration hardware and

software solutions for constructing
the "Virtual Oilfield" situation center;

91 algorithmic and software systems
that provide 3D modeling , design,
and situation control of virtual departments;

1 scientific and methodological
support (monographs, textbooks, and
laboratory courses in the core subjects);

1 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 usedin such
industries as mathematics, medicine, geophysics,
ecology, and oil industry. Computerized
information channels connect petroleum
specialists with colleagues and partners allowing
them tointeract 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 itsremoval: the driller, the
technologist, the mechanic, or the transportation
engineer. Within the framework of this project |
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:
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Website will be embedded in this project.
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Cloud computing is the delivery provisioning often appear to be unlimited and can
of computing as a service rather than a product, be appropriated in any quantity at any time.
whereby shared resources, software, and 3. On-demand _self-service. A consumer can
information are provided to computers and other unilaterally get computing capabilities, such as
devices as a metered service over server time and network storage, as needed
a network (typically  the Internet). [1] Cloud automatically without requiring human interaction
computing is a model for delivering information with each service provider.
technology services where resources are retrieved 4. Broad network access. Capabilities are available
from the Internet through web-based tools and over the network and accessed through standard
applications, rather than a direct connection to a mechanisms that promote use by heterogeneous
server. Data and software packages are stored in thin or thick client platforms (e.g., mobile phones,
servers. However, cloud computing structure tablets, laptops, and workstations).
allows access to information as long as an 5. Economy of the process.Measured service is
electronic device has access to the web. This type used in cloud technology. Cloud systems
of system allows employees to work remotely. [2] automatically control and optimize resource use by
There is a more common definition. Cloud leveraging a metering capability at some level of
computing is a general term for anything that abstraction appropriate to the type of service (e.g.,
involves delivering hosted services over the storage, processing, bandwidth, and active user
Internet. The problem is that everyone has different accounts). Resource usage can be monitored,
definition of cloud computing. This is caused by controlled, and reported, providing transparency for
high functionality of this technology. But the most both the provider and consumer of the utilized
accurate definition is given by Peter Melland service.

Timothy Grance from National Institute of There are four deployment models of cloud
Standards and Tec h@loud o g y computing.A) : o]

computing is a model for enabling ubiquitous, 1. Private cloud is infrastructure operated solely for
convenient, on-demand network access to a a single organization, whether managed internally
shared pool of configurable computing resources or by a third-party and hosted internally or
(e.g., networks, servers, storage, applications, and externally. [1] Private cloud functions on a private
services) that can be rapidly provisioned and network. It is highly secure

released with minimal management effort or 2. Public cloudis one based on the standard cloud
service provider interact.i computing model, in which a service provider

Gener al Director of L t d makes resources, such as applications and
Syst ems Cl So Ser gey louK ar pstorage, available to the general public over the
computing is in one sense the evolution of entire IT Internet. Public cloud services may be free or
i ndustry i n gener al 6. Foffered on a pay-per-usage model. [4] it enay be
characteristics of cloud computing. owned, managed, and operated by an academic,
1. Resource pooling. T h e provider 6s g@goeemmant; or buginess organization. It exists on
resources are pooled to serve multiple consumers the premises of the cloud provider.This type of
using a multi-tenant model, with different physical deployment model offers the highest level of
and virtual resources dynamically assigned and efficiency.
reassigned according to ¢3. Community cloud shares infrastructure between
There is a sense of location independence in that several organizations from a specific community
the customer generally has no control or with  common concerns (security, compliance,
knowledge over the exact location of the provided jurisdiction, etc.), whether managed internally or by
resources but he may be able to specify location at a third-party and hosted internally or externally.
a higher level of abstraction (e.g., country, state, The costs are spread over fewer users than a
datacenter). Resources include storage, public cloud (but more than a private cloud), so
processing, memory, network bandwidth. only some of the cost savings potential of cloud
2. Dynamics and flexibility. Capabilities can be computing are realized. [1]
elastically provisioned and released, in some 4. Hybrid cloud is a composition of two or more
cases automatically, to scale rapidly outward and clouds (private, community, or public) that remain
inward commensurate with demand. To the unique entities but are bound together, offering the
consumer, the capabilities available for 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: laaS, PaaS, SaaS.[3]

1. By using laaS 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 wunderlying 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 i s to use
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.
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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. Al 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 Az
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 T even when
instance fails. Xeround offers a highly available,
self-healing, database, with no downtime. Amazon

p IRDS 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
unacceptabl e.
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 1 integral (Pl), proportional i integral
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 awddgew
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
met hods in programming
i computingo.
using ordinary
computingo.
difference between ways of tuning controller i
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" century during the nervous

That 6s why

con tde,riQ)gld?si(gr},
i Istiff adg itht _ _
e % JgSelng Riofie canil pisigm vy ompprer
affohse igblightd thes i g n & [4].

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 gxample etworks with @0 neunopsdocated in 3
layers can have thousand connections) selecting
right weights and biases allows network to simulate
a wide range of mathematical functions [1].

input hidden output
laver layer laver

Fig. 1. Multi-layer neural network

Atr mi i ngoa kn
t I\ﬁ‘oge‘?n con‘rotllers h%voe 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
ontrglller traindn]g {ing vallﬁagog ?ft

neural networ% contro?a system efficiency the

ded design system is used 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:
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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 frihoice 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.

That 6s wh gnal itotsolve she prablem
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
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:
fiview(Network)o ,
that displays graphically the structure of the
network, dimension of input and output vectors,
delays on connections between layers and inputs;
fgensim(Network)o |, used t o
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 us ed init( (Netivdrkgod) . A
principle that determines the initial values may be
different for each layer (if required, for each neuron
in |l ayer) and depemidFsnoo
layer, or, depends of the matrix of weights
separately for each neuron.). The network training
procedure is similar to the initialization procedure.
The @édapt(Network)0 met hods ar e

to train the network for using samples. The way
and speed of the network parameters optimization
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useful for t he

are defined by the following parameters
flearnParamo ,traimParamo ,adafitParamo ( may
refer to a | ayer oddaptcn®i ngl
firainFcno , learfiFcno defined for t
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.
I f the accuracy required c;
the process of training, it is necessary to change
the number of neurons involved in the network.
Thatds why in the design pr
start with a small number of hidden layers and
neurons and increase their
[5].

There are three types of neural controllers in
the section of blocks of Control Systems: Neural
Net Predictive Controller i a controller with a
prediction of future process reactions to the
random process control actions. Implementation of
this controller requires a large amount of

m acaldulations Belcaaute caicaldtians for toptimization

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
dasedpn tharrefedenca model.gt 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 sighat 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

T h eone for solving automatic control tasks, designing

pattern recognition systems task and some other
problems. In this case awareness of features

fo f t kwennepted r vathm estng Neufal 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

u s ethie tagkoof nawlahcpntrol systems synthesis.
the networ k i n dmpe(Newoik®n,

and the i
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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
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 "l can", "I want" and "it is
necessary' (orfione must 0) . "
and inclinations of the individual (or person), such
as propensity to work with technology or people. "|
Can" is a person's ability to master and implement
specific training
musto) is a kind of
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

parts

activitids Tesitt fios

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].

of it itds necessary

Development of a database for applicants

In order to begin testing of applicants, they
need to enter the initial data (Figure 1).

‘ =
G S e, (D)

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:

A SUN (This test is
of health, activity and mood).
A Luscher color

desi

test

wart Psyehdnaemetsitiscal tes

Test of sociotipy
A Method of Holland
A Test type of

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.
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Graph.1. Method of Holland for young men and
girls
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Graph.2. Method of Holland. 6 type.
Table 1. Method of Holland

Method of Young Girls All
Holland men

Realistic 24% 21% 45%
Research 10% 14% 24%
Social 16% 14% 30%
Convensual 8% 17% 25%
Enterprising 25% 10% 35%
Avrtistic 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.

|l mages ¢Test for spati al
creative thinking € Sheave
graphics 3-4.
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Graph.3. Test for spatial thinking.
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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 Test creative
thinking thinking
Average | Highest | Average | Highest
level level level level
Young o 36 o 48
men 64% % 52% %
. 42 45
0, 0,
Girls 58% % 55% %

The graphics shows that spatial thinking is the
most developed in girls, and test for creative
thinking 7 in young men. Though, graphics are
rather similar.

Conclusion

Thus, we have received the decision of an
actual  problem i visualization  of the
multidimensional data in the field of psychology.
thinkingé and ¢ Test
bReferences ecei ved.
1. ROz Sted3OIsd & O: 1 OL s 2 (
sdddsdzsody d Ht. wlB.: 1dljts
2. [ . R. RO Odz$ d dz0, . 1. 1od
1l jtodBw C tso . utso tej d3j dedz 2
Pdzdeo j emdIsj Is: W dfdzts s i Ed2ts G
Msydsdseduy ¢ d2 oy jCisr
mMemMisswdzdw d tOLoeadlsdw Ekdzdoe j ts
3. 1 jCOtejoady S., MSHRAecess dzO 1
2000 L O 30 i Lolda:ls dv2l.2000
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Kapilevich V.L.
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E-mail: skkapi@gmail.com

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 havenodt
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 sever al

rol es.

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).
Studenteadfisentli nked
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.
Professoamsd ifg olnitnked
profile. We made a decision to include the unique
feature into the systemi 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

s uc c e ed e dthisicourse, fist of thé netessara eosrees 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.
Admi ni st r a-endris dinked rtoo nhe

administratorsd profile.
users is entering data
and professorsd profile

development of the system we are going to add
special roles for these purposes.

Gu e st s €ndfisrueed tonly 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
Ithe @reblem fdts @lsutatiom withoutfdoubts 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
|l earning groups
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 itds
users. The timetable making is the fully
independent t ask and
interruptions in the process. Therefore, this
problem is the ideal one to compute in the cloud
computing services [6]. At the present time the

(cl asses)

clients. Also it solves problems with software
updating and backing-up [8, 9].
a n@bnclusionmost cases arenot
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.

r e s p on sThéihfemafion systemrptesemtea intthis article wi t h

is designed for future implementation in the major

d o eRussian universtiqsy partieularlyaim yhe 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 OG6appbd) is computer s
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

of t wrdyr the pracess @fntesting tdata transmpssian h e

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:

1 query processing time by the server;

9 time required for the application to transmit

generated data;

1 time required for packets to go through the

network.
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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:

1 number of the application processes;

1 CPU load;

1 used memory;

1 POP3/IMAP availability;

i FTP-server monitoring;

1 SSH monitoring;

T DNS;

1 DHCP;

1 LDAP
Therefore, t he
applicationdéd is becoming
from the traditional approach in measuring
parameters. It measures not only parameters
which characterize the network performance but
al so i ndicators t hat
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
guantitative 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 ¢ means a series of A = {(x, €a(X))|x
| X}, where X is the universal set, €x(X) is a
membership function of x to the set ¢ 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"
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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
toquantt fy such terms as
badé that is especially
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 oll
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 11 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.
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The program makes it possible to evaluate the
EOR applicability and
method i applicability co
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 evaluatlon rowde more adequate
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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:

- [ - mounting;

- T-test;

St - startup;

¢ - fixed mode with maintenance of parameters
constant ;

- R regulation of basic parameters;

- E - beginnings of emergency accidents;

- AT response of safety system;

- Sp - stop maintenance after planned or
emergency modes.
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Picture 1 Modesof high-techplant operation.

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 10°%- 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.
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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

Name of parameter Diapason of
changes
1 | Hermeticity of vacuum 10°7 10™°

chamber torr

2 Temperature of waterin | 0-1 0 0 A
cooling channel
3 Discharge of water in (0- 1.4)m'3/h

cooling channel

4 | Temperature of 0-300A
windings, evacuated
vessel and strong
elements of sources
power.
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 | 104-107
of hard X-rays ren/s sm”
10 | The displacement | 0-20 sm
velocity of the plasma
vertical
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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
mo st
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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.

and AXAPTA. Let 6s
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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
userso c oisnpot trequired, 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.
SAPb6s onl vy business i s
business application software to small, medium
sized and large enterprises.

2.0ne 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
riskto 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

i mportant value drivers andc
through value engineering with tools like

OEnterprise Heal t h Checkéo
Manager 6. Based on real I i f

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:

A Reduction of
of products to customers by 90%;

t shirethersuppiyb e r

A I ncreased
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
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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

productivity
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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.
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Fig. 1. The SR configuring process: scheme editor
and configuration of the SR parameters

7 Code = "lloeeeed’
8 Register = References.[[/].GetObjectByCode(Code)
9

18 Uiflox = Work.GetAttachments(False).Values(®).0bjectInfo.ID

11 EDoc=EDocuments.GetObjectByID({Wilox)

12 // Coadaem cnpaBoqnur "PKK™ cpasy - umoGbl AumHue 3anpocel He Bo3HUKGAU,
13 // ecau Hem npaB Ha cnpaBouHuK

14 CnpPKK=CreateReference('PKK';;True;)

15

16 PKKMpeacT=KHUPKKNpeacTaenesue( BHyTpeHHuiA" )

17 CnpPKK.CreateView(PKKMpeacT)

18 CnpPKK.Params.Add("PKK_Peructpauma";PKKNpeact)

19 CnpPKK.Params.Add("PKK_PeructpaumaWflok” ; Wiok)

20 // Koumexcm Hawel opzanusauyuu He ycmavaBauBaemcA npu HaBuzayuu om 3anucu ¢
21 // Komopaa no HOWUM Op2aHUIauyuAaM He desumca

22 TexOpr=HawaOprEa()

23 // AancHelwue Bomucnerus BenoaHswmcs

24 // ecau padee Goina onpedensHa HAWG Op2aHU3AUUA

25 Ecnn TekOpr <<>> ""

26 MpenOpr=TexOpr (TexOpr)

27 // 3anuwem 8 kapmouxy 3f npucBoewHsie pez.Homep dokymeuma u pez.damy
28 CnpPKK.DataSet.AddWhere('1=@")

29 CnpPKK.Dataset.Open

38 // lobabnsem HoByw 3anuce

31 CnpPKK.Dataset.Insert

32 CnpPKK.Tpynnaflen = Code

33 NapameTtpu = Work.WorkFlowParams

34 CnpPKK.HaumexoBawne = [apameTps.ValueByName( 'Haumerosannellpukasa').Value
35 KoxeuEcnu

36 CnpPKK.Save

37 // BoccmaHoBaeHue Ucxo0HO20 COCMOAHUA

38 TexOpr(NpenOpr)

Fig. 2. A code fragment that demonstrates the
registration of a document
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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.
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Today's world is growing too rapidly: prediction
the eventsin the nextyear 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 tothe 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.
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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

physi
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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 itdéds necessary to
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
| arge number of
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"
di scussion and itbés nec
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
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.B ut commicated 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
6intellectual deviceb
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 & 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
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and interfaces for direct connection to
microprocessor control systems. The growth of
integration level in microprocessor technology and

w h i c khangiogtfrana mi@aprocesaars tobnocbcomptrsllers n d

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 i 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

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 touseisdef i ned by internal
(they are also called crosspieces). For example, for
microcontroller ATmegal6 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: Tck
=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=1MHz

Tck = 1/1000000 = 0.000001 sec = 1 mksec.

Command time execut.
(command ANDI is executed in 1 step).

Thus, it is possible to make a conclusion that

on:

converter is about 15-20 kHz. MC choice is correct, and it also meets the
Clock frequency of the internal clock generator requirements specified above.
is usually set by quartz; therefore, it is equal to the Drivers are intended for management of

frequency written on quartz. Sometimes quartz
isn't used. In that case the internal RC generator

powerful transistors with field management on
pressure to 6500V.
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Fig. 1.The scheme of the coordination of automatic control system of the electric motor
Drivers have shown themselves to good keys opening in one shoulder of the bridge
advantage in many areas of the industry thanks to simultaneously.
their simplicity and reliability. We will choose driver CM15MD-12H for electric
Their structure includes the majority of the motor control which structure includes the power
knots necessary for protecting operated transistors scheme of control [2].
in emergencies. Modules of drivers which are also As for sensors which are included in feedback
part of drivers allow to collect almost any control for regulation realization on a deviation we will use
system with the minimum expenditure of time for the current sensor, the sensor of speed and
development and the maximum flexibility in position. The current sensor serves for fixing
algorithms of work. current value during each moment of time. As for
IGBT driver structure includes the logic the current sensor we take sensor ACS712 [3].
scheme. The logic scheme is a circuitry decision This sensor is applied for measuring direct and
aimed at an exception of probability of two power 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 proc
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
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We have a matrix of a binary image |y -

After we create a descriptor array of this image.
This operation can be done one of the three ways:
9 Freeman chain code;
9 Coefficients of Fourier transform;
Freeman chain code
With the help of chain code boundary is
represented as a sequence of numbers,

e s s hgracterizing taesppints; Wayyj the cpniogre s

representation is found of segments of 4-
connected and 8- connected. The points is coding
by number in line with scheme of numeration.

1

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:

fi =% ¥l @
where:
[X,Y.] i coordinates of a point on the

boundary;
k=12..Ki serial number of the
coordinates.

Each pair of coordinates can be represented
as a complex value:

fi =%+ 1042
The expression for the Fourier transform of a
finite sequence given by the equation:

K .
au - a fke— j2mu(k-1)/K 7 (3)
k=1
where:

a,1 coefficient of Fourier transform;

fk T pair of coordinates, which represented as
a complex value;

k=12,...Ki serial number of the
coordinates.

The coefficients @, describe the boundary of

contour and named descriptors of boundary.
The inverse Fourier transform, applied to these

coefficients, can restore boundary of contour f, :

K
f :%é_ a(u)e’?M DI g
u=1

If for inverse Fourier transform we use not all
K coefficients, but only part of them i R, then the
result of recovery will be:
2 _ 1.8 i2m(k-1)/K
f —Ea a(uye . (5)

u=1

(%]
So, the result f(k) will be approximately

described the original sequence f(K). The

accuracy of this approximation will depend on the
number of Fourier coefficients used. In followed
figure we can see it.

EJIb) ICJI

Fig. 3. 0©) original
transform for 100% of coefficients; c) inverse
Fourier transform for 10% of coefficients

| have been chosen second method i
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. | was allocated
2 etalons of cars and 3 etalons of people. At this
stage | have examined two ways of comparing
arrays of descriptors:

The correlation coefficient;

Euclidean distance.

Vectors which compared is gl and 2. The

correlation coefficient betwegn two vectors is:
a (d - (a2, - 92

) \/a (ol - O1)2E (02 - 9D)?

Euclidean distance:

d= |& (a,- 92,)* - ()
Etalons

Allocated etalons of people and cars situated

on next figure.
a). b)m C m

d)@ e) B

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. | imported 653 images of
contours. Correct results of classification are in the
table.

koeff, .,

Table 1. Results of classification descriptor arrays

Method Number of correct
classified images, %

The correlation 78

coefficient

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

i ma gspecial bdoksi R W& bddks With Lar theBrétical

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 | plan to realize the algorithm in C++
Visual. Also | plan describe the etalons of contours
more accurately and expand a classification
(trucks, pl ains,
necessary to solve a problem of allocation a
contour of moving object from video.

beast s,
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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.
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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! 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.

The quantization The entropy coding|
of transfrom |:> of quantized
c

coefficients

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'. Here X i
the matrix of input values, Y i the matrix of output
values (set of output coefficients), P 7 the matrix of
transformations, k i a scalar scalable factor. Now,
l et 6s
the Z matrix as Z = PX'. Then matrix Y' will
transform to Y' = kZP" and matrix Y will transform
to Y = kPZ'. 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.

consi dr& ' =tkRXP".mbafing i x



Section VII: Informatics and Control in Engineering Systems

Discrete orthogonal transformation based on
Walsh function

Discrete-Cosine Transformation is not the only
orthogonal transformation which we can apply in
i mage compression algor
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
Wal sh function with arr
we can create the transformation matrix P by using

recursive method of creation block matrix based on

(& (&

formula: C o o . 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:

PP P P P PP P,
P PP PP PP
o PP P P PP P,
o p P P P P P P
o p p P P P p P
o p p p p p p pY

b p p p p p p pY

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

zerobs in derivative
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m T M M P P T TN
Im m m MW p p M TN
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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 818 we need
met hod

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

O ¥ " w " w o w o w o w n

case of eight dots (pixels),

PP P pToToM oM,
¢ p p ¢mM M M T,
P P p p T M M T,
5 WP ¢ ¢ p T M WM Wy
e m mT T M P P P Pn
m nm m Mg p P GCh
m nm n mp p p p"
tm m m T p ¢ G pV
p TN P M T T,
Irn pnnm p m w.
T M P M M M p T
M T T MM T Pa
p M T T P T T TN
Im p M T T p T TN
mMnpmnm nm nm p mn
mnmnp n n n pY

Multiplication by matrix C requires calculating
24 addition operations and 4 bitwise shift
operations. For converting the full square matrix
with resolution 818 we
384 addition operations
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.
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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,
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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:

kernel messages;

user-level messages;

mail system;

system daemons;
security/authorization messages;
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 (locall);

19. local use 2 (local2);

20. local use 3 (local3);

21. local use 4 (locald);

22. local use 5 (local5);

23. local use 6 (local6);

24. local use 7 (local7).

ogkrwpnE

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:

Emergency: system is unusable;

Alert: action must be  taken
immediately;

Critical: critical conditions;

Error: error conditions;

Warning: warning conditions;

Notice: normal but significant condition;
Informational: informational messages;

Debug: debug-level messages.

N
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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:
Display message on screen;

Log to file;

Forward to another host;

Play a sound;

Run external program;

E-mail message;

Send Syslog message;

Log to ODBC database;

Log to NT Event log;

Send pager or SMS message;

Send instant message;

Send SNMP Trap;

Run Script;

Stop processing message (it causes server
to stop processing the current message any
further).

Too Too Joo Too Jo Joo Joo To Too Too Too Too To Do

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

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 Usually, the checksum is sent to (read) in the end

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.
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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].

Extended byte
1.0 Ig

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).

JoxFF 10010

Fig. 2. Schematic representation of direct table
algorithm

This algorithm uses 4-byte register, in which the
checksum wil/ be

recorded.

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.
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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.
Let6s consider t he
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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 6929ACDO, and for
reverse table algorithm - 261DAEES5. 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-
l etters wit hout
consisting of these letters should be regarded as
independent symbols. Then mentioned text
sequences are composed of such symbols
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cspacee,

separated by
aggregating of symbols tends to infinity. That is
why an alphabet which unites all mentioned ASCII-
|l etters and ¢spaceé sho
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).
w lrurthee, wes tshouldh gstermihec thawi many
sampl es
tot al First of all
sequence we can extract (n i k + 1) substrings

cspacese.

withnckaelseagubnce
| et 0s
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with c¢keé |l ength. Common
can be calculated by making a sum. The following
formula is used:

n n 2
a (n- k+1)=é k=(n+1)n=(n +n)
k=1 k=1 2 2

Thus, evaluation of common substrings quantity
is O(n?)[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" subsequences, including
empty string 3

Further, it is necessary to determine the
meaning of repeated subsequences. Repeated

n datebtedr In tleeflast sasebwe tshrouldhreten to the

beginning of comparison (t;) and move by one
letter through the text (now it is t,) and try again the
attempt. For instance: if we search for the pattern
ccocosé in text

cocoftefcocos
cocos

1

coC

cO
cocos

Figure 1 - Searching by pattern

Four characters from the beginning match but

ccocoé&tcé&co

examples of sample must be totally different. In fifth doesn6t. We cannot co
this case, only not intersected repeated samples with ¢é&e, becauseymhdlrd (aqd
should be considered. For instance: AB of the text match with a beginning of the pattern
subsequence candt Dbe repeajnd danl B B 9ds eoRdinfing Adh Baccurate
because its elements ar enomatching linethissS @detiteid nedBdnAtH EHeck
they consist of the same symbol B. _ every beginning as example shows. This algorithm

Finally, knowing that the quantity of requires execution of not less than n-m+1
subsequences in sequence is O(2"), it is possible comparisons and works slowly. However, it is very
to observe that the num_ber of not mtersecte_d easy to program and it allows us to search using
repeated subsequences in the worst case is pattern of any length.
exponential Let 6s con'si der goyell Mooré irthg defirch Agofithm 2
length that is x° string, where X consist of n There are several modifications of this
different letters. (For finite alphabets n value is algorithm. Comparison is not carried out between
limited by alphabet power). x" sequence wil the first symbol of the pattern and the first symbol
contain 2" - 1 repeated subsequences without 3. of the text but between last character of the pattern
However, there is only one max repeated and the m symbol of the text (in example it is fifth).
subsequence, in particular x. For instance: we First of all/l it is necess
have x* = ABCABC for x = ABC. Not intersected c&e:; this letters are misma
repeated subsequences are A, B, C, AB, AC, BC moved. The key point is that the symbol of the text
and ABC, and every of this is subsequence of the where mismatching is detected will be defined (in
max repeated subsequence ABC. t hat case it is ¢c&eé) and t

Letds introduce the restryyned it 3symbo§ is Swill N C Gefefnfddy t O
find the only max of not intersected repeated Depending on that it is necessary to make a
subsequence. decision about size of the shift. In our example the

So, | et 6 morentigdtoais famulation of l etter cC &eé i snot contained
the problem. Firstly, it is necessary to introduce a means that pattern might be shifted by (m)
suitable designation: Symbols to the r|ght

1. x string with [x| = m length is written as The next comparison will be between the last
XXz Xm,  Whe& ei £xthe ¢ie symbo fetteOdf th€ pafern and tenth symbol of the text
o2 xxm€xsubstring of c¢xe sthfersHifi by WBBdsi€i dnd) ] Tenth syn
O m, | bevdehoted as x(i, j). In case of i > j, and the pattern contains it in second and fourth
reverted substring is denoted as xR(i, j). positions. We should shift the pattern by one

3. Often (x) will denote required sample and position because ¢ié& in the

(y) mean text string; |x| = m, |y| = m and, definitely,
m O n.

The problem is defined. and search algorithms
will be considered further.

Simple algorithm of accurate search

Letd6s denote a
and search pattern as P = p;p,ps...pm, Where n >>
m. The main problem is searching all the entrees
of PinT.

Simple solution consists of subsequent

comparison beginning with t; and p; symbols of T
and P until matching or mismatching will be

with fourth symbol of the pattern.
Letdéds go to
( céo . it is contained i
third positions; we should shift the pattern by two
symbols which is calculated as the size of the

c o0 nisti..the r e dparferR Yvith sBbfractibn of  dumber of the last

position of the letter in a text contained in pattern.

This |l eads to the
this time we have
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
guantity of mismatching is significantly more and,
in turn, that leads to big shifts. In considered
example when we use Boyeri Moore 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 is n 6 t
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.

Letds assume that it i
entrees of P in T, but entrees of all the possible
prefixes of pattern P in T:

P(l):pl!

P(3)=p1p2ps€ P ( M ):ipzpRe€ pm

In our example we will consider every entry of
five patterns: ¢ c e, ccoe,
gcocose. Letds make
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 Kk 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:

P(2)=p1p2,

wi desprea

gcoce,
t he

clo|jc|o|&|s|c|&|c|o|lc|Oo]|S

cl|l1/0|1|0|O0O|O|1]|0|12|0|1|0]|O0O

ojloO|1|j0]j12]JO0]|O0O|l0OjO]0O]2]0O|1]|0

c|]o0O|O0O|1]0]O|O|Oj]O]|]0O]|O]2|0]|O

ojl]0O|O|jO]J12]O0O]|O|OjO]O|JO]O|1]|0

s|0|j0O|O0O|O|O|O|O]|O|O|O|O|O |1
Table 17 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
0).

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
dolumnlL To cheeksthe implementation of the first
condition fast characteristic vectors of m length are
prepared.

Characteristic vector
has units only in second and fourth positions (in
positions where this symbol is placed) and zeros in
ethers <asesr-y01a1@ Charaotetistio wector ofor
l ett erl 0cld0e, f or- 00081 soefor
others symbols of the alphabet the characteristic
vectors 1 00000.

The check of the first condition is carried out by
comparison of first column shifted down (first
cglumo c10080 becomes after shift *1000) and

t acthlag awhiechstied | ee ¢ so0rf ofr

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 vect
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 c¢charde a
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

n d

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
figsiredf Every figuRe ustnumiben of $tatian, orbtbetmh
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.

Let 6s | o stépinanore detit h
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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
doesnodt have ot her
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.

Ty —_

® © Iiggm [: m

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

L P B 4 12 P3 P4 123 [24 P34

L K L L L

P (A S S L L
B L L L
1 L L L
12 L 1 L L 1 L L
3 L 01 I x 1 1 L L
P4 L I L kK 1 L L
123 1L L 1 (A ! L L
124 L 1 I L B 1 K L
P34 1 (A S T L

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

matri xes. I f both arrays 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 i f both arrays have int
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

C 0 n n estations, 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.

1. 1 sctejBdes2f fdejHjdzj dedj ydfm
stsf sdztse d d ttOL d3d M § ded W
Bdetse s tetsyj Mfntstsdats 2 or ydmadzdls j
/I RLO MW s sl se s 1 ¢
Zdzd o j tefmd s j-ls @9, -2 0D 6. 160-164

] sSGte] B dzts2 . 1., 1 sgtejB
ltetsj S bdetso Odedjy MbtekzSIskzter dzts
teOMmt toj Hj dzj dadaets 2 or ydmdzdlsj dz’
o Odzt dztsG 5 9 te d3 ded [/ RLO® ]
fsdzdlsjrdedyi ME seslskdzda 1l Mmdlsg
c. 97-101
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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. 1 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 i 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.
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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:

i 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.

1 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.

i 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].

VGI has the potential to be a significant source
of geographerséo
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
| ocations that go unnot
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 wused 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 3A 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 profiing 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.
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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 g of the wave
propagation in this medium from every EP is the
same then the connection between RC
coordinates (x;, Y, z;), EP coordinates (x;, y;, z) and
arrival time t; can be determined by a system of
nonlinear equations (1). Each equation describes
sphere with radius tg and focus (x;, Y. z). The
solution of the system is the point located at the
intersection of four spheres.

;e-(xl' Xr)2 +(y1' Yr)2 +(Zl' Zr)2 :t12u2,
I(XZ - Xr)2 +(y2 h yr)2 +(22 - Zr)2 =t22U2' (1)
1(X3' Xr)2+(y3' yr)2+(z3' Zr)2 :ts?uz,
%(X4 - Xr)2 +(y4 - yr)2 +(24 - Zr)2 :tfuz-

The system consists of four equations with four
unknown parameters. To solve the system we

transform the equation 1 6 3 linear equations for
the unknown by subtracting equation 4 from it.
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- 20% - X)X - 2Y1- Ya)Yr - Az - 24)7 =
(tF- )2 - O - X +Yi - Vi + % - 73),
- 2% - X)X - 2Yo- Ya)Yr - AZp - 24)7 =
1t - )2 - (G- G +y3- yi+z-2), (2
- 2% X)X - 2AY3- Ya)Yr - AZ- 24)7,
(t5 - thu? - (OG- XG+y3- Vi +25 - 23),

(Xa= %)%+ (Ya- ¥0)? +(2- 2)% =3’
We simplified the system introducing new
variables:

Ki=-0¢- G +y-ya+7z - 23), t=t2- 17,

X =-206- %), Vi=-2%-Ys, z=-2%-2z),
i=13.
To solve the system (2) Gaussian elimination

was used. The value of the RC coordinate after
second reduces:

X =L +U°Py, y, = L, +u?P,, Z, =L, +U°P,, (3)
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Then we substitute the obtained values in the
last equation and make the change of variables:
(K- 'R)* €K, 4R)* (K, ®)° 7%
where
KX=X4- LX' Ky:y4' Ly, KZ=Z4- LZ'

In this way we make biquadratic equation. Its
solution is the following

where
t2
a=PZ+P7+P?, b=-2(K,P+K P, +K,P, +§) ,

c=KZ+KZ+K?Z.

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:

_ _ 4 _% _ n,»
=10n, X,=--1, =1y =1600+(—-)",
2 VI Tt U, 71600+ (D)

n=0,200.

Table 1. Input data
Wellbores 1 2 3 4
Coordinate x, m | -1000 | O 0 1000
Coordinatey, m | 0 -1000 | 1000 | O
Coordinate z, m | O -4 0 0
Timet, s 1.445 | 1.429 | 1.445 | 1.431
Velocity g , m| 2200

0
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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.).

start-up fuel
A gas A gas input  output

X

the air X

—> LPC HPT PT -
|
Jijanaly ;
s B
HPC LPT sc

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 i supercharger

PSi pressure sensor

TP T 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
WiIinCC - 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.

WiInCC 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 WIinCC 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.

Environmental
Monitoring System

X Control Physical line
RS-232 panel
. Automatic control
Engine CU RS-422
RS-232 system CS RS-232
RS-485
cu R CcDO

| —
Controller_! | Controller Controller

T T I [ 4 |
!
Pressure || |Temperature| | Shut-off Control Temperature Discrete
sensor probe valve valve probe sSensors
Speed Pressure Actuating

Level
gauge

Fig. B. The system of automation

sSensors sensor mechanism

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 WIinCC. 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.

List of references
1. 1tesHtseadEC BB w. ., [ OCOtets
. ¢., yjtedzedC 5o . . JHrls
My der = ftesdgr "dzj dede" = B j € s
COLBSCtBf te] MMtstedz” A MlsOdzyd 2
sjrdsdzsedd OolstsdzOlsd1-68pdd, 1

2. ¢d¢tedfmlstso . 1., mezrddz t. ¢

ttOB ST {f dipofstaetgj Glglts 6 ts ks e d .
C ts dzls to s RMMATEIS7-313C:  3j IstsH. EC OL
¢ zOB . tcOB sls j fs Cktemkz ¢¢
OolssdzOIsdSde [/ HBl]iehd rIisH.
eds O, 2@3p3.

Siemens Simatic HMI. WIinCC V6. Manual.
Main documentation //A&D PT1 1 19 p.

136



Section VII: Informatics and Control in Engineering Systems

RONMENTG6S STRATAL MODEL FORMATI

AND BOREHOLE SEISMICS
Podaneva D.S.
Scientific adviser: Stepanov D.J., Candidate of engineering sciences, Associate Professor
Language adviser: Kuznetsova I.N., senior teacher
National Research Tomsk Polytechnic University, Russian Federation, 634050, Tomsk, Lenin Avenue, 30

ENVI

ON US

E-mail: saruwatari@mail.ru

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 wavesd propagat
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
environmentds vel ocity
stratigraphic binding of the reflected waves and
near-well space exploration. This paper
concentrates on envi
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 h and the corresponding

ronme

normal wave arrival time t i=1...N, where N is

the amount of the receiving points, that are used to
plot the travel-time curve i 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.
i an AI oe(ltgm deéCﬁlp/tIPr}

We WI|| use piecewise-linear apprOX|mat|onnof
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. Seti=1, j=N,

2. Find the value of the general line equation
coefficients A, B and C, Ax+By+C =0, that

passes through two points (tl, I)and (t j):

3. Find the distance from each of the
intl, 8,)s- 1 travelitiraet carve poipistd i line on
- (AO1| +C)
the time axis: rn=———-:".
B

4. |If the largest of those distances does not
exceed the specified bound U discard the points
i +1,..,j - 1. Otherwise, repeat steps 2-4 for i =1,
j=sandfori=s, j=N, 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 i (t;;h), i =1,...M
, Where M is the amount of those points, will define
the formation boundaries. Layer velocities can now

be calculated using the following formula:
hi-hy o :

Vi =——"=, where i is the index of the layer.
G- tig

Formation boundaries reflection factors are

calculated by using the formula:
V.l :.-V.r.

kau, j is the index of the

Viuflju tVr
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 k(h) from the set k; is not difficult. However,

we will need not k(h) for the convolution

operation, but a reflection factor trace in a time
scale. If we use the velocity function for the
discrete  transformation k(h)- k(), those

substantial reflection factor values, that will not get

between discretization nodes, will be lost.
Thatds why a new rul e

k(h) - k(t) 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:

w(k) = g u(ivik- j),
j

where u(j) =Kk(t j) is the reflection factor trace and

Vv(t) is the impulse.

As an impulse we can use autocorrelation
function of the CDP (common depth point) data,
anal ytical i mpul se
impulse form, obtained from the VSP data. The

Berl agebs impulse has the

F(t) =a@"e * sinRo &, @),

where a is the signal amplitudei n ar bi trary

is the damping constant and fO 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 U 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
Berl agebs i mpul se was p

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

S h [0} Synthetic and real seismogram

(Pusir

function on the borehole #15 of the Severo-
Ostaninskaya area (the correlation coefficient is
68.57%).

x10® Reflection factor
T
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Fig. 4. Reflection factor and real and synthetic
seismogram graph of the Kontorovichskoe deposit
occurrence
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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 s
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
t he JSscC iAcademician
Al nformation Satellite
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.

SmarTeam

R

APl Interface

té

Smart
Baisic
Script

Fig. 3. The mechanism for handling scri
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This technology copes excellently with standard
tasks which are observed in practice of the
companiesd majority.
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;

2.0ne of the authorso
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 a
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.

’-

.,,4:;1 * SmarTeam
t 4
t

WinAPLdll

H
&

o Smart
L Baglc
Script

Fig. 2. The mechanism ddmarTeard s AP |

bypass

Thi

In Figure 2 a mechanism of bypassing
Smar Teambs API interfac
RidMtshycsd eanf @irroga talmmi nd vy
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

t a sWriten iw adgance io thedanguage €# inecomputer

ny

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
Smar Teamb6s programming
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
Werfack® avemiting becayse it provides theoatcess
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.l., Pogrebnoi V.Y.
Primenenie CALS-tehnologii dlya avtomatizacii
proektirovaniya i ispytanii unificirovannyh
elektronnyh modulei // Heads of report 2 konf.
studentov Elitnogo tehnicheskogo obrazovaniya.
0 Tomsk, 1976. 6 P. 98i 100.

2. Gudkov D. Informacionnaya podderjka iz-
deliya na vseh etapah jiznennogo cikla [Electronic
resource]. T Access mode:
http://www.espotec.ru/art_info.htm, free.

e an
Wi n

wer e

140



Section VII: Informatics and Control in Engineering Systems

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
whi ch itods necessary
equi pment . It ds
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:

A Continuous moni
parameters of the EPS and the development of
control actions in the case of emergencies.

A The performance of
the SAE technical means, including self-test
problems. To transfer the installation in a safety
condition including the faults in the SAE devices.

A The maintaining of
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

especially

tor.i

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
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of control parameters of a tokamak shall be
e g fefeningd, ity reguiggion;valugs shoyig be geyand
the procedure for comparing the currént value of
the controlled parameter with the value of
regulatory material should be designed, which may
t h ebe of ifferens copplexity apd,shayl 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. comparison of controlled parameters to their
5. The emergence of disruptive instability. setpoints.

6. Development of small disruption of the Al s o i tbig 40 npt® tha nowadays the
plasma. model is mainly aimed at stopping the system in
7. Exceeding the limits of mechanical stress. case of emergency. With the further development

These events are characterized by a number of we plan to expand its functions for maintaining the
technological and plasma-physical parameters by efficiency that is the production of certain
which they can be identified. regulatory actions based on an assessment of

The model of tokamak KTM emergency system stability.
protection system. To save money and get a visual As for the structure, the model is divided into
overview of the SDR at different modes of the four blocks. Each block controls the three
tokamak, there is a work of a computer model parameters; each parameter is continuously
construction which is close to the reality. The compared with the control value. These values are
model must perform all the functions of the GPA getting to the truth table, based on which the
described above and clearly fulfill the assigned system determines the type of emergency situation
tasks. The model is designed in MATLAB in and decide to stop all system. During the process
Simulink  package. There are the following all the data are displayed on the screen of the
designing stages: operator.

A Collecti on Avpthis stagef the mat i ofm. run the model , itos
information about the unit itself, and the measured controlled parameters, the reference values of
and monitored parameters was collected. Also the these parameters and pAl
information about possible accidents and their the changes occurring in the model operation and
consequences was collected. a decision taken by the program displayed on the

Dat a p rTbec datw sobtaingd in the screen of operator.
preceding paragraph have different dimensions, The main difficulty in modeling is the lack of
types and values of both negative and positive in information about events in the tokamak chamber
the areas that provided a number of problems in processes and that is why the input data have only
the implementation of the model. approximate values. For full compliance functions

A Creating a  c-otmepstageeat moal thd model to the functions of EPS a number of
which all the collected and processed data that we modifications are required, such as the different-
are in and sold directly to the computer model level simultaneous control of extreme parameter
through a series of algorithms. values, the logging, self-test-launch, the

A Ratipu bf the model. At this stage, the mathematical modeling of the input parameters
refinement of the elimination of errors of that will be performed during the regulation.
inaccuracies and errors in the algorithm model, the Also we are planning to create a control actions
diagnostic of various modes of operation is carried block generation that will detect and prevent an
out. emergency before it occurs. In addition to these

improvements there is a need of the SDR interface

Figure 2: Detail of EPS model. with other systems, such as plasma control

system, subsystems, control flow diagrams, and
B — others.
e w o . 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.

vy
Car

Compate  stop Simulation2
To Constant14
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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.

Remote user

R Switch

/

-

Server Access point Remote device
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 i for echo requests and O i
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 i
WMI repository i 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.

Log

Windows Driver
Model
=

Installer
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 1 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.

request get ( protocol UDP)

SNMP
manager »|port 161
response get
< managed object

request get-next
» port 161
response get
request set
5 »| port 161

response get

o<
i

<
Tra|
port 162 |4 B

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 i 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 vl 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 i 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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1Introduction

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].

2Regression 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.

—> —>

| @lp

Picture 17 Tokamak as a MIMO object

Equation (1) shows the relation between input
and output parameters.

Vil [Ar Az o Al (K| B
Y2:A21 Agz Pom|, | X2 | o2

Yn Anl Anz Anm ><m thn

Here we will discuss only static mode of
tokamak model (static model) when A;;é A, are
numbers. So, the main objective of this work is to
find parameters A;1€ 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 Icg and
poloidal flux coil currents lpg1€ lprs 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,

lpr1€ lprs.
Formally,

X ={lcs: Ipr1 I pr2: I pras L peas Lpes: L prel - (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.

J=750000 A
R =905 mm
Z=283 mm
a=98mm

b =200 mm
d=20"%
t=0.9250s

Picture 27 Divertor magnetic configuration at
t=0,925s KTM Base Scenario

In this case five control points g:&é gshould be
used as a set of controlled parameters. First two
parameters g; and g, describe the intersection
point of contour and vacuum vessel limiter. Next
three parameters g, g> and gs describe minor
radius, maximum radius and the upper edge of
plasma.

So, we get,

Xdivertor :{gl’ ng gSv 941 95} . (3)

Another magnetic configuration (picture 3)
include closed magnetic surface which contact with
the limiter at only one point. Parameter g,
describes coordinates of this contact point.
Parameters g, and gs; 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 Z.

Picture 31 Limiter magnetic configuration at
t=4,852s KTM Base Scenario

Thus, we obtain,
XIimiter ={91- 92! gS' k' ZC} . (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 A; a full factorial design with seven
factors was organized. An application designed in
MS Visual C++ 2005 automates the data
processing arranged i n
shows an arrangement of the experimental data.

Table 1 7 Experiment data arranged in ¢ Yat es

order e
Exp X FactO,rS ReSpijse
Xp | X2 |€ [ Xm [ Y1 |Y2]€ | V¥n
1 |+1]+1|+1]€ |+1 |y |Yi2| € |VYin
2 |+ i1 |+1|é [+1 |y |VYn|€ |V
3 |+1 | +1 i1 €é |+1 |ys1 |Yao| € |VYan
4 |41 |01 ]T1]€ |+1 Va1 |VYar|€ |Yan
é € |é |é |é |[é |é |é |é |é
N=2"| +1 i1 [i1]é |il|yna|Yn2|l € |Yan

Elements A; can be evaluated using the
following formula:

N
A =8 vy Gl L ST L, @)
u=1

where,

X I coded factors value:

X - XOI

[ ui

' DX

ui

®)

Variation DX was chosen to be 0,5 kA for each
factor. Initial levels X, depend on the type of

magnetic configuration.
4 Model validation

Model adequacy was checked using the term of
adequacy dispersion:
2 _ 1 o Ly
spar_mai.(yi'y‘) ' (6)
where
y; 1 observed value;

Y 1 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 27 Model adequacy checking results

Magnetic configuration type
Parameter Divertor Limiter
configuration | configuration
g1 0,52 sm 1,9 sm
Ug2 0,27 sm 20,65 sm
gz 2,7 sm 9,8 sm
Uga 5,7 sm T
Ugs 1,3sm T
Oy T 0,05 r.u.
Uz T 4,1 sm

5Conclusion 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

¢ Y &Qnigokeurrgnis fpyels  anotherg h | e 1

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 wusing 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 fElectronic document and the concept
of o0 n eby¥.tBalg. dhis 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 a The Intcotuetiorfiof a Unified Automated
System of D o ¢ u memthedMoscow 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.

Strengths Weaknesses
€ | - simple and user- - desirability of
Tg g friendly interface using the
5 5 | - high speed of Internet
-3 processing the - necessity of
S operations regular
- detailed database database
of documents updating
= Opportunities Threats
[} - lack of real - possibility of
g competitors the occurrence
= - great social of competitive
% significance products
= - possibility of - complexity of
c getting government cooperation
g grant for with
uw developing and government
promotion 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;
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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 filing 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:

22%

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
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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 Vvisualization
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.qg.
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™).
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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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