Cekums 6 «MeTo00rMYeCKMe aCMeKTbI BUPTYanbHOTO 06pa30BaHus»

The Concept of Simulation Results Display in the Research
Activities And Distance Education

Maksimov I.S., Churyumov G.l., Frolova T.I., Smol’yanov V.V.
Kharkov National University of Radio Electronics,
Kharkov, Ukraine
E-mail: maksimov@kture.kharkov.ua

Abstract

MatemaT/Heckoe MOLENMPOBAHNE CNOXHBIX (HEMMHENHBIX) (U3NYECKUX SBNEHUIA TpebyeT
NPUMEHEHNA CneLlmaibHOro nporpaMmmMHoro obecrieyeHus. JJ,aHHoe nporpaMmmHoe obecreyeHve
NpeacTaBnseT CcobO Tak HasblBaeMble BMPTyanbHble nabopatopum (BJ1),  KoTopble
MPUMEHAKTCA AN PEeLUeHMA KaK Hay4HO-WUCCNeAoBaTENbCKMX 3afad, Tak WU And uene17|
006pasoBaHKs, B TOM YWC/IE ACTaHLMOHHOr0. B fgaHHO paboTe paccMaTpyBaeTCs KOHLENUms
cosgaHua BT gna m3ydeHns paboumx XxapakTepucTuK NpubopoB €O CKpeLleHHbIMK Monsamm
(marHeTpoHoB) OBCy»aaeTcs MCronb3oBaHWe NOAo6HOM BJ1 B TECHOW WHTErpauum ¢
COBPEMEHHbIMUN Internet-TexHonornamm ANA peleHnsa 3anad AMCTaHUMOHHOI o 06paSOBaHVIH

Introduction

The considerable progress in the area of software for solution of the different research
and education problems has radically modified a technology of computer modelling.
The VL has been a result of these modifications. It has allowed joining the different
software with the aim of making the replacement of the physical experiment by
computer modelling as much as possible. As result we have the virtual experiment
with the equipment that are not existed in fact and so the experiment is only realized in
our image.

The application of VL for the investigation in electronics have greatly
facilitated the understanding by users the complex physical phenomena of the
electron- wave interaction that takes place both in vacuum and solid-state electron
devices (ED’s). In this case the VL can be presented as a electron device virtual
laboratory (EDVL) in order to analyze their operating characteristics. The main
advantages of EDVL are to simplify the work of users and to minimize a time of their
work. At once a smaller cost and an universality make the application of VL steadily
growing in comparison with a realistic physical experiment [1].

On the other hand, the positive moment of practical application of EDVL is a
direct display of the electron - wave process that takes place in the space interaction of
ED’s. It connected with the electromagnetic field or space-charge field distributions as
well as with space-charge effect because the study of their characteristics using the
physical experiment is impossible. The use of EDVL allows carrying out the
investigation of the operating characteristics of ED’s comparing their behavior with
quantitative and qualitative changes of the electromagnetic field, space-charge field
and space-charge electron beam in the space interaction of ED’s [2]. In this case there
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is a possibility to explain some features of ED’s operation and to understand the
mechanism of the electron - wave interaction in such tubes. An additional point to
emphasize is that VL technology can be used for aims of distance education. There are
a lot of advantages that will allow to simplify the educational process if we apply this
approach. As a result we can extend a number of teaching users using Internet
technology.

In the last few years there was created the following VL:

VL for the analysis of electric circuits and their operating characteristics [3];

» .VL for the design of complex microwave and millimeter-wave circuits [4];
VL for the simulation (computer modelling) of ED’s;

As example of first-type VL can be called program Electronics Work Bench
[3]. Tfiis VL for simulation are widely represented by programs Quick Field, XFDTD,
FEMLAB, FlexPDE and other, which are described in [5]. These programs have been
applied for research activities and learning of complex physical phenomena (so-called
Student Edition versions, which are usually free).

In this paper the concept of simulation results display in the research
activities and distance education is discussed. As an example of a creation of the VL
we have developed the code for simulation of the electron - wave interaction in the
crossed - field devices (magnetrons) [2]. This code in combination with the user
interface (or graphical interface) can be considered as EDVL that is an effective
simulation tool of complex electron-wave processes.

The structure of EDVL

The EDVL has following essential parts including
mathematical kernel (usually it is a code for computer modelling of physical
phenomena);
graphical interface that is embodied in the form of real ED and
instrumentation including the oscillographs, spectrum analyzers, power
meters, etc.;
» display modules (2D and 3D graphics, diagram, animation, etc.);

Mathematical kernel

The mathematical kernel of any VL contains all procedures that are used to carry out
the full cycle of calculation. The programs like, for example, QuickField and XFDTD
are based on the Finite-Difference Time-Domain method and Finite Elements method.
These VL’s are multi-purpose tools, which can be applied for solution of the
electrodynamics and electromagnetic problems. To simulate the processes of the
electron - wave interaction in the magnetrons the user CAD system has been created.
The system allows simulating the operating characteristics of the magnetron
oscillators.

The block diagram for study of operating characteristics of the magnetrons is
shown in Figure 1. This block diagram is the base for creation of EDVL. With this
EDVL we can to carry out both the research investigation of physical processes in the
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magnetrons and to solve educational problems that are included term papers,
laboratory researches, etc.

Current meter Voltage meter Frequency meter Spectrum analyzer

Engulfing load

£ 1
-HW-
Magnetron oscillator

Microwave load with variable

Diredional coupler
standing-wave ratio and phase

Oscillograph Power meter Measuring line

Figure 1

Graphical interface

Describable EDVL that incarnates the concept of simulation results display for
research activities and distance education has been developed on Visual C++ 6.0
programming language. The graphical interface allows considering the output
characteristics of magnetrons (for example, anode current, anode voltage, etc.) using
the display of the “virtual instrumentations” (see Figure 2).

Figure 2
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Figure 3

Figure 3 shows the window of EDVL for measurement of the operating
characteristics (anode current, voltages, and ect.) in accordance with the block
diagram (Figure 1).

Display

One of the main advantages of any F.DVL is automatic display of obtained results in
desired graphics format: graphics (2D and 3D), tables, and animation. The most
appropriate technology to incarnate these features is OpenGL. Using OpenGL can
create the effective graphical applications in rotatable surfaces form and hence it will
allow to realize a work with palette and lighting. The EDVL certainly has all
possibilities OpenGL visualizer. An example of the simulation results display is
presented in Figure 4. User can rotate this surface, changing palette and dimensions.

Internet - based virtual laboratory

At present because of general application of Internet a lot of scientific laboratories and
universities organize different websites to clearly demonstrate all possibilities of new
products for simulation or to provide distance education for students.
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Figure 4

The dominant requirement for these FDVL’s is their co-ordination with state-
of-the-art Internet technology to better communicate with many users. Most of these
users have no high-speed modems or dedicated lines. This is the reason that modifies
the display conception and in many respects leads to various tricks in the
programming.

The main problem of Internet-based EDVL’s is their graphical part. There
are a lot of ways to solve it. The main problem is to choose a scripting language. For
this purpose the Web development is especially suited. It can be embedded into
HTML - PHPT (Personal Home Page Tools) [4]. This thesis can be disputed hut it
will be already exceed the limits of this paper.

Conclusion

The conception of the simulation results display has been described. The realization of
the conception by the example of EDVL for the study of operating characteristics of
magnetron oscillator have also been considered. The EDVL’s can be applied both for
scientific activity and distance education including the carrying out of term papers,
laboratory researches, etc..

In our laboratory we carry out the investigation connected with further
development of EDVL to finally put out the first official version. Now we are
developing the Internet-based version and hope in the near future to use its in practice
for teaching of the students.
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ANS ANCTAHUNOHHOMO 06yyeHUs
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Abstract
The software programs are developed for remote education. In the given work are considering
the problems of creation of a universal, convenient software for creation of educational
materials and software programs, realizing education and testing the knowledge.

B o6nactm o6pa3oBaHus 0OfHOM M3 Hambonee 3heKTUBHbIX WHPOPMAaLUOHHbIX
TEXHO/Or A ABNAETCA AUCTAHLMOHHOE 06YyYeHwe.

OncTaHUMOHHbIE MeTOAbl  06Y4YeHMs,, OCHOBaHHbIE Ha COBPEMEHHbIX
KOMMbIOTEPHbIX TEXHOOTUAX, He MMelT cebe paBHbIX MO CTEMeHW MOBUNBLHOCTM,
0XBaTy MpeAMeTHbIX 061acTeli 3HaHWUIA, KOHTUHIEHTY 00y4YaeMbIX W AaNbHOLEACTBUIO.
[unctaHunoHHoe o06yyeHne npefocTaBnseT 60MblUMe BO3MOXHOCTM AOCTyna K
uHhopMauuy  yaaneHHbIM  aboHeHTam.  CTpaTernuyeckas  LUefb  Pas3BUTWS
LUCTaHLUMOHHOI0 06y4YeHNs B MUpe - CAenaTb JOCTYMHbIM A8 KaXA0ro 06yvaemoro
B N060M MecTe niaHeTbl M3yyeHWe y4yebHOro Mmartepuana n060ro yupexgeHus,
3aHMMaMOLLErocs JaHHON NPo6eMOiA.

OCHOBOV  KOMMbIOTEPU3aALMM  AUCTAHLUMOHHOTO  06y4yeHus  ABAAKOTCA
KOMMblOTepHble obyvatoline nporpamMmbl. OCHOBHOE Ha3HayeHWe KOMMbIOTEPHbIX
obyyvalolmx nporpamMm CcocToMT B obecrneyeHnn npuobpeTeHus o6yyaembiMu
KOHKPETHbIX 3HaHWiA, YMEHWUI N HaBbIKOB MPW U3YyYeHUW Kak OTAe/bHbIX pasfesnos,
Tak v B LEeNOM COOTBETCTBYHOLWMX KypcoB. KoMMbiOTEPHble 06y4atoLue nporpammel
[JOMKHbI ObITb YHMUBEPCANbHBIMU, BbIMOAHATLCA B MHTEPAKTUBHOM pexume. Kpome
TOr0, OHY AO/MKHbI 6bITb OPUEHTUPOBAHHBIM HA KOHEYHOTO Monb3oBatens [1]
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CyTb 00y4eHUs Ha OCHOBE KOMMNbIOTEPHOI 06yyatoLLeil mporpamMmMbl COCTOUT
B TOM, 4YTO Yy4ebHbIi MmaTepuan 0oKOpMAseTca B CTPYKTYpMpOBaHHOW opme B
COOTBETCTBUN C OMpPefeNiéHHbIM anropuTMOM W3N0XEHUS U CHabXaetcsa Habopom
BOMPOCOB ¥ OTBETOB A/ CAaMOKOHTPONA B npouecce 00yyeHus. [loaTomy, npu
CO34aHnn y4ebHbIX MaTepuanoB LenecoobpasHO WCMOMb30BaTb AaHHbLIA NOAXOA,
Korgja  yyeGHO-meTOfMuyeckue  martepuansbl YETKO  CTPYKTYpPUpOBaHbl  ”
COOTBETCTBYIOLLMM 06pa30OM KOMMNEKTYHOTCA B CneuuanbHblii Habop, YTO NO3BONseET
3aTeM nepecbiiaTh UX 06y4aemMoMy f/19 CaMOCTOATENbHOI0 U3YYeHus.

MOXHO BbIAENNTb jBa OCHOBHbIX MOAYNA 06yyarowmnx nporpamm [2,3]:

e MOAYNb NpenojasaTtens,
*  MOAynb 06y4aemMoro.

PaspabaTbiBaemblii MOAYb NpenoAaBaTens B NePBYO 04epedb LO/MKEH ObiTb
yoobeH ¥ MpocT B NPUMEHEHUW [ANS YenoBeka, He 0061afaloWUM  HaBblKaMmu
nporpaMM1poBaHuS. 3toT MOAYNb  [O/DKEH obnagatb  cnegyrowymMu
(OYHKLMOHANIbHBIMY BO3MOXHOCTAMM:

OTKPbITME YXe HabpaHHbIXx Matepuanos B (opmatax *doc, *.rtf, *.txt

(nokymeHTbl Microsoft Word n TekcToBble haiinbl),

pefakTupoBaHue y4e6HbIX MaTepnanos,

*  CO3faHue HOBbIX y4ebHbIX MaTepnanos,
BO3MOXHOCTb NepeHoca MaTepuana c NomoLLbio 6ygepa obMeHa,
e BCTaBKa rpafuku, ¢opmyn, 3ByKOB

MepeuncneHHble  (YHKLMOHA/bHbIE BO3MOXHOCTU  ABMAAIOTCA  TPYAHO
peann3yembIMy C TOYKM 3PEHNSA MPOrpaMMMpPOBaHUS.

B HacTofwee Bpema 60/bWNHCTBO Y4YeOHbIX MaTepuanoB XpaHATCA B
topmate Microsoft Word. Tak Kak KaxAblii mpenofaBaTesib UMeeT HaBbIKW paboTbl C
Microsoft Word, To LenecoobpasHo BK/OYWTbL 3TOT MHTep(elic B mMporpamMmHoe
CpeacTBo ITO MOXHO peann3oBaTb, Ucnonb3ys TexHonoruto OLE (Objects Linked
and Embedded).

B cooTBeTCcTBMM C AaHHON TexHonorueid OLE 06bEKTbl MOXHO 160
npucoeanHnTe K OLE KoHTeiiHepy, nMb0 BKAKOUMTbL B Hero. B nepBom cnydae
JaHHble OyayT XpaHuTbCcs B (haiine Ha gucke, Nno6oe npunoxeHue GyfaeT MMeTb
JOCTYN K 3TUM [l@aHHbIM M CMOXeT BHOCUTb U3MeHeHWs B0 BTOpPOM cliyyae AaHHble
BkAoyalotca B OLE KOHTeliHep W TOMbKO OH CMOXeT npocMaTpuBatb WU
MOAUMULMPOBATL 3TN aHHbIE.

OLE sBnsetcd pJanbHeldWWM pasBUTUEM UAen pasfenseMbiX  Mexay
MPUNOXEHNAMMN faHHbIX. Ecim ¢ nomowbio DDE MOXHO 6b110 paboTaTb C TEKCTOM,
T0 OLE n03BONAET NErko BCTPOUTL B MPUNOXKEHNE 06paboTKy NtO6LIX TUMOB AaHHbIX.
Kak u B cnyyae ¢ DDE, gna npaBuibHON paboTbl npunoxeHus-kaveHta (OLE
KOHTeliHepa) TpebyeTcsa Hanuume npunoxenns OLE cepsepa. Kaxgblid pa3, Korga B
nporpaMme-K/nMeHTe Nonb3oBaTesnb obpawaetcs K OLE 06bekTy € Lenbio npocmoTpa
W peflakTUPOBaHWSA, 3amnyCcKaeTcsl MPUIOXeHWe-cepsBep, B KOTOPOM W MPOUCXOANT
pa6ota ¢ fJaHHbiMW. CepBep 3anyckaetcsi “BHYTPWU”  MPUNOXKEHUS-KIIMEHTA,
MOLMMULMPYET BN CUCTEMHOIO MEHIO, NMHEKN MHCTPYMEHTOB U Ap. Pa3BuTue naen
OLE npuseno k noseneHuto OLE automation NPUNOXEHNE-K/TMEHT, KOTOPBLINA
MOXET BbINONHWUTL 4acTb KOAa cepsepa.



