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1, In (1] the intecpolation theorem for canvex quadrilateral isoparametric finite elements
is proved in the case wheo the condilion py /by 2 o > 0 is nol satisficd, where fiy: is
the dinn eter of the clement KN and gy is the radiug of an inseribed circle in . The
interpolation error s O(h%) in the Ly(KY-norm and O(hg) in the I+ Ynomm provided
that the juterpolated function belongs to HAHK). ln the case when the long sides of the
qualritateral A are parallel the constants appearing in the cxtimates are evaluated.

In [2]) two approaches in deriving Uhe interpolation error for narrow guadrilateral isopara-
metric finite elements not satisfying the comdition ox /by = go > 0 are presented. The first
one, using the Bramble-Hilbert lenna, is successful only in deriving the Ly{A')-vstimate,
The nonapplicability of the standard approach via Bramble-lilbert lenama in the case of
HY(K)-estimate is presented and a fully ollicient incthed giving the optimum rate of conver-
genee Q) in P (K )-nor is deseribed, At e end the dependence of the interpolation
crror on the geomelry of a quadrilateral is demonstrated by an example.

2. In [3] various triangular linite (%-¢lements of the llermite type vatislying the max-
imum angle condition arc presented and corresponding interpolation theorerny are proved.
The sitplest finite clements belongiitg to this famnily are polynomials of thind degree. Nine
of ten parameters unicuely determining {hese cubic polynomials are the sawme: function
valnes and first partial derivatives preseribed at (e vertices of a triaugle. As to the Lenth
parameler there are several possibilities: a) the normal derivative pfdn preseribed at the
midpoint @ of the smallest side P14 of a triangle; b) the directional derivative dpfds;
preseribed at @y, where s, is the direction parallel with the side AP (i = 2 or i = J);
¢) the function valwe p(P*), where P~ is the point lying on the segment /3@y such that
dint (P*, Q1) = £dist (P, Q) with ¢ = (dist{I%, FA)P/(2dist (P 0 )% I is interesting
that in Lthe cases a) and ¢) the very general Jamet’s fiypothesis is not satinfied.

3. In [4) the fnite clement method for an elliptic equation with discontinuous covlficients
(obtained for the magnetic potential from Maxwell's cquations) is analyzed in the union
of clased domains the boundaries of which form a system of three circles with the same
centre. As the middle domain is very narrow the triangnintions obeying the imaximuin angle
condition are considercd. In the case of piccewise linear trial functions the maxinmm rate of
convergence Q(h) in the nonn of the space 1'(f1) is proved nader the lollowing conditions:
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a) the exact solwtion v & H'{$2) ix pircewise of clase 12 b) the family of subtriangulations
{73} of the narrow suhdomain 7 satisfies the maxinum angle condition.

4. Tu (5] a spreial condition o € B BN/AB < 7 for magnetic relnctivity » is
introdnced, a. 3 being pusttive coiistante, s combtion guatantors the anigiss existence
of bath the geneealized and the apprositmate solutions of the nonlinear stationary magnetic
fiedd equation, as well ax o eeidain estinnste of the enor belwren these two wlotions. This
condition cnn he easily verified and is Tulfilled for varions magnetic relactivity models wsed
in clectrotechnic practice.

5. In [6] & computional algorithm for madelling (ke periodicity condition is analyasl.
This condition is very usclul in electrotechnic applications because it eoabdex us to reduce
the domain of solution. However. it canses the lows of discretization system symmetry. The
simplificd way how to symmweteize the system again is presented. The paper i supplemented
with numerical experiments,

6. In [7] the theotry of smface integral including the Guoss-Os rogradski theorem o a
general form iy developed withont using the partition of wnity.
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In {1} the solution of the fst problem of plane clasticily by an improved method of
auperposition is studied, The resultant stress function, which is a lincar combination of the
chosen hilsarmonic fumetions, ix determined by /from e coincidence of all three components
of the load yesasliant and the rexaltant of internal forees on the individual houndary cloments,
According 1o the Saint-Venant s principle. the inncevracy of the solution is restiicted Lo &
thin steip along the houndary. The components of the resullants of intetnal forces acling
on an arhitcary line segment ean be oxpressed by imeans of stress function. The results of
comparative expmples prove (e advantages of the proposed methord.

Paper [2] deals with an explicit modified method of characleristica for the one-dimensio-
nal nonstationary convection-diffusion problem with dominating convection. A numerical
method for the ene-dimensional nonstationary convection-diflusion problem ny 4 pu, —
cigy = [ s doeseribed amd analyzed.  The method is a combination of the method of
characteristics and the finite differenee method. Apriori local error estimate of the order
O(id 4 1)) Bas been povesl, where b and by are the discretisation steps. The method is
stable for 32k € A2 and it shows only & slight arificiat dilfusion. It takes advantage of
sotne properties of the theoretical solution. This on the other hand canses difficultics in
wore dimensionn] problems.,

In paper {3 existence and lindte element approximation of a hyperbolic-paraliolic prob-
lem is studiee. The eriginal two-dinwensional domain is approximated by a polygonal one
(rxtermal approximations), ‘The tinw diseretization is obtained using the luler’s backward
formula (Rothe's methad). Under certain natnral siootliing assuttiptions on the data the
existence and mniqueness of the solution and the convergence of Rothe's functions in the
space C(T. V) is proved.

The effeet of numerical integration in the cane of narmow quadrilateral four-node isopara-
metrie Mnite closments bs stacdied in [1]. Lot 2 amcd 8 (2 < 8) be the lengtim of the short sides
of a narrow convex quadritateral K. Let b e the diamcter of K. The following cases are
analysed:
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a) T caer of parallel long sides: 1T & = O(A7) then an integration formula of secoud
<hegree of precision guarantees the errot of wmerical integration exmal o (UL, 102 = O)
then we obtain the error O(h) using an integration fornula of fousth degroe of precision.

W Tet one lane <ide lie on the axis » and let o and & be the orthogonal projeetions of
£ and & on Uhe axie g sespectively, 1F fu — b = CUE) then the ~one tesabis boid ae o viee
preceding case,

Contribution (5] deals with (rochralski flow. I is the How of a silicon mels during
production of munocrystal by Caochrabki method, The axisynmnetric sude] of the melt
floaw consists of the spstem of Navier-Stokes cquations eonpled with thermal convection-
conduction equation, oxygen concentration convection-dilfusion cquations saul an cquation
desceibing 1 he eflect of axial magnetic feld, The probiem i stuliod in the form used in litera-
Lure dealing with munerical modelling. & ¢, the Bow is formulasd in terms of st reim funetion
. Svanberg worticily S amd awigl §), Tension in free surface (Marangoni offet) vickds
specind boundary vondition. The weak formulation of wationary and evolutionmy problems
is introdiced. Existence of the stationary solution is proved for simall dita, existence of the
cvolutionary solution is proved without restriction,

The sotvahility of uperator cqnations i Swlied o (6], The tust part contains for al-
stract egistence theorems for equations witl operadors being slrongly monotone, motone,
weakly contimunts er operators satisfying (M-condition. The secand patt containg some
examples of applications of abwtract existene theoreme W partienlar problemss, The 1hind
part surveys anxiliary eesults that help cerifying the asmnptions.

References:

1) CERMAR. L. - DRANBOROVSKY. 7. Solutian of the first problew of plam clasdicity
by an improved mthod of supcrposition. Buikling Hesearch Journal, No, 3. 42 (1994),
pp. 137 M7

¥ DALIK. ). - ROZACKOVA, IL: An explicit modified method of characte visties for the
onc-dimt weivnel nonsfofiovary conccchion-diffusion problim with dominating convee-
tinn, Subiitted to Apphication of Mathematics.

(3 HLAICRA. R Finite tliment solwtion of a hyps thalie-parabedic problem.  Applica-
tions of Mathematics, No. 3. 39 (199}, pp. 215- 230,

H] ZENTSER, A, - VANMAELE. M. The effect of namerical infegration in the case
af nurrow quadrilate val fone-neds isoparemelvic finite cloments. Preprint. Dept. of
Mathematics, Fue, of Aech, Eug., Techuical University Bino, 15 pages.

5] FRANCU, L: Modilling of Csoehrbaki flaw. Preprint. Dept. of Mathematics, Faculty
of AMecl, Eug.. Technical University Beno, 53 pages.

6] FRANCO, J: The methods of solsing eperator equutions with applications te mathe-
matical physics, Procecdings of seminar “Industeial Mathematies and Mathematical
Modelfing 917, Rybnik 1.7.-8.7. 1994, University of West Bohensia Plzen, 52 pages.,

Titia v atarch haa bien conducted wt the Department of muthe matics, Techuical Univer-
sity Broe, Fuc. of Mech. Enginecving an part of the mavarch projeet “Matie maticel Modelling
of Kngintering Problcma™ and haa been supporird by 11 gravt No. C22/94,



WORKSHOP 85 MATHEMATICS

MATHEMATICAL MODELS IN
MECHANICS OF FLUIDS

J. Neustupn, J. Benda, 8. Kraémar,
M. Machalick$, §. Mntudd

CTU, Fac. of Mechanical Eng.. Dept. of Technical Mathematics
Katlove ndm. 13, 121 35 Praha 2

Key words: linid mechanics, mathematival models, finite clements, Navicr-Stokes equa-
tions, varintioual inequalitics, turbine profiles

This conteibution comtains a brief description of some results which were obtained by
the authors as o part of their research work in the year 1991, The referred papers will
appear in varions jonrnals or procesdings of conferences in the next years,

J.Benda suived nmnerically the problem of subsonic flow of an ideal compressible lluid
in a plane profile cascade, e developed a system of programs for complete solution by
tle finite clement method. Convergenee of the used iteration method for solutien of the
tionlinear system of geid equations wag in details investigated in dependance on the used
nunetieal metlod (SOR or the method of conjugate gradients) and on the Mach number.
The method is applicable also 10 subsonic Hovws with Mach nambers which are arbitrarily
near to onie, The oulpnt data involve values of the stream function, velocity and Mach
muttiber n the Bow Geld and the velority and pressure distribution along profiles. Further
dotails can be found in {1]. The work contimies at Uhe present time, it ix oriented to design
aind programe realization of the mnierical method for optimization of profile shapes with
respect 10 (he velovity distribution.

S.Kenémar and J.Neustupa studied qualitative propertics of variational inequelitics
of the Navier-Stokes type which simulate steady Hows of viscous incompressible fluids in
channelz with the Didchlet houndary comdition on the input and the boundary condition

o
rn 4+ V”“ =g

on the omtpnl, (p is the pressure, w iz the outer normal vector, v it the coolficient of
kinematic viseasity and @ is the velocity,) Morcover, a one-sided condition restricting the
backward velocity on thie ontpmt was used. (This condition caunes the necessity to formnmulate
the problem by menns of variational inequalities iustead of partial differential equations.)
The weak solvahility wis proved cither for # > »* or for all ¥ > 0 in dependence on the form
of the one-rsided bonndaty condition applied on the eutput of the channel. (17 is a positive
number whoet value can e concretely specified.) Uniguencas of solutions was proved under
an apriori assumption concerning their regularity. Furiher, it was shown that the solution
satisfies i o weak sense the Navier-Stokes cquations and the inequality is reduced to the
part of 1he boundary of the channel if tiw solution linds itself in an intetior of n certain closed
convex set whase form depends on the mentioned one-sided condition. Aore informations
ahout lis topic can be found in [2).

S.Matudi dealt with eyquations of motion of visecous compressible fluids in the case of
presence of singularitien, She considerel three types of singularities, At first, it iy the case
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when the density grows up without any bonndednes, The secund type corresponds to the
case when the density vanishies and the third 1ype occwrs i the demsity Jaa discontinuities
like for example on a shock wave, The behaviour of pertirbances and their propagation was
studied in all three cases. (See (] for nore details.) S.Matah also studied a sphecically
symmetric motion of a viscous harotropic gas suirommding a solid bail. 8w prosead atuhility
af a steady equilibrivim stage with a free borndary on the surface of the fluid.

1t is known thal the zera solution of differcutial equations e 11ilbert or Banach spaces
of the Lype p

u -— ts
T + Iw = Nu

(where L is a lincear operator which is for example a generator of an aualytic semigroup and
N is a convenicul nonlincar operator) is asymplotically stable if except ather requiremoents
which have niore or less a technical character either Hel > § 2 0 for all X € a(L) ot the
operator L is cssentially dissipative. The frst condition is not satisfied for examiple in the
case of many probiems in cxicrior domains when the spectrum of £ touches the maginary
axis and the second condition is oo restricting. it ik not satisfied if the synumetric part of
L has some negative cigenvalues, J Nenstupn derivedd sufficient comditions for asymptotic
stability which can be fulfilled in both these cases, (See [{] for more details) The ab-
stract differential cquation introduced above com simmlate among others a flow of a viscous
incomproessible fluid aronnd a bounded hudy.

ALMachalicky deals with a mathematical deseription and a graphical visunlization of
static and rotating parts of turbines, In feame of the cooperation with {he enterprise Skoda
Pleer, he developed a set of hew programs which respect hboundary wallz, The progeams
can be wsedd for example to the design and cont-el of shapes of channels between turhine
blades from any view direction,
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This contiibution is concernad with numetical solmtion of subsonic flow in a plane cas-
cade. A corresponding mathematical nexle] is a bonndary value problemt for a noulinear
elliptic partial differential equation. ‘Fle finite clement method has been wsed for a dis-
cretization of the dilferential equation and a systetm of nonlinear algebraic eqnations of the
form A{e) - o = b(r) has heen obtained. As the system s implicitly nowlinear. neither the
direct solution wor the standard Newton’s method enn be nsed. Therelore a generalized
method deserthad Lelow has been introduond.

will = O Wl _ i)
for & 2 1:
A = A(w®), b=bw®)
vitb @ solution of Av = bR
witt) = auf i —a)wh, ae<il>
o= k41

Au approxitnate sofution v is then defined as a limit v = limg_q, wi¥,
In each step of this precedurc it i necewary lo solve a system of linear equations A-v = b,

£ matrix of the system is symmetric and positive definite, but it is generally ill-conditioned.
The fact that the values of the rondition number were very large (~ 10%) drow our nitention

and so we decided to fined a proper preconditioner for the mutrix A to low the condition
number of the system. A regular splitting A = Al = R of the matrix A has been defincd
and the matrix 3 - a regular part of this splitting has been used an o preconditioner, The
closer the tnatrix Af is *o the matrix A the lower a value of the rondition number of the
* preconditioned system® js. ‘Then instead of solution of the original sysiem the modificd
system M=1Av = M= has Lo be solved, "Fhis system has not been in fact constructed
explicitly, a classical algorithm of the conjugate gradient method (CG) has been replaced
by a preconditioned one (PCG) only. Comparing the two algorithms the difference between
thein is evideat.
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O ulyorithm PCG algorithu

rn -b -Ax; ri=h - Axy

m=r m=M1r ()
o = (g 1)/ (Apk. Px) oy, = (g i)}/ (Apk. py)
Xkl = Mk 1 9kPr LRI R A

Fk+1 = M= akApg Tk = 1y —okdpx

v =M Ingr ()
th = (Fp1-Prer (k. vy} A = (g a1 )/ vk 1)
Pr+1 = Fegd + AP Phat = Ukqy + kP

A distribution of the vigenvalues as well as the conelition maumber of the matrix WA
significantly inflnenee convergenee beliaviour of the PCG algoritln, We necd at maximom
as many stops as & nber of the equations to obiain a thevretically exact solwtion. but
when the spectrum of the matrix of the modified systew is “well distributed” we need very
few steps only Lo olain a good approsimation of the exact solution,

Apart from this the aovewsity Lo solve i system Mz = pin each step of the POG arowe, Ax the
matrix M has been symmetric and positive definite, the Choleski factovization M = £ . LT
and a foilowing forwared and backward subwtitetion bas been naed, A pomdering of the
matrix Af by a proper permmstation matex 2 s been done to minimize te Billio in e
factor 1.

The procedute desigaed has heen fapleented into @ program for Uhe compntation of xih-

ronic flow in two typical tmbine cancades nses in Crech indostry (‘)Imnln Plzei. profiles 8T
101/50 and VO 1001/70).
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The contrilation deals with the theoretical and wmerical methods for solution of
a id-structure interaction problem. The study was concentrated on the dynandes and
sability of an elastically supported Hexibly-mountenl body with 2 degrees of frewdom vi-
brating in a rectangular elinnue] conveying ineomprossible inviseid fhiid. The problem was
studied within the 11 and 21 nearizasd potential flow theory, including eificts of boundary
conditions at the inlet and ontlet parts of the channel,

Pl
L1} yL\_ . Il;hl ﬂ.“ﬁ) I““"I“ﬁ”"
s

L.=_-_. ;j.. l. .,('}, RIS

Fig. 1

The preblem of finding the Wireshalds for the loss of stability of a flat flexibly-mounted
rigid body (a plate) subjecied to a parallel spacely confined 21)-fluid flow in a rectangular
chaicl was reeently mathematically formulated in [1]. ‘The 2D problem can be considercd
a8 a semi-explicit system of Differential-Algebraic Equations (13AEs), where the algebraic
part of DAEs, i.e. the discretized elliptic problem, solved by the finite difference methiod,
is changed in each time step. The developed methiod of numerical solution was compared
with a much simpler solution of the 19)-madct of the Neid Now in a narcow channel, The
first numerical results achieved within the 2D-model and 1D-mode! of the fluid flow were
very close one Lo the other, The 2D interaction model was also partly described in the
proceedings of CTU SEMINAR 94,
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The paper [2} presented the unmerieal solution for an improved and meore geueral 21)-
model of the Ruid flow in the channel when e inlet and cuthet parts of the channel both
upstream and downstican of the vilirating plate are 1aken into account, 1he critical fow
velocitivs for the loss of static and dyvamic stability of the system are evalnated from the
numerical siimulation of the motion of the plate. ‘The tesults were compansd again with
the solutivn dor tiw PD-nade D of the B! 8o G various pacameters of the system. Con-
cerning the iustability thresholds {(1he flutter or divergence) the considesable effeets of the
more generd boundary couditions for the Hnid low were analyzed from the cornmponding
cigenvalues.

The elastically supportel rigid body (a plaie) with its upper flat sucface of the Jength
L subjected to the fluid flow in Ow chiannel of the height # is slown in Pig.1. The rigid
body of the mass sy and the woment of inertia F with an arbiteary position ¢ of the centre
of gravity T ig supported by two spriage eq ond dampers by at points A and £ i the
distance £y 1 from the upstream end of the by, The vibration of the body s diseribed
by the system of ondinary dilferential equations for the small displacvsmicnts ar{4). aa() L
Aamd B, The undisturhed mean flow veloeity {7, 3 tow supposed apetevam of the vibratiog
Lody in the distance 24 . and zero perturbation prosire is comsidered a1 the outiet of the
channel In the distance 3 dowistevar of the body.

The 1D-problem for the potential ofr. /) can be focmalated with more general boundary
conditions at thie inlet and outlet parts of the chanuel:

do o
-] =0 - Ay plly =— =1
b7l a (1= Jplae )+ plly Pelvates o @ {1)

The L) problets wae stadied by the elasdieal methods of stabitiny analysiz. It was converted
into an eigenvidue problem,

The influetice of the parimeters gy, 22 aond # an e stability bonndaries was sindis)
more thoroughly, The bonndaries for a lly synmeeteic damped systenr are very litle
influenced hy the distanee 2, considensd ag 1he inlet part of the chamuel, On ife other hand
the distance ¢; downatrean of the vibrating bedy was found very important. The longer
the distance &, wan supposed the higher the hydrodyaamic danping of vibration appeared,
and the exsentially higler mean How veboity 4 for the occacrence of thie fintie instability
of the system wad necesgary, Thus the dynamie behaviour and tie siability of the studied
ayslem was foutd very sonsitive fo the cliokee of the houndmy comditions for the flow fiekd
especially in the outlet part of the channel,
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NUMERICAL METHODS
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The atn of our work was the development of some numetical nwthods, especially the
s0 called apecteal element metluds, for solntion of special problemis represented by partial
dilferontin) equations in the domain of evolution equations, in the domain of mechanics of
fluidd and in special probleins of elrsticity.

Spectral metherds have been inteusively deeeloped aver the last Gfteer: years, The
progress in this field bas beeis motivated by the need for a hetier accuracy in numerical
sitlation of more and more complicated seientific and Lechnological problems. In the
beginning a monmlamain approach has been used. Later with the need to solve problems
in mote complicated domaing the techuique of domain decomposition hias been used - thus
the o called spectral elenwent method appeared and was developed. These methods were
doveloped especially by ¢ Beenardi, ¥, Maday [1]. "The idea of this inethods is very close
1o the so called h-p version of the finite elemoent method,

The basic characterirtic of specteal element inethod is that discrete approximation is
sought in the apace of polynomials of high degree. The aceuracy of the solution is then
given by the regularity property of the exact solution. It ix woll known that the error of the
approxtmation by polynamials of degree < ¥ descends exponentially with ¥.

Due to 1he domain decomposition approach the spectral element methods are very
approprinte for parallel implementation (2], [4). The development of these methods is in
relavion with the development of parallel computers which hecame aceossible also in our
conditions now, In our work we investignied the aspects of parailel implementation of the
5o callml mortar clement method whicli can be used in case of nouconforming, or sliding
mesh [4].

As pegandes {0 applications, we can mention 1he problem of the respouse of a simply
supparted hridge construction to a doubly spring heavy vebicle going along the bridge.

Thix problem learls to e xyntem of one partial and two ordinary dilferential equalions
for wnknown functions wle. ), v(f). ex{f), and was solved numerienlly by Ing. P. Pich
and Prol. Kael Reklorys, DiSc., recently, The method of discretization in time was used
and an ingenions progranme developed, contaiving even snch complicated caser as if the
velticle erosses an obstacle, jumps off and loses contact with the construction for a while,
for exnuple. ¥anerical resulis obtained by this method were guite satisfactory. However,
the prablem was so complicated that theoretieal questions, especially that of convergenee,
remained aunnswered, A different approach was suggesied by Profesor Relctorys which
seems (o offer a better way of solving convergence gnestions.

The next techuical problems we investigated were the problems of the elastic propertics
of the hlood vexsel and their replacennnt, A mimerical model of eontact “blood vossel-
replaeement” e made. “Uhim problem Yhas been solved in collaboration with the Institeie
of Hydromechanics of Academy [5].
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U is worth mentioning that this year the secoml deeply 1evised wdition of the work

K. Rektorys et al: Survey of Applicable Matlematics, Doiteecht-Loudon- Huston, Kluwer
1984, has been publighed, the prepacation of which was also a part of sur project.
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THE MATHEMATICAL MODEL
OF A NONSTATIONARY
FLOW WITH MIXED
BOUNDARY CONDITIONS
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In this contribution, we present the survey of the existence theorems for the sysiem of
the Navier-Stokes equntions ane the contionity equation with the mixed boundary conditions
and for sufficiently small data.

1. Definition: We suppore that 0 C R™, where n =2 or n =3, Q is opeq, bounded and
roaticeted downin, 2 € C® and we suppose that

A= ul.R=NRhulLl:nly =5
meas I, > 008 = LL0L3, meas (TN M) =0,mes (M, NTy) =0
2. Definition: Let uz define the space
E ) = {u € [ (W) divu=0. mMppunT, =0},

the Banach space [1, as the closare of £,(R) in the norm of tho space [L}(Q)" and the
Banach space V1 az the closure of E,(S1) in the norm of the space [IW" (1)), 1 < r < co.

3. Definition: Let £ € LHO. TV v € L3P, of € LA, T (V12). Let the
function u satisfios the equality

0::. . (h.

K (m+j Uy ety () =< fov >

jn o dif) +

Then we say that u ix the weak solution of the Navier-Stokes equations with the right side f.
4. Delinition: et us deline the Banach space

4\.l' = {u: “' e ’,“U_ 'r, ‘:‘I") ] ’4”(“, T, .”“ ); "" E L'J{u’ ,"! “ :.1)-)‘ "‘0) € D}
with the norm
[z, = ||l"'|l|;.¢(u.-r;l;:~') + |||“'[|[L~{n.7:m.) + “l""||||.zm.r;u-,:-')-) + Illutﬂlllln-
Lot us define the Bauach space
Yo = {1 = (foued: S € L0, T (V) F(0) € Haowy € D}
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with the nornt
WiFTh = MM gm0 5y + 00, + Heolllp.
5. Definition: Lo us detine Uie operatan Ay . Xy -+ 1.
Mw)= F

where F = {f, ] and

ju -vd(m+_[ B ”" d(m+ju, P o i) =< foo >

and
w(0) = g
for u, F and every v € V22,
6. Remark: It is obvious the function u is a weak solution of the Navier-Stokes cquations
with the right side f if and only if Vi-(e) = [.

7. Theorem: There exizts neighbourhood 8 of zero in Xy and neighhourhood 3 of zero
in Yv and Vv is one-fo-one from {7 to V.

This rcscaveh has bien coudncled al the Deparbinent of Mathvimatics of the Facally
of Civil Engincering as @ part of the reeearch project “Numerical methods in engincering
problens”™ and has been supported by the grant of the CTU No. 18011,
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THE TWIST PATTERNS AND
A FORCING RELATION
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Introduction: The aitn of this note ix 1o give more information about a forcing relation
with respect to the set of twist patterns, These patterns have been meently discovered ([1),
[2]) as the simpliest types of patterns forced by any ones. ‘The tenninology used here is
tnainly the same as i 3]

let P={poecpa) € Rand @: PP~ P Then () is 1he periodic orbit (or cycle)
if P = {{m)}sy (2 i exelic permmtation of P, We will naally omit o and we simply
say that £* iz a cycle, Period of a cycle P is per{ 1) = n. T'wu pertodic orbits (£¢)(Q, 1)
are equivalent iF there exists a homeamorphism & @ conv(P) — cone{@) such that #H(P) = Q
and ¢ o hfp = ko= An equivalence class of this relation will be called a pattern. If A is
a pattern and (P.¢) € A we say that Uhe eyele 2 has poattern A (P is representative of A)
and we will use the symbol [P} to denale pattern A,

Let £ be the wet of all closed real intervals, We consider the space C( 1) of all continuous
maps f. which ave defined on some € 1 and mapping it into itsell. A function § € C{/)
has a eyele (P2} i flp = ¢, In this case we shall kay that £ exhibits pattern [P]. A pattern
A forees o pattern B if all maps in C(1) exhibiting A. exhibit also 2, 83y fp we mean the
P-lincar minp of I, i.e. fp € C(I) (1 = conv(P}) such that fp|* = o and for any interval
4 € 1 auch that JN P = § we have that fpld i lincar. Obviously fp ix a piecewise lincar
map. The modalivy of fp (2, [P}) is the immber of bocal extretmes tn the interior of 1.

A cyele (,4) hag eceentricity mfn if for auy map [ € C(1) with cycle P there exists
a lixed point ¢ € Fix(f1 sach that #{r € P » < c}f#{r € P; x 2 ¢} = mfn. Note that
cycle (h{P), 4" o p o i} where A(r) = —r has eccentricily nfim and xo we can deline the
cccenlricity of paltern [M] as the eceentricity of its representative such that eceenlricity is
greater than or cqual to 1.

Definition. Pattern A with eccentricity m/n is a (wist if it docs not foree any other
patterns with the same eccentricity,

Of course, one pattern may have more different eceentricitien. But ax we have shown
in ([1), Leinma 2.1) it is cssential Lo consider the patterns with the wnique eecentricity m/fa
otily. For auch a pattern we have used the notion of m fu-unipattern { mfo-univyele for its
representative ). Iy what follows we shall alwayr consider patlerns { cyclis ) with eceentricity
mfn greater than 1. Note that for an m/n-unipattern %] the relation per( ) = k(i + n)
holds. Lot us suppose a cycle 1 is written with a patial laboling, iw. P = {; < ... <
Piima)}: .

Definition. We shall say thal an m/n-pattern [] is preen if a map fp has the following
properiies :

(i) fr has a unique Mixed point ¢ { Pem < € < Prwmsr b

(iiYif p <, Scand fp(p) > o, folp) > e then fp{p) > folp),
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(i) il g < p, < ead fiulp) < e fpe{p ) < e then fpeip) < frip,).
()il e < py <y thew e > fpdp) o foliy )

The Theorems: 1w bisie meaning has G Rofluning 1 wldi,

Theorem A. Lot A he a pattern with eccentricity greater than or equat to /i, Then
A lforces some twist pattern with ccoentricity mfa.
Proof, See [1].

The Theorem A shows why it seems 10 be nseful to investigate the forcing colation and
topological entropy with wespect to the set of all twist patterns (see also [4)).

Theorem B. Suppose m.n copritie. pog cupritme and srfa 2 pfg . Thew every bwist
M g-patters is forced by yome green anfe-pattern,

Thearem C. Lot m, 2. p.q be positive integers. There oxists a pattera [P] with the
propertics:

(i} a modality of [P] is greater than m.

(i} a topological entropy of [P] is greater than n,

(iit) an eccentricity of [/} is gieater than p,

(iv} [P} forces only the twist patierns with modalities less than q.

References:

[1] BOBOK, .. - KUCHTA. M.: X-minimal Patterns and Gene alization of Sharkorskii's
Theorem , to appear.

[2] BLOKWN, A Hatation numbera, frcists and u Shavkovekii-Misinrewics-{ype ardering for
patierns on He inlereal 10 appear.

[3] ALSEDA. L. - LLIBRE. J. - MISHIREWICZ, M.: Comébinatorvial dgnantics and entropy
in dimengion one , Adv. Ser. in Nonlinear Dynamics 5, World Scientific, Singapore,
1993.

[] BLOKIL A. - MISIUREWICY. M.: Enfropy af Twist Iutereal Maps | to appear.

Thia weaearch has been conduneted ab the Depariment of Mathcmatics an part of the
reacarch project “Dynamcal Systems™ and has been supported by Geant dgeucy of Coecl
Republic, granl no 201 /84/ HIRS.

30



WORRKSHOP 93 MATHEMATICS

MULTIDIMANSIONAL DISCRETE
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In most cases, dizcrele signals are mathematically representedd by sequences of real or
complex mumbers and dixerete systems are considered as mappings hetween sots of sequences,
This approach is applicable both Lo one-dimensional and multidimensional signals. In the
latter ease by a nltidimensional seqitence we miean a mapping »# : Z° — C,

Though ay mapping 7° operating on ay set of sequences S is a mathematical model
of a discrete aystenm, sy«tems with reasonable properties require some specifications of the
downain §. In order to take into consideration linear systems, S must be a linear space:
investigation of convolution systems require morcover. that a hinary associative operation
(usaally called convolution) be delined on 8. Approxination and optimization methods,
as well as anolher impotiant property of syatews, stability, impose further requirements on
the mathematical st incture of S these are associnted with the coneepts of eonvergence and
boundedness and are typically et in a complete normed space,

A complete normed linear space S where an associntive operation + 1 & — 8 iz defined
such that it is distributive with respeet 1o addition in S and satisties the relation

e+ ull < licllilyll for any rp € S

is called Banach algebra.

It is therefore natural Lo employ Banach algebra techinigques in systemn theory; in par-
ticular, Banach algebras of sequences play an important rofe, either dircetly or indirectly,
in a mumber of 1opics in the discrete systems theory, As exmmples we ean lake the principal
stability criterion for multidimensional filters [1], deep analysis of the relaionship between
the cepstrum and the stability of multidimensional filiers [2], theory of the asympiotic sta-
i:illil.y of discrete filters [3] or the recent resuts on the A-transform {1] and deconvolution

5).

In [G] it hias Loen shown tliat all basic transformations of dikerete sighals - Fourier trans-
form, s-transform and discrete Foutier transform - are partienlar cases of the Gelfand trans.
form in the Banach aigebras of ahsolutely smnmable seqnences, cansal absolutely summable
sequences and periodic sequences 1espectively, Thus Banach algebras of sequences forn a
suitable mathematical framework for the discrete systewns theory, This framework nol only
sheds more light on the known results but, as [4) and [5] show, opens ways to new math-
cmalical models of discrote systems and has the potential to solve certain deconvolution
problems aud problems encountered in hemomorphic signal procesing.

Though Uie results in {1] and [5] are only one-dimensional we believe Hhat the Banach
algebra framework might help in obtaining their muhidimensional counterparts, This idea
is curpently nnder investigation.

Models of lncer systems are ofien represcuted by partial differcace equations; either
by inpul-output relations or by stale equatioms. The existence and uniqueness (EU) of
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their solutions have been formulited aud solved fur initial value prolleins and more geperal
houndary value problems {10}, Speciat caus ol mappings hetween syience spaces have been
considered in [7]. Here, the linear partial differcnce equations with periodic coeflicients ate
investimated and FUT conditions are formmtated for the corresponding mapping hetween sets
of periodic sequences,

The slate space representation of linvar u-E syatems has been considered so far in
special cases with the support of sequences i the lisst quadrant of 22 An attempt to
generalize the concopt of the Jocal and glohal state of n generad linear syrlem bas heen made
in {8]. Tlw constonction of the state §s based on the feenmsive computation of the solntion
and enables the incdasion of u- D w=ults into the fmmework of the general systems theory.,

An altempt 1o contribute to the rolustness of n- 1) gystems resnbted in a detailed study
of convex combinations of 1- 13 lhawitz polyuontial (9. Necossary and sufficient conditions
for a convex combination of twoe Hurwitz polytominls 1o be again a Therwitz polynomial,
are given. Further tesearch will, hopefully, lead to analogons reaults for seattering Hnrwitz
polynomials in # varinhles,
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A quantwn logic is a structure (L, <./, 1) fulfilling the following conditions:
1. £ is & partial ordering on L with a Jeast and a greatest elements, 0,1;

2. %1 1. = L is a unncy mapping ou L with (o' = a for any ¢ € L;

Lilahe Landa S b then ¥ < o;

1. il a. b€ L and # £ ¥, then the sapremum a V b exists in L;

Ailahe L and o b then thereisan olement c € Lsuch that c € a’ and b=a v e
A state on a guantsn logic L i a mapping « : L = [0, 1] such that:

La{ty=1:

2, a{a ¥V b) = s(a)+ a(b) whenever w.b € L and a L b,

Thus. the classical probability model iy Kolmogorov is a natural example of a quantum
logic and the probahility measures are just states on it. The difference between these two
models lics in the formulation of the axiom # - in the probability theory oue requires the
existence of all joins, not only of the disjoint ones. ln other words, in the probability theory
the set of elementary events is to e a Hoolean algebra. while in quantun logics it can be an
orthomodular Jattice, a more general stracime. This might overcome a conimon problem
with inadequacy of the probability model: in a natural situation it appears very often that
two evenls are aot comparable, The quantwm logies have found a natural application in
quantum theories and vecently also in hiology. | recommend [4] or [1] for a more detailed
introduction to the field,

One of the basic prablens in quantum logics is construction of examples and counter-
examples, Fven the simplest examples involve highly technical combinatorial problems.
Hence, more advanced examples are wsually “pasted™ from simpler ones. This method was
anggested by Greechic, who pasted Boolean algebras in a relatively simple, but surprisingly
successful way, The problem i< that a pasting of a collection of orthomodular laltices {or
Boolean algebras} may, but need not result in an orthomodular lattice. Technically this
means that one composes hypergrapls 5o that no “loop™ of a small lengih was created.
We foundd necessary and sufficiemt conditions for such pastings of orthomodular lattices and
posets {3} This paper presonts the most general resull concerning creation of quanium
structures by pasting Boulean algebras together. Morcover, we developed a new method
of a substitution of one atom hy a whele gnantwm logic. New the research s oriented at
cotstruction of ready-made components 1that could he used in the pasting. Our methods
have been succesefully applied 1o the theory  see [6] for a review of auch reaults or the
Intest paper by Navara [2).

While we are wsnally interested only in one probability measure in the classical theory,
in quantum logics we vestigale the whole space of all {possible) states on L. The interplay
of this stalc space and ihe orthomodular lattice £ is stndied intensively. The Janch-Piron
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property appeared to be very important, especially in quantum theories. Recemtly we studied
the subadditivity of states en L. 1t is not ohvioux how te translate this noticn from the
classicil theory inte tw quantum logics, We sugpestad severn] posaible definitions and
colpared their consequences.  Morcover. we proved that a quantum ogic L teuds to be
a Boolean algebra if there are sufficiently many subadditive states on it - see [8], This
reseublos a sinular tesudt for daucds Pivon stades 1300 Tl Srranreqtation of this fact can he
that the propertics of the state space may imply the distributivity of the quantun logic L
which, in fact, means that L is the classical probability model.
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The snhdireet produet of algebras is one of the most impertant constructions of more
complex algebras from a given coliection of "simpler™ algebras: one forms first a direct
product of the given collection and then enc considers any subalgebra of the direct product
Mgz Ai for which the i-th projection is the entire algebra A, {lor all i € /). Algchras B
which cannot be decomposed in this manner (i.c., thase for which whenever 2 is isomorphic
to a subdirect prorduct, one of the projections ir necessarily an isomorphism), are called
subdirectly irreducible, These form 1he basic building blocks of any equationally defined
class ¥ of algebras hecause, by the famous Birkhoff theorem (1], every algebra in V is &
sululitee! produet of algebras from V. Thus, in order to understand the inaer structure of
an cquational clizs of algebras, called a variely, it is inportant to know which algebras in
it ane sublirect by irreducible,

We have performed an invetigation of subdireel irreducibility in the following two
directions:

1. finding a structural descriplion of subditectly irreducible algebras in V;

2, describing minimal congruences for an algebra in ¥ {an a%gebra is subdirectly irreducible
il there is exactly one minimal congraence whicl is then the least non-identical one).

Algebrnas that ate widely used in compwter science are sesigronps (i.e. algebras with
one axsociative binary operation). Snbdirectly irreducible commutative semigroups were
describd by B. Schein [7]. A fall characterization of subidirectly irrmlucible semigroups with
minimal left and right ideals was presented by M. Demlové and V. Koubek {2]. Airimal
copgruences for finite semigioups were classified by J. Rhodes {6], and minimal congruences
for Green semigronps were fally descrined by M. Dembova and V. Koubek {3).

I spite of the results puentioned above tliere is o satisfactory struclural description
of subdirectly irreducible semigronps within all varicties of semigroups. One can ask what
the reasons for this situation are, M has turned out that in some varietics there are too
wany suhdirectly jreeducible semigroups, =0 that a structural description of subdirectly
irredlucibles would involve a structural deseription of nearly all semigroups in the variety in
question,

Delinition: A variety V is said to have 1oo many subdirectiy irrednucible algebras if every
algebea in ¥ can be embedded into a subdirectly irreducible algebea in V.

Varteties of bands (Le, idempotent semigronps) with too many subdireetly irveducibles
were desetibed by P, GoralZik and V. Koubek ). Variclies of nilsemigroups, varictics of
rominut alive semigronps, variet s of completely regular semigroups with too many sabdi-
reetly irreducibles ape characterized in [4).

I the fture we plan a continuation of the rescarch leading to characterizing subdirectly
frreducible setigroups of same hasic vatietios, and 1o collecting evidence af varfeties with
too many subdirectly irredncible algebyas.
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EXTENSIONS OF STATES
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The theory of ulgebra of aperators on Hilhert spnce hegan in the 1930s with a series of
papers by Jordan, vonr Kewwann, Murray and von Xewmann aund by Wigner. The principal
tolivations of these anthors were the theory of unitary group representations and certain
aspects of the quantum mechanical formalism. They introduced and analyzed a family of
operator algebrax which are reforred to nowadays as von Nenmann algebras, C*-algebras and
Jordan algelnas. Since its rapid developnient. the theory of operator algebras has become
an hmportant prrt of functional analysis, with applications in manuy other disciplines such as
abstract harmonic unalysis, spectral theory, non-comnmiative geonetry, K-theory, quantum
field theory, quantum statistical mechanics, quantim chemistry, ete.

Qur research interest in this vast fleld ix the general stracture theory of operator al-
gebras, in particular, extension propertics of slates. Belav we summarize a few important
resuits,

In papers [7,8] we deal with the extensions of states (probability measures) defined on
projection logic P{Af) of a given Jordan-Banach algebra Af. The central question of this
field is the problem of whether or not all states of P{AM) extend 1o siates (positive lincar
functionaly) of an algebra M. ‘Thix outstanding problemn, knuwn as the Mackey-Gleason
problem, was posed some thirly years ago [9]. The positive answer woulkd cstablish a re-
lation between mensure and state analogous to the relation between measure and integral
in the classical integration theory (Ricsz’s representation theorem). The Mackey-Gleason
question is highly non-trivial and has been answered in the affirmative for JB\V.algebras,
not containing type /- direel summand (generalized Gleasou theorem}. Studying the ex-
tension problem from a general point of view, we auceceded in proving that the Gleason
extension property (the existence of the integral of a given measure) is, in fact, cquivalent
to Lthe universal stawe extension property of the projection lattice (the existence of extension
of a given measure to arbitrary Jarger orthomodular structure). This result strengthens
considerably the generalized Gleason theorem and provides new insight into the Mackey-
Gleason problem. In addition, we have shown the cquivalence of the Gleason property and
the llahn-Banach cxtension property in the realm of order unit spaces of affine functions,
Staled results are alse of some inportance for axiomatic quantiin meclaitics,

Paper [2] Is devoled to extensions of Jauch-IPiron stales. (A state p of P(A]) is called
Jauch-Piron if its kernel is a sublabtice in (M), It is commonly assumed in quantum
physics that only Janch-Piron slales can quabiy as being "physical” states.} Jauch-Piron
stales on one particular algebra do not nsually extend to Jauch-Piron states on a larger
algebra 1,5} It is therefore surprising that, under some important circunmtances relevant
for both mathematics and physics, Jauch-Piron states possess remarkably good extension
properties. Namely, we proved that avery Jauch-Piron state on a JW-algebra Al cxiends
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to a Jauch-Piron on the cuveloping von Nevimann algebea 187 M), This reault contributes
to the siructure theory of opevitor algebras ad ollis simgslification of Dasie mathemad ieal
madel of quantum mechanivs {2, Uaing ihe above statedd tenult we can adso ~how that all
the tesults on the contimity of Janch-Piron states obtained in [15.6.00] are valid also for
Jordan alechras.

Finally, our mewearch i heen concentiated on thw contimidy o s ltisits. be-
tween von Nemmann algebras, the commutative propetties of states, and the goometrical
propertion of the state space [LL10) The 1esults of this pant of onr jesearely are importand
contributions to the thewry of von Newmann algebras and their applications.
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The logico-algehraic foundation of gunantum theoties, which has been pursned guiic
intensely weently (see [1,2,3.5,7,3.9), etc.), adopts for its underlying structure so called
"quantum logic”. A quantum logic is usually assumed Lo be an orthomodular poset, Corrain
philemophical, physieal and r.athematical considerations have suggested that be “righh”
logic of a guantum physical experitnent be an orthoalgehira {OA). The OA is a partial olgelra
with a hinary operation such that the orthomadular law can b derived as a coecquence
of the axionm impesed on the operation, Vieved from the mathematical standnoint. the
OAs are generalizations of ort homadular pasets (and therefore they generalize orthonwduia:
lattices and Iloolean algebras).

There seein to be (al least) two explicit advaninges of OAs over the etamium jusies
wsed previously, The first reazon i3 physicia — the QA {unlike orthomocda®,. tatticss) have
come inlo existenes on the ground of plansible phyzsical asziumptions based on the “tent
spaces” (see {2], cte.). The second reason ix technical — the axioms of an OA a1 2t al
and simple and thie algebraic theory of QAs seemx to meet well tie needs encourtored in
applications (see [3.4]. ele.).

In this note we want (o announce some recent results on states (=finitely ndiliin e mea-
sures) on orthoalgebeas. The results will be published in (1] and [6. A useful “pasting
technigue” to Le applied in the state space considerations wan developed, 'The urinealge-
bras with rather isteresting and “exolic™ slate spaces were conatructed, Also, examples of
orthoalgebras with preassigned state space propertics were exhibited, A mate representation
theorem was obtained and an orthoalgeheaic version of Shaltz's theorem whs established, A
thorough analysis of the extension problem for states on orthoalgebras was carried out. A
necessary and sulficient condition for “simple” orthoalgebras to allow extensions of states
over larger orthoalgebras was found. 1t was also proved that alt Hilbertian orthealgebras as
well as all BBoolean orthoalgebras allow extensions of slates.
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FUZZY QUANTUM SPACES
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a-ficld, state, obseivable, mepresentation

The nation of ficzzy set, introdnesd by Zadeh, has hecome frequiently used not only in
engineering applications. but also in biology, medicine ete. It enables us 1o describe our
mncertain knoseledee of the system, Hlowever. thiz ancetlainty may originate alse from the
natue of the xystem, ¢, g, i quantam mechanics.

Besides wimerons applications. the wathematical theory of fuzzy sets is proceeding,
Recently, generalizativis of 1he probability theory hased on collections of fuzzy sets have
bien intensively studicd. They aflow for nonclassical sitnations encountered in the above
mentioned areas, The notion of Hoolenn a-algebra. crucial for the classical probability
theory, is replaced by a collection of fuzzy sets.  This collection has to be closed with
respect to the operations of “fuzzy complenent™, “fnzzy union”™ and "fuzzy intersection”™
of conntable subsets, Here we contribate 10 the theory of fuzzy quantom spaces [2,5] by
clarifying the pusibility of applicativns of Dodlean technigques. We investigale this question
in a more general structuee - & d™-lattice — using purely algebraic methods.

Let L be a a~complete Inttice with a unary operation * {complementation). e call L
a ' ofattice [3] 3 it satisfies the following conditions:

(A1) L satistics the disteibntivity comlition bAV,en o, = Vex (BA a),

{42} ('Y = afor afio € L and ' is an order antiisomorphisim (Vhus L satisfies the de Morgan
laws).

(k) oA <OV lorall a.b € L (Rlrene condition).
All Boolean o-alpebras are d™-Iattices. Lot us peenbt the definition of a fuzzy quantum
space ay an important example of a P-lattice,
Let X he a non-empty set A fuscy quantnau space [2] {or soft fuzzy o-alychre 15]) on
Xinascl £ [0,1]% ntisfying the following conditions:
L. the constant 2ero fanction helongs (o F,

2Ha€F then a=l—-ac b,

3 if {a, hen in n sequencein Fothen gy 4 € F {the symbol Y means here the pointwise
supremutn of Hinetions).

b the constiun Tunetion 12 does wot belong te F.
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fn fact, d*-lattices present a common generatization of Baolean #-algebras amd fuzzy quan-
tum spaces. A d™lattice L is a Boolean s-algebra W ava' = 1 for ali v € L. A fuaey
quantum space is a Boolean a-algebra iff it is isomorphic to a o-field.

Througheout this nute L denotes o 7 er A soitalle coneratization of a random
variable scoms to be an observable on L, Lo, a g-homomorphism of twe Borel a-algebua
B{R} into L. A state om [, is » mapping s ¢ £, — {0, 1] sach that

1. slava’)=1lorallac L.

2. 4 {aghen € L such that o, < af for i & J. then s{V,gxm) = Toex o).

Particuiarly, a state on a Boolean e-algebra is an ordinary probability measure. Now we
may formulate the analogy between a d%aftice and » Boolean a-algebra:

Theorem 1 [3)t Lef L be o P-laltice. There exists u Boolean representation of L, i c.
o Boolcan a-algebra B and & mapping b+ L 225 13 snch that

1. for cach state » on L thew is a stale § on I saticfying s =to b,
2, Jor cach obscreabl. x on I the mapping y = hox s an obacreable on I3,

Theorem 2 [4]: Evcry Boolcan a-ulgebm is o Boolean nprscutulion of u fuzzy quan-
tum spuce,

As & conscrpicner, there i o fuzzy quantum space admitting no stmex, This answers
the problem of existence of states on fuzzy gquantum spaces (see {1,2]},

Noolean representations wwally are aot a-fields. Henee obsarvables cannot be repre-
sented by measurabl» funetions awd they beeame “point frve random variables™. On the
other hand, we achieve the maximuny clese correspondence utween state spaces and he-
tween spaces of abservables of a d3-lattice and ils Boolean representation.

It remains an open problem to characterize fuzny quantum spaces unong d-lattices,
It is not clear which is the most general structure thut ndmits a Boolean vepresentation,
Can {d1) e roplaced with finite distributivity? Is the Kleeue condition necessary for the
existence of & Boolean represcntation? These questions are subject 1o furtier research.
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AN OBJECT-ORIENTED ANALYSIS
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Typical problens studied lor large-scale optimization relate with nodeling approaches.
Au ohject-oriented methodology for wmi-stage stochastic programming was presented in
[t} A separate encapsulation of sofvers, data and models supports easy luture modifications.
Modcls, solvers and results can be stoged in small databases based on streams.

The purpose of this papeer it to present a mathematical model for the production process.
Classical blending models are implemented for use at the begianing of the melting process.
Thete are two questions usually asked, The Rrst one is how to hedge against the influence
of randomn loswes during the process, and the second one is how Lo take advantage of the
existenee of more 1hian one deciston stage. ‘The author will try Lo give possible answers 1o
these questions nsing f1).

A miain concept is an optimization clement €&, defined in lollowing way:

Q,: t= “;3;"'!"{.";(3’;'5:-31} Jy) € CLE %)) {1

whore bald eharacters denote following vectorst f, ¢ R x R¥ — R" is an objecli\’c
function and W™ = IR U {—ec, +oc}, C(6,.%,) is n feasible set, usua]l, defined using a
veetor constvaint funetion g, : Y < Btk o IR"' where M, € I, x, € RD |saparametcr

- l g H
L, € IN. & is a random \'ﬁ.tor defined on (R, 58,.P), §, € IV, ¥, € R is a decision
variable, N, € IN. z; € Y7 s & patamcter, i, eI,

I)lll'm-ut elements are joined by rules defi nul ly oriented geaphs. Let ' = (V, E) be an
oricuted graph, where 17 C Ik a finite non-empty xet of nodes aud £ € V' x V is a finite sel
of arcy, Let @ = {()},er be the set of optimization clements duﬁllcd above. For each are
{i,j) of graph ' = {17, &) there are transfornations «f = &, (y,) and =} = ¢, {y,). Models
wilh &, and ¢,, mappings for the message exchange were alwo studied. These objects join
different models and they create comples models especially the multi-stage models,

The first version of developed models was ased in {2] for 1he special class of three-siage
blending problems,

These resnlis were generalized in the repoit [3]. Several deterministic cquivalents were
defined for given stochastic optimi= -iion problen.

Generalized randonmess was discussed in (4], A linearization of noulinear terms con-
taining random variables wete studied in [3).

One of stuiphe smodels was inplemented in the CAM system used by the rapidly grow-
ing Czech stel producer ZDAS Zadar nad Sazavou and the revised sinplex procedure is
repeatedly msed during the selution process [6].

12
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Numerical resufts based on senl data are presented in §7).

MSLIP solution procedure is defined in [3]. This procedure is based on the Leshaped
aleorithm using Benders decomposition for siochastic Fnear programming. Comparisons
are based on the coneepts DV VES Jefiet e Kall and Wallace,

This approach was alzo used for analysis of the stochastic knapsack problew .
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USAGE OF REGRESSION METHODS
IN MODELLING OF 3D
INTERPOLATION SURFACES

B. Kvétofiovd

CTU. Fac. of Mechanical Eng., Depl. of Technical Mathematics
Horska 3, 125 00 Praha 2

Key words: mathematical modelling, imerpolation surface, patches, regression analysis,
stepwise regression, method of least squares

Interpolation smyface patches which are used in modelling of complex shapes, which is
posible to be Jound in the technical practice, might be divided into Lwo hase groups:

(1) paiches given by houndary corves

(22) patcies given by boundary earves and tangential planes in the points of the bound-
ArY curves,

Each of this group above can he divide into two subgroups:

{a) patches determined by two boundary curves,

{b) patches determined by four boundary cnrves {Coon's patehes).

Mathematical deseription of all the groups mentioned together with their advantoges
and disadvantages will be a part of my contribution. In short, patelies of the group (1} are
niore convenient for coputer programiming, but it is not passible to create a model which
ennbles large changes of their shape with respeet to the given boundary. On the other hand,
the patches fram group (2) are reverse. The main advantage is a possibility of various shapes
with respeet to the given houndary. The disadvantage consistz in more complex computer
progranuning.

The choice of malhematical models for the boundary curve of interpolation patches
depends on information aboul modelled curves we have at our dispesal and reguest on
their geometrical shape. For simplicity and with respect Lo the tine aceded we often use
expression with polynoms,

In the use when the boundary curve is only known by indivilual points oltained by
measurement, the best way is Lo creale its mathematical model by meanx of regression
analysis. The ndvantage of regression methods - with respect 10 the other interpolation and
approximation methods - consists in the minimalisation of randor errors of measurement,

A lot of regression methods how to find a mathematical model (equation) for the bound-
ary curve are known. In comparison of evaluation of the regression nictheds and with respect
Utk simplicity and time consumption showed, the most efficient methods are:

ire stepwise regression method

2ad

the method of least squares.

In the case of the siepwise method the power polynom with limited conditions is nsed.
We introduced two Lypes of lincarised functions for the least sgunre method. The required
geomotrical shape is reached ty Lhe choice of Lheir optional constants. This choice is running
automatically after the geometrical descriplion of the curve in a computer. On fig. 1 a part
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of surface is shown. "This part consists of three patclies. [n my contribution will be shown
the mathenutical shapes of individual models tosether with their asage.

Fig. i:
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This paper is a continnation of [M.where the basic propertics of the velocity and ac-
celeration ficldy of 3R robot-manipulators have been deseribed, We shall show that boeth
velocity and Coriolis aceeleration operators are connected with quadratival surfaces.Let us
have a 3R robot-tmanipulator determined by axes Xy, .X). X3, see Figl.Let us consider an
instantancons position 17,2, Y5 of these axes, Then the velocity operator § for this confi-
gnraiion is given by

Q=)+ w;‘:',- +h."1Y:) +
the Coriolis acceleration € s given by the formula

C =Y % Yeopwr + ¥y % Fropey + Y7 % Y3unan,
¥; % ¥} is the cross product of Plicker counlinates.see {2], The velocity apetator §) is always
a lincar combination of ¥, Y. ¥y This shows that we have to work in the G-dimensional
vector space by of acrews. It is the vector space of all pairs (# §) of ordinary vectors of the
Euclidenn space £a. Vi contains Plicker coordivates of all wtraight lines of Ey. Their image
i called Kleins quadratical hypersurface K,

Let us amsmue that the direction vectors Fy, Fp Fy of Y1032 Yy are independent. All
velocity operators {2 for the given configuration 3. Y5, Y3 generate a 3«dimensiounl subspace
V5 of V5. The intersection of B with 15 s a niled hyperholoid Q..

@, ix conmected with the velocity operator and it is nniquely determined by the instan-
lancous configuration 13, Y2, 3 of axes X7, N7 X of the robot-manipulator,We shall call it
velocity quadrics,

We hiave similar sitnation with Coriolis accelerntion.According to (2) the Coriolis acce-
leration operator € for the given configuration ¥, ¥3. 3 lies in the J-dimensional space 1,
generated Ly screws Yy % ¥4, ¥y % ¥3,¥3 % Yo Let us denole @, the quadratical surface
obtained ag the intersection of Wy with K ,we shall call it Coriolis quadrics. We can prove
that the Coriolis quadrics Q. is independent of the chojee of serews ¥4, Y3, ¥ in the subspace
Wy, Therefore the connection between €, and @, is independent of the choice of serews
which determine them and we can chioose serews corresponding Lo axes of @,.. We show that
Q. and Q, have the same axes. The equation of Q, in eanonienl coordinates is

ot gy o+ 0y oy = 0,

Iengths a, b,c of axes of these surfaces are not in general the snme Relation botween these
quantities is Lhe following:

Q: d=un F=om d=an
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Q: a=(ntelntn) F={utalon+tr) & =(m+o)n+n)
Classification of velocity and Coriolis quasdries s given according 1o different values of
Ot ly.

1) ttats # 0.Q. is a one sheet hyperboloid, For Q. we obtain the follmeing possibilitics:one
ahpit henepholaid two plases, one planesnny set,

2) vy # 0.0y = 0. Q, cunsists of Lwo peucils of strnight Tines, (. is one sheet hy perboloid
or ). consirts of Lwo pencils of straight lines,

Figure 1. Figure 2,
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THE INDICATRIX OF DUPIN
OF THE ENVELOPE CREATED
BY DOUBLE ROTATIONAL MOTION

E. Kopincovd
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Key words: double retational wotion, principal divections. principal curvaiures, indicatrix
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T'he double rotational motion ix a special motion in the space. It is studied mainly in
the relation 1o the theory of gearing, The side of the tooth face i# an envelope of Uhe tool
fare or an envelope of the teuth face of the confugate wheel,

Dwring, the design of Vhe tooth whed it is mecessary also Lo take care abont, the form of
the tooth Face. 13y gromettical means the form of the surface can he described for exanple
Ly the normal curvature at a point of the surface. Good information about the normal
curvature gives us the iislicatrix of Dupin (see [1]).

The articles [2]. [3) [1] deal with the construction of characteristic curves and the
visualisation of the specisl donble rotational surface supported by computers,

Thiz article is loenged on the mathematical apparatus which leads step by step to the
camputation and visualisation of the idicatrix of Dupin of the euvelope in its regular elliptic
and liypetholic points.

The dowble rotational motien is given by the rotation of the systen 'Y across the axis
Lo with the angle voloeity wyg ane the wotation of the system 25 across the axis 2o with the |
angle velocity wpy. We suppose:

(1} Augle velocition wyy and wpy are conmants,

(1) The angle betwoen vectors iy and O and the distance between axes Yo, 20 is not
changing during the motion,

"I'he generating surface on whicl the double rotational motion is applied is fix joint with
the system 'E, [t ereates a oneparameter family of surfaces. We suppose thal the family
of rutfaces has its envelope,

The iudicatrix of Dupin of the envdope is crented in the tangent plane of the generating
gurface going throngh the contact polut of both surfaces. If the principal dircctions and
principal curvatures of (the generating swiface, the common pormal veetor and parameters
of the double 1otational motion in the contact point ate known, the curvatitre of the envelope
in the chosen direction can b computed.

Denote:

#i - common unit vormal veclor of hoth surfaces.

F - poeifion veetor of the contact puint,

@y o= S = D

ifyg - vector of the relative velocity in the contact point of hoth surfaces,

& - normal curvature of the generating sneface in the direetion of the vector T,

& - normal curvature of the envelope in the direetion of the vector 7 + g
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The relation between enrvatures of both surfaces is given by the lallowing formnla fsee
By

AT+ P ma P =B 7 By ) e A (T +Fx o+ ) ) =0

Principal dunections amd prinmipad carcatuns P b evodbane can be compaited from
projective propertics of the regular central conie. Conjugate diameters of the conic create
the imulation of cotjugate directione, Axes of the conic coiucide with perpendicular pair of
the involution. Lengths of semiaxes can he computed from the equation of the conic sfter
suitable transformation of the coordinate system.

The algorithin hias been wsed for writing programs for computing and visnalisation of
the indienatrix of Dupin of the envelope ereated by the motion of the rotationa) serface.

The generating surface and the part of its envelope iy shown in fig.l. g2 show the
indicatrix of Dupin of the generating surface and of the envelope in is hyperbolic poim.

Fig. I: Envelope Fig. 2: Tndicatrix of Dupin
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MODELING SURFACES
WITH “MATHEMATICA” SOFTWARE

J. Cerny
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Key words: Mathematica, 31) ploting, surfaces

1. Introduction.

A very tmportant 100l in 1oday’s engineering world is the simulation. 1t is very impor-
tant to introduce stnlations imo the curricnla at technical nniversities, fa~ xample also
into mathematics courser, statistics conrses. tmerical analysis, programm 1 and geome-
tey conrses, The iden of ning sinmlations in teaching ix connected with a w approach to
teaching in general. There are many studivs concerning the use new teelmology in teaching
supported by compnters, also in teaching mathematics.

We cian ases the art of simalation in the ares of geoaetrieal modeling. For this purpose
we have useed o very Jiexible mathenmtical software ealled Mathematica, Mathematica is
a proeral software systens for doing aumerical, symbolic and graphical conputation. The
work of the grant funded reseinch group s concentrated on first year cotrses in geometry
and programming, The inin results of this work have been prosented in [1] and [4). These
papers are the experinental manneseripts for students which will be used in the second
senwster of the school year 191 - 93, More detailid information will he given at a seminar
in January at the Department of Mathematics in the Faculty of Civil Engineering.

We present soveral topies from a pimt concerning, modeling of surfaces in 313,

11, Viewing by Mathematica

The standanl screen view in Mathematica is the general pesspective viewing. 1f we
project i 31} obieet wo join 3t with o zyatem of coondinates in space. ‘Ulis aystem we can
represent by a cabe (Vitieing Cube). “The origin of this system is the center of this cube and
the coordinate axes are sketeled in Fig.l, Every 31 - object is immersed in another cube
(Objeel  Cube) which has the smne conter, The scaling on the coondinete axes are defined
such that the edges of the Object Cube lave parmueter between =0.53 and 0.5. The viewing
cube has an odge lenglit eyual 10 2,

.

>
¥

™

lig.1
We van change nsing a special oplions the lop - view, frunt - view, right - and left -
Tanel wiche view, We can present an axouoinettic view ioo,
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III. Modeling of surflaces.

The main result is the work on a gallery of surfaers, In thiec gallers we present, as well
as known surfaces. alsos special ones, We vse Methematica for the sketching of simple vaults
{e.g. cross — vault and cloister — vault) and simple roofs (slant and pyramidal roofs, see
Example L), Tise thaee dast patiis o the diuieeniied pesont wiefs o of evodetion, qundratie
surfaces and ruled surfaces (see Fig. 2).

Example 1.

Infi} := afrop] = 1~ Abslr):

= Yray] o= 1= Abf2y):
= droy] = T~ MaclAbslTo} Abs{Ty] ):

nf3) = resle.y) i Maz| alr.g)beghelen ) |

Inf3} := Plot 3D|rez(p. 2] {r, =03} {n. =2,2}, ders - > Faler, Hored - > False,
Ticks = > Noue, PlotPointa - > 31, Boxftation - > Aulomulic,
Plotitanye - > All, VieePoint -> {18, =24, 1.5}, Shading —~ > Falsed;

Fig.2
The manuseript [1] presents many similar cxamples fur students.
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TWO CONCEPTIONS
OF THE DIDACTIC USING
OF COMPUTERS
IN TECHNICAL MATHEMATICS

V. Bened, 5. Vavra, C. Zlotntk
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Karlovo namésti 13, 121 35 Praba 2

Key words: 1echnical mathematics, teaching progrmim, mathemitically oriented software

Taday, it i genorally aceepied fnct. that the wse of computers is an important part
of mathematical comses at technical nniversities, Fhis orientation was also ackuowledged
by the leading European mathematicians - authors of the well-known document {1). In
this paper. we want to discuss Lhe two conceplions of passible didactic use of computers in
technical mathematics and point ol the necessity of the synthesis of these Lwo conceplions.

Computer as n teacher,

A computer capnot, of course, substitute a teacher and Lake the respousibility for the
process of education from him. But teaching programs can undertalic some of the teacher’s
activities and allow 1he teacher Lo spend more time on creative pedagogical work. Computer
aided instruction can have many specific advantages. This has been proved by fourty years’
experience with programiued instruction and teaching machines. The most modern ways of
computer aided instruction, for instance the use of multimedial teaching systems, build on
this experience. In the ficld of technical mathematios we have contributed Lo this process
by developing seveial teaching programe and finding out some new fuformation. Wa have
also understood Lthe character of Lhe ohstacles which don't allow higher increase of the
use of computers in Lhe role of a Leacher. First, the development of eaching prograins
is expensive. Moreover, when the content of 1eaching lessons or the teaching conceplion
chauge, it is necessary 1o innovate the teaching programs. Generally, also the reluctance
to change approach and habits on the part of the teachers, represcnts a great obstacle in
making the teaching process more elfective. Intensity of the control of student’s learning
procesa is still an open question. We find usclul the teaching programs with gradued help and
with selfregulative branching nodes (i.c. adaptive programs, with lesy directive handling),
destined mainly for the students of lower classes. [2] Now, onr students in the first year
of study use dozens of mathematically oriented teaching programs (video-prograines or
programes video-compuder) in specially equipped laboratories at their own discretion outside
their regular timetable.

This way of "automated consultations” swems Lo bee oplimal in the present-day full-
tne sindy. Likewise. there are no donbis of using these programs elfectively in ext ra-mural
study and refresher conrses, because it is also financially advaniageous both for Lhe students
and firms.
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Computer as a tool for mathematically oriented activity.

Together with the availability of powetful compnting systews for slacational purposes,
& poastbility for the studente to run sell-written, toacher-written ot profesdonally developed
programs has appeared. A qualitative change of this decade is represented by the tools of
“mathematical software™, de eloped professtonadly iy wotld sultwae prodinceps, Thiskind of
software inclicle: Mathematica, Maple. Derive, Famalus sl Job of others. They are noted
for their high professional level, wser-oricmtation when solving the problems of mmerical
mathematics, computer graphics and, most of them, also of syibolic mathematics, The
introduction of these tools ix a “shock™, which, purtinlly, disiracts teacher's mtention off
ether problems, It is undepstandable, bevause “mathemationl softwarn™ brings about a
change in the contents and aim of weaching technical mathematics, enpeciadly in theoretical
knowledge. criteria of existrnce. uniquenes:, convergence and otherss, This involves a great
organizational and methodical effort. Our two-year experience (3] in teaching with the help
of Famlux {and relaterd experience of our colleagnes with other systems) shows a lot of
new possibilitics, which these syatenms provide in teaching mathematics. AL the same Lime,
other problents appear. Cotrparing compater in a rolee of a teacher 1o the mathematical
software systems. these don’t demand anything from tie students directly and tiey don't
vontrol and check theit activity, The softwaze systems 1epresent so to say a < of "magic”
offers of avatlable mathematically oviented setivities and 31 s left 1o the user whak he
will do whithy them. We fonsd ont, that the stwdents witho goidante. tey to play in a
pointless way or to solve a given problew by “trial and error™. Paradoxically, the following
approach appears among the students: minimize wathematical theory and overenphasize
the comptiter capabilitiex,

Conclusion.

Teaching progratus o e one hamd amd tools of "mathematical softwaie™ on the other,
can, with certain simplifications, represest 1he 1wn extieme conceptions of controfied teach-
ing - external control and anto-contiol, The prospects are in reasonable synthesis of the lwe
conceptions, Now it is by the teachers jnterventions, when working is the computer labora-
tary with a sgall growp of students. lowever, i the fature, the teacher™s capacity may not
e aufficient, Ve shoubd coneern onpselves in anvance witl the conception and development
of such compuiet teacimg programs that would take aver this role of a tencher.
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PHOTOCHEMICAL PROCESSES
IN Hg,Cl, CRYSTALS
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1gaCl; crystals are formed by Tinear chaing of molecules Cl-Hg-Hg-Cl oriented parallel
to axis c. The intramolecular honding 1ig-Hg is covalent while the hond of this core with
the cldorine foms is jonic with a partially covalent character. The bond between adjacent
molecules is of van-der-Waals (ype,

Nl crystals are photosensitive, if exposed to UV light at RT, they decompose inlo
Hg amd Hg(ly. The aim of this work is to study the formation of the lnminescence centres
responsible for infrard (IR) emission between 0.80 and 2,25 eV,

Measureiments of photo-lumiuescence are performed on as-grown samples and on sam-
plis previowsly exposed (o UV light at {T. Using a non-linear least-squares approximation,
all emission apectra are fitted with linear combination of Gaussinn curves. The parameters
of Gaussiaus are found as follows: {1) maximal intensity at 1L72 eV (F\VIIM at 033 V),

(23 151 oV (0,32 oV), (3) 5239 oV {IL2S oV, (1) 1323 eV (0.3 eV}, (5) LG oV {0.25 V),
and (6) 0.82 oV {021 oV),

If we consider the |||ml¢nlt'run||msmon 1fg,(1; — Hg + Ilg('lg then the lirst candidale
for IR emission could be HgCl; moleenle, However, this model of luminescence centres is
excluded i conregquetce of olserved HgCly moleenle and IR luminescence disagreement.

The other pursible photodissociation process can be descrilnsd by the reaction

Ng;Clz — (HgCh)™ + g + CF

where Hg(1) is transferred 1o the {11, Sinitar reaction can give vise to (11gCL3)* complex.
Becanse of a lurge concentration of Br in 1g2Cly erystals, one can suppose thet some chlorine
jons are substitued by bromide ions to form complexes (HgClBra-, )~ and (HgClBry_,)*".
Thes: complexes are setious candidates for the IR hinnineseence, consequently great variety
of the IR emission spectea of HgaCls is 1o e expected, that is in accordance with onr results.

Excitalion spectra of HpCly for as-grown crystals are shown in Fig.1. The interpreta-
tion of these spectra is complicated because a calenlation of the electronic band structure
of HgaCly crystal has not yot been perfurmend. Kleter and Wadt [1] presented valence bond
caleulations for the ground states of Hg ('ly amd Hy;F; molecules only and estimnated the
cxcitation energies for some excited states of HgaCla, These reanlls support an interpreta-
tion of the ohwerved spectra becanse in molecular erystals the electron levels of free molecule
will etnerge as excitons, Due to the erystal field, these clectron levels will shift o the lower
cihergios,
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Fig. 13 HgaCl; excitation spectra of argrown erystal at §0 K 1aken for the emission photon
energy indicated in the figune.

We have determinsd the exciton energios in Lg €l and Hg:Brz cevstals from the pular-
tzed excitation spectra for the blue emission, Comparison of ealeulated excitationg, that give
rise to dipole-allowed transitions ina fiee HgC)y molecnle, with experimetitally determined
exciton etergies in HgCl; and 1gyBry crystals is reported in Table 1,

Excitation AFE(molec) K{1lg,Cl;) E(ligaliry) Polarization
[eV]) V] [eV]

40, = J7, [ 5} 415 159 ER

doy = oy, 6.62 110 157 i

2, = oy, 700 440 3.3 L

Taly. 1: Comparison of the calenfated excitation energies for tie low-lying states of Hg:Cly
molecnle AE{molee) [2) with expesimentally determined exciton encegies B{NgaClz) and
E(HgaBr2) of the respeetive erystals. Ditecliom of the transition momenis are referred 1o
the molecnde axis,

Beeause HgaCly crystals contain & large concentration of hromine, the g i3r; molecuies
are present in Hhe HgzCly matrix and can be excited separately, 1t is concluded that centres
respousible for 1R R, Cly ctvisstons can be exeited through three difeient channels: (i) via
excitons of HgaCly (4,10, -1.18, and 440 eV, corresponding to the 6y — 7., 0, — oy, and
7y — @ Lransitions of the lree NgaCly moleenle, respectively), (i} vin exeited states of the
isolated HgzBry molecules (near of 354 and 394 ¢V) present in the Hg,Cly evystals, (i)
resonantly in the specific excitation bands (5.35, 3.7, and 3.51 ¢V) of the dt'l'm.:l centres.
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TEST EQUIPMENT FOR MEASURING
MINORITY CARRIER DIFFUSION
LENGTH OF SI-WAFERS
IN ACCORDANCE WITH ASTM F 391
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Key words: surface photo vollage, lifelime. diffusion length, minority carricrs, semicon-
ductors

The ptesenice of lattice defeets amd contaminating atoms, especially of heavy metals,
inflnences the lifetine of winority carriers, which miy drop from the originall several thou-
sand of gre i 1he as-grown woneceystal o only a few manoseconds in wafers contaminated
infentionally or accidentally by Pt, A+ or othier heavy tmetals,

The surfare plto voltage (SPV) proved to be a very <ensitive and accurate testing
method. and win thewefore inclnded inte the ASTM standand methods [1). With 5PV,
light pulses mpinging vnto a silicon wafer ave absorbed and they generate excess minority
carriers. Those cavriers that diffuse to the sugface alter the surface potential by an amount
called the surface photo voltage,

Surface photo voltage measuternents 1o asess the diffusion length of minority carriers
can be carried oul either with constaut photo vohage at various wavelengths, where the
photon flux almorhed at the silicon suface is the measured quantity (method A in ASTM
(1. or with constant plioton e at various wavelengtlin, wheie the developed photo voltage
is the measured quamity (method B in [1]).

The measuting 0ot developed at our Departinent of Solid State Engineering nses method
A Monochromatie light through filters from as incandescent lamp is focused onto the sar-
fave of the investigated wafer Uwough o glass plate, on which there i3 a conducting, but
trunsparent il of indinm-tin oxide {I'T0}) serving ax capacitive inpus ¢lectrode for the
preamplificr,  Botween the 10 electiode and the sapiple sutface there is an adjustable
small aic gap 1o prevemt diveet contaet of wafer surface and 170 electrodee. The light beam
i» modulated with 70 1z by a rotating light chopper, pant of it being deflected by a 15°
oriented glase plate as hewm splitter onto a silicon photo diode for monitoring the light Aux,
I mwethod A the light Aux is controlled either by an adjustable aperture in the parailel
beam, or by eurpent adjusient of the light sonrce in suclh n way as (o achieve a constant
photo voltage output at cach selected wavelength fiom the filter wheel.

The hasic telation nsed to evaluate the diffusion length L is

Wz consd, (V4 8L/ DYV (a4 L)

If the absnbed photon flux & measured at an atbitearily selected bt constant photo
voltage U is plotted against the reciproval absorption coelficient 1/o at the given wavelength,
a straight Tine can be deawn through the measuring points, which intersects the x-axis at
-1fa =L. The inclination of this line depewds on the surface recombination velocity s but

b
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it docs not, alter the value of the dilfusion Iength i, even if the SPV is diminished by high
4 values. Mt &5 the great advastage of the SPY methodd that it i suitable to measure the
diffusion leagth independently of e smfacs vecombination,

The finx of 1he absorbed plotons ®y ol the wave kengtle A iy be compartedd by

Sl SR TR N LA

where ky, is the correction Factor for evaluating tiv incidowt light fux from the pliuto diode
response, {1-R) are the reflexion losses at the waler sttface and Ucotst. i the surface
photo voltage held constant by adjusting the light source, The correction factor kx must he
experimentally evaluated before beginning of the measuement proper, By tieans of & type
of Zeiss vacnum Usermacouple the Bight intepsity Iehind the 1T0 efectrnde was measured
together with the responze of the type 1PPT5 photadiode at the varions wavelengths of the
filters with constant lamp carrent.

As a firt vemion the measuring set waw desigined for manual control, aminly to prove
the feasibility of the method mnd to gain expedence. 1t consists of an optical hench mounted
on the cabinet containing the pawer unit. lamp current stabilizing systein and digital panel
voltmetery for reading ¢ and (.

In rentine measurements, the plicto diode response Uy, at X, ineasured at constant SI'V,
in fed into a computer with a prugram for graphic wepresentation of the linear eponse carve,
using lincar regression, giving the diffusion length and the coctlicient of determination r to
show the quality of the fit.

Surface ciching in CP for obtaining low swrface recombination and in consequence
high SPV respouse. proved to be indispensable,  Expecimeats with gronnd surface wafers
were not suecesbfulas the SPV was (o0 low,

In the near future it is planned 10 use a smaller fight spot 1o allow mapping of the
whaole wafer with an antomatically movad X-Y stage ated complete compmer control of the
whole measuring cyele,

References:

[1] ASTM Standard test methods for minority canier diffusion length in extrinsic semi-
conducions by measirement of steady-state surface photo-voltnge, ASTM F 391-00a
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MEASUREMENT OF DEEP LEVELS IN
POWER SILICON DEVICES
USING TSC METHOD
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Deep levels in semiconductors are situated near to the mididle of the cnergy gap band,
They can be formel by local crystal lattice defects or by impurities such as Au, 1, Pd, Fe
ete, They huve an influence on the lifetine of electrone and holes /17, The recombination rate
of clectrons and holes determines the most important parameters of power silicon devices,
The lifetime of carriers has a0 big influence on curent-voltage chatactetistios and on the
dynamic behaviour of deviees, It is possible to reduee the carrier lifetime with approprate
impurities dilfnsion or with the ercation of Incal defects by electron or ion irradiation. On the
ather hand, some conters may even cause deterioration of the reverse device chisracteristics,

Each local recombination centre may be deseribed by one or more deep enetgy levels
with the chacacteristic capture coeflicient for elections and holex and tie concentration of
centres.  For measnring these parameters the methods of DLTS (deep level transit spee-
trorcopy) or TSC (thermally stimulated curremt) ean be applicd,  For the determining of
a dominant deep level, another complementary method can be used [2]. With pespect to
the possibility of a complex measurement of all deviee characteristics including deep level
diagnostics on a large arva of structures of power semicoicdnctor devices, the TSC methad
has been wsed in our research. The basic procedure of TSC measoring is the fotlowing,
The sample iy cooled down to the temperature of lidd nitrogen. The leveln are filled with
cartiers with forward enrrent. A reverse voltage bias is applied and we measure the carrent
while the temperatire increases, The caplired carriers are released at a definite tempera-
ture, whitch resuilts in a enerent peak. The position of the peak depends on the energy of Lhe
cuntre, the area is proportional to e concentration of contres in the space charge region,
The shape of the peak depends on the rate of temperature rise. From the spectrum of peaks
it is possible 10 determine the energy level and the capture crosy of centers presented in the
structure of devices.

A brief description of TSC mensure instrumoent:

The cxamined sample with diameter up to 30nmm ix factened to the basic copper board.
On this board a small diode is also fixed for the measmement of the temperature, The sample
is cooled dowy with liguid nitrogen, For heating there are slotx in the board, through which
flows dry nitrogen. Tlwe released gas also protects the deviee surface against wetting, The
rate of Lemperature rise is regnlated with tie quantity amd temperature of the gas. Batterics
have been used as a souree of reverse volinge bins and a voltage source for the input amplifier,
In view of the fact that the input signal ix very low {1-1000pA), it is necessary to use large
amplification and very good shickling. ‘The sample mnst also be prolected against light
to remove the photovoltaic effect, which would form a background and make impossible
to distinguish small peaks. The rample temperature and reverse current are meastired
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simultancously using a mmltiplexor and a 12bit A/D convertor, Data collection is directed
by a I'C computer. in which futther procesdng is possibie,

The corrert function of the applivnce wis checked by commpnricon to the levels mepstired
by the DLTS methodd. An example of a measared TSC spectum in demtonstrated i the
figure helow.

s MTAEML: 2
T.X  L.ea
] M =27 Kis
300+ so0 By = 0,96 Kis

T T )
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(2]
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Q

Fig. 1: The TSC spectriu of the diode struetme diffiserd with Pl
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Mieroatrip gas chinnbers (MSGC) have gained & lot of interest i the field of clenwentary
particles detection due to their key features: good position accutacy, kigh rate capability
and low cost. They are cne of the main candidates for Leacking in Lhe experiments built
at the new generstion of accelerators, but there also exist a lot of prumising possibilities of
MSGC application in moedicine, technology and other ficlds. The most serious problems of
MSGC manufaciuring technologies are oblaining stably operating detectors with suppressed
ageing and charging up and availability of dedicated, ligh specd andd bigh density ceadout
clectronics,

The ASGC consists of thin anede and cathode metal strips laid on insulating support
at o distance Lypically between 100-200 gpm and an upper drifi electrode which defines a
gas volume in which the ionisation to he detected is produced. \When proper potentials
arc applicd to the electrodes, 1he clectrons released and multiplicd avound the anodes are
collected and registereil by the electronics. MSGCh show very promising features:position
nccuracy of an order of 10" m, high rate capability, cnergy rezolntion of about 10%. fwhm
for %*Fe 5.9 keV X-rays and proportional gains up to 10'.

The properties of the MSGC substrate materals are erncial for a stable operation of
the deteclors. The major characteristics are: moderate surface or bulk rusistivity. high sta-
bility of performance under high veltage, good surface quality and metal adhesion properties
and low cost. Previous experiments proved that commercially available insulators with good
surface quality and high resistivity of an order 10" Z.cm had snbstantial gain instabilitics
during sustained irradiation. This effect is attributed to tie modification of the electric ficld
caused by substrate polarization and by the charging up of Lhe insulator between the strips
duc Lo the accumulation of positive iona.It was also demonstrated that a stable operation of
MSGC can bie obtained by reducing surface resistivily to 10M-10" Qfsquare. ‘This moderate
resistivity can be achieved by surface conditioning with ion implantation, by deposition of
a thin film of semiconducting glass or by using material with low bulk resistivity.

OQur work was concentirated on studying of deposition tecdmology and physical propertics
of silicon polycrystalic senticonduling films (S1IPOS). We studied Lwe types of deposition
processes: electrou beam evaporation of silicon in an oxygen atmosphere (1075104 mbar)
and simultancous evaporation of silicon oxide from a heated evaporation source and electron
beam evaporalion of silicon.
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The thin films deposited by the first of the above mentioned methods showed an un.
acceptable teproducibility of their parametens. The main 1eamon of this wies the wastable
evaporation rate of the, silicon . Simulianeons evaporation of Si and 50 was perforimed
under fow pressure {less than 1073 mbar} and therefore bath high deposition rate and its
goad reproduribilty were achieved, The silicon deposition rate was 2-1nmfmin. The value
of 51/S10 mans ratio was estimated by means of s orestal thickness measuring mstiament
and also by separate thicknes measarement of 87 and SiQ thiv filws in properly shaded
points on the sibstrate, Resistivity of the s was measmed by means of the clectrodes
systemn evaporated on the substrate before Sif5i0 film deposition,

In the Fig. 1 we present results for one gronp of the samples. Taking into account all
our results, we can conclade that renistivity of the fifms is decreasing for growing content of
silicon in the Gilm and in case of xamplens with flm thicknes over 0.5 gm and higher $i/5i0
ratio the rewistivity conltl be of the order 107 2/aquare,
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Fig. 1

Thin rescarch has been comductsd at the Department of Malerial Engincering, Facnlly of
Nuclear Seienee and Physieal Engincering and al the Depariment of Physies, Facalty of
Alcchanical Engince ving and has been supported by CTU grant No. {8212,
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BULK GAAS RADIATIuN DETECTORS
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Bulk GaAs material, a wide bandgap semiiconductor, shows polential as a room tem-
perature detector. In order lor semiconductor material to be useful as a radiation detector
at room temperature, its binlgap must be enough wide Lo inhibit excessive leakage current
due to thermal carrier generation. The bandgap of GaAs is sulficiently wide to allow for
room trmperalure operation amd its average atomic number is equivalent to that of germa-
ninm, the material witlely used in gamsna-ray and charged particle spectroscopy. Besides
germanium. the silicon hag been widely aeed in deteclor fabrication and it is used in the
majority of charged particle operations. Both germanium and »silicon have a considerable
diimlvantage of a small resistance against radiation damage. 1n addition, germantuin must
Ins operated below 150 W to eliminate the offects of thermally generatcd leakage current
nuist, In ghort. besiden properties similar 10 these of germanium and silicon, GaAs has the
following advantages:

® it allnes for room temperature operation

o it can be wed as a position sensitive devie

» optoclectronic cincaits can be integrated on <hip

o it is highly resistant against any racliation. for example aentron hombardment.

‘Fhe invertigation of GaAs as a detector mnaterial detes back to the lale 19605 and carly
1970< (1}, At that time, epitaxial growth was the only means available to produce high
quality GaAs Inyera, bat the Jatler are generally limited to less than 100 um, which is insuf-
ficient for the gowd funclion of detectors, especially for indicating highly energetic charged
particles, At present, the high quality semi-insulating (iaAs grown hy LEC method has been
developed. Using very high asistivity bulk material allows to achieve a sufficient thickness
of depletion ayer, The high resistivity {(about 10* $.cm) is achieved by compensation of
background impuritics, The compensation is accomplishied by the balance between residual
carhon shallow acceptors and the native defects deep donor EL2.

Electric lirld

The eleetric properties of detectors are controllenl by 1he intristic compensation mech-
anistn andd by the density of traps, impuritios, and Iattice defects in the bulk. The clectric
lickl in e detector is generated by the built-in and applied bias voltage and it depends
on the concontration of donvs, acceptorsaud deep levels EL2 The deep levels EL2 are
just helow Fermi level |2] and are jonized when their energies stay below Fermi level. The
electrie field can e solved by using Poirson cquation and in Uhe ease of presence of decp
levels it shows two diferent regions in the depletion layer. The first one runs froin Scholtky
contact and the eleetrie field decreases with a constant slope, From this point where the
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EL2 arc completely ionized, the space charge density changes slowly to zero, and the same
ie true for the clectric field [2].

To obtain the knowledge abwut the shape of vl tiic field within the depletion laver, the
mensuremesits of the capacitance in the Schottky barrier have been tued. Ax it is known, a
plot of reciprocal capacitance squared €2 va bina voltage V riclds a straight line when there
is no gradient of impurities and their ivzation w indepeanivni of tha fest Ggned feranency,
When there are some deep levd impurities in the bulk material, they contribnte to Lthe
space charge density in the depletion layer. The change in applied bias voltage results in
redistibution of the space charge due to the jonization of deep levels which are not able o
respond to the test signal. Qur imeasnrements show that (7-7 vs V enrves are not linvar and
their slopes depend on Uhe test signal frequency. Thix fact confirms the asanpiion about
the double-triangutar shape of the electric ficid in the detector, I can be conchuled that
the clectrie field decroades rapidly from Schottky contact. and that the diodes are not fully
depleted,

Detectors [ahrication

The GaAs material used for the experiments was obtained from Pogasne Lid., The
Slovak Republie, in the form of the walers with thickness of 350 gm. The crystal, which
the wafers were cut from, has a (100} orieatetion and it was uncdoped. §ts psistivity was
higher than 10* fl.cm, Hall inobility about G000 cm®.174a"), Unfortupately, we have no
knowledge about the lifetime of drift elections on which the colleetion efliciency of detectors
depends 1o & great extent, The Jatest detectors were made nearly in the same way as those
mientioned in our lakt year's peport [3]. To improve propertios concerning excessively high
leakage curremt the silicon nitride was wxed itstoac of silicon dioxide, Thw ohmic contacts
applied were based on the solid state reaction between Gads and AuCGe and they were
prepared in the same way as in [3}. The Schottky contacts were made again by evaporation
of Ti followerd by £t and Au. The deep level concentration in the uew: materinl obtained
waa supposed to be lower than that in the material nsed last year, The mensuvements of
charge collection efficiency and of capucitance (=4 vs V confirm the assutaption conpcerning
two ranges of electtic fiedd i the detector, and lower conceutvation of deep levels in the new
miaterial wsed.
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Semiconductor detectors of ionizing radiation which are solid state analoguces of ioni-a-
tions chambers are versatile deviees with perspectives in nuclear physics, high energy physics
and their spplications. Among 1=V semiconductor componmds the most promising mate-
tinl ol present is gallinm arsenide {GaAs) 1], mudoly because the GaAs detectors are the
best eandidates to suevive in an experimental cnvironntent imposed by severe radiation in
nuclear experinents, The prsented wsulis of GaAs program have grown from research
which starled in 1992 with the support of CTU Grant No. 5101 (2, ).

teing technology available at FNSPE CTU a series of simple GaAs deteclors were
fabricated and tested with the ajim to anderstaxd the properties ad linitations of these
simple, pad detectors. GaAs detectors were manufactured wsing improved quality substrate
material (undoped material with significant 1y higler mobility of clectrons which is equal 1o
G500 en?V a0,

Tl wiain aim of the instrwmental part of the tesearch project is to investigate por-
fornvimee mvd Tonitations of produced single pad GaAs detectors and compare their spee-
troseopic amel tiine chacacteristics with siarilae 5t detectors. Their response and resolution
hiave heen tested with energetic protons and deuterons on a Van de Graal accelerator. Some
reaults of experimental tests of the GaAs detectons by the proton and deuleron heams are
presenteed in Fig, 1 (amplitude spectea of 0.6 MeV and 1.5 MeV protons and deuterons) and
in Fig. 2 (peak position as a function of proton energy and applicd detector biak), These
data are uzed for the dexcription of mechanisim of the charge collection.

Overall goals of the project for 19951996 perind can be sumiarized as follows:

- in couperation with CERN RD-8 collaboration [1} 1o patticipate in the developing
of convenient materials amd 1echnology for prodnction of pad andfor strip GaAs detectors.
The crucial technological problem in developing 111-\" compounds for detector applications
is to provide strongly compensated materiabs with figh mobility;

- Lo investigate parameters of proditeed detectors by standard and special speciroscopic
techniques (determination of efficiency and resolution for charged particles and X-rays,
charge collection, timing propertics and yoise stuclies with eoincidence techniques). ‘The
reanlis of the project are expected 1o e a contribution into the ATLAS experiment on LIC
in CERN M),
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During the last year work has boen oriented to the following:

Spectroscopic method for determination of radon danghters in the air by mwans of short-
time sampling was developed [1]. This method makes it possible to determine the state of
noneguilibrinm of radon and thoron gases with their davghters in the air.

- Prototype of multichanuel analyser with dynamic memory controlled by microprocessor
was buill [2]. The apparatus was tested by continmons measurenwnts of radon amd thoron
daughters using cleetrostatic collrction on a Si detector (see Fig 1).

- Development of electrostatic collection metliod of the radon nd thoron daughters contin-
ued, Electrostatic chambers with volumes up to 100 were built for vontinuous measureinents
with collection of the daugliters dirrctly on the surface of 5i semiconductor detector, Elec-
Lrostatic chamber {volume up to 1) for single short-time sampling measurements of radon
in soil air was designed and tested 3],

~ Long-term continttous monitoring of raclon and thoron daughters volume activity in the
air has been carried out with callibrated continwous apparatus in a laboratory and in an un-
derground room tu the CT'U FNSPE building. An exatmple of one mensurement is shown in
Fig. 2. Superposition of daily aclivity variations on some long term changes can be clearly
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observed. The comyparison of these nsults with weteorological data records (Lemperature,
atmospheric prossure, wind, ete.) will be perfonned. The value of ln cquivalent volume
activity during the periud Moy 91 - Sep 21 varied between 208q/m® and 1508q/m®, the
average value is 628 m . The ratio betwoen 2280 daughters and 2 Bo dauginers activi-
ties varied between 0.8 and 2.0, the average ratio is 1.62

- Parallel monitering of vadun Bas Devn sfazind s Koba peninaila (Bussia) to investigate
geaplusical aspects of radon release. Thetey tie equivident volume aclivity of By varics
botween S0 g/ and 130089/ m*.

Measured: 30.06.864 17:10 - 15.07.94 &47
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Fig. 2: Comtinmms ieasureiment
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The development of methods for ¢lectrostatie collection of radon decay products con-
tinued (1], Various technical arrangements of electrostatic collection chambers, including
collection on <detector surface and on clectrudes maintained on high polential using capaci-
tors, were devised [2]. The aim of thewr experiments was the development of instruments for
ratlon activity measarcinents hotl in free air awd soil air. For direriminating between radon
and thoron products activity alpha spectrometry aml decay characteristic measureients
woere used,  An electmstatic fiekd within the collection chambers was stidied nsing com-
puter modelling. A 500m{ collecting chamber for Ry measurenwnt in soil air was devised
where radon decay products are collected on a circular electrode the potential of which was
maintained using a high voliage capacitor.

As an example, results of the preliminary calenlations of the electrostatic field are
presented in Fig. 1. The Gelds bave been obtained by nwmerical solution of the Poisson
equalion in cylindrical coordinates. Contour levels are plottex] for values {fy = Uy, U; =
Uiey /2, i =1,... intheleft parts of the figures &, b, In the right pars of the figures contour
levels have values Uy = Uy U, = Vo) — AU i =1, N, AT = /N N =40,

The dependence of the effectiviess of electrostatic collection on collection vollage was
determined by measuring the kinelics of IaA collection ou the deteclor surface. Various
voltages were applicd 1o the chamber filled with Rn containing air. Tl results shown in
Fig. 2 indicate that for vollages higher than 1500V a practical saturalion of the collected
aclivity s reached, To obtain information on absolute collection efficiency, count rates ob-
served for air phase Rn4+RaA without applicd fleld were compared with that of electrostatic
collection (see Fig. 3). Absolute air pliase R cowmiting was calibrated by catablishing a
reference to a standard alpha sowrce. The dependence of electrostatic collection yield on
chamber volume was delernined,
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According to the Standard Model (8A1). the nuclear super-allowed F-devay is caused by
only lwo types of wenk interaction, namely V- and A- interaction, another two types (S- and
-} are assumed to he alsent. On the other hand, the existing experimental upper limits [1)
for the preseuce of these interactions are not better than 9% for T—interaction and 23% [nr
S-interaction {at 95% CL). The goal of the present experiment i to search the adiixture
of S-interaction {which would be evidence of the SM breaking) or to reduce the last of the
above mentioned limit to 5..10%, Measarenwat of the (3-v) correlation coefficient with an
absohdte procision of 5% for a pure Fermi transition can improve the present limit.

The fdea of the expetiment s to deterl 3-quanta coincident with 8-particles emitied
in some direction and to weasute the Doppler shift of its encrgy §E, cansed by recoil jon
motion (fig.1). The origins of this recoil are the g-particle and neutrino, so that knowing the
value of § £, and 7, ane can deduce the angles (7, /) and (5, §) for each event and Lhus obtain
the angular (#-#) corrclation cocllicient. This technique should be used Lo jnvestigate the
(#-¥) angular rorrelation in the mumber of super allowed pedecay (inclading pure 0+ = 0F
Fermi transition} of short-lived nuclel,

T 1993, after the preliminary off-line experiment [2] with long-lived ' Na source, the
first oneline test nsing the i e-beam of the Tandem accelerator (IPN, Orsay, France) was
earried ot in arder 10 optimize the experimental set-up and measurement conditions. The
{(*Hc,n)-roaction on the C, (C'H3) 2 8205 and Si0; targets was used in order Lo produce
shart-lived "0, PN and 8 nuclel. For the detection of g and 5 soveral types of Si(Li)
and HPGe detectors were tested. The PC-hased acquisition system connected with SUN-
compter whs also testxd,

1AL present ou & long tenn stay at JINR
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Figure 12 The tea of the experiment

As a resiilt, the Dopplee shift of 1011 keV 5-dine Tollowing the (0 ~0*) Jdalecay of
™ ¥e was observed and the mumerous recottunendations for the ferther improvement of the
solid-target sot-up, s well as on the development of thie gas-tamgel set-up, were obtained.

We plan fo continue our experiments using (wo main (echniques, Fhe first s 2 solid
target tochniqie, The N uncdens (T 355 =17 o, B =24 MeV (T.7%0. B =101 MeV)
will be investigated, To obtain BN the By, and AL Os(50pm) will be irtadiated by /e
beam{10 MeV, 10,30 nA$=3 nun, external beam control). A wew detector chamber has
been prepared at JINR to improve this method. Fourteen conled $ifLi) F-detectors are
mounted in this chamber (instead of fonr as previonsly). Moecover. & aew multi-target
transpo  system is cenpled 1o {hat chamber in order o perbnm on-line measiserients far
away frotu the irradiation poebit thus avolding the deteetor saturation during the beain burst,

The second main techuinue uses gas targets CO and CH (0141 atm) ieeadiated by i/c
beam (12:15 MeV, 10..30 nA,6=5 mmexteinal beam coniral) 1o obtain MO nncleus(T 1z
=70 5, 7 ,p=1.6 MeV (99%)., £.,=2.313 McV'). Using a gas target aned gas Lransport sys-
ter allows ns bo incrase the distance hetween the points of 1anget irradiation and sample
measurement as well ax o reduce the inflnence of 1ocoil slowing-down before 4 emission.
"Therefore it i possible to iuvestigate Doppler shift of 3-lines deexciting rather long lived
nuclear levels of recoil nucks. In the particular care of Y0, the hall-life of such a level is GO
fa which prevents the investigation of this uuclens with solid targets.
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Doulde heta decay provides & very good oppoLunity to study fundamental properties
of the weak interaction. The nentrinoless double lwin decay [ 0173 ) and two neutrino
double beta deeay { 2098 ) are the second order weak processes which convert two nentrons
i a muckus into two protous, 2038 is the normal weak process within the framework
of the standard SU{2),x U(1) model. If the neatrino is a Majorann particle, a second
decay mode is possible { Oy ) producing a nentrinoless fnnl state. 0¢B3 is sensitive to
the lepton number nonconservation, to the possible Aajorana neutrino mass and to the
pesible right-handed admistures in the weak leplonic eurrent [1).

The high rensitivity douhte beta spectromeier TGV { Telescope Genmanium Verlical )
han been developed in cooperation with JINR Dubna, CSNSM Oreay and FNSPE Praguc.
TGV i composed of 16 HPGE detectars in the same eryostat, electronic part { NIM and
CAMAC modules ) angd compmter part ( IBM PC ). Each HPGe detector is a planar type,
sepsitive volume is 1200mm?xGmm. Energy rezolntion for all 16 detectors varies [rom 2.6
ke 10 3.3 keV { (0 ). The double beta decay sonrce (o.g. Ca, '®Alo ) can be inserlod
between neighbonring detectore, The electronic part connists of 16 identical channels, After
registration of the first patticle the time window s is opened and at the end of this window
cach channel provides information about particle energy ( pulse amplitude ), type [ pulse
rise time ) and detection time,

34 decay is a very rare process, therefore special attention should be paid to the back-
ground supprexzion. The following measures ate used fn our experinient to suppress the
background: i) Cn zhiclding { ~20cm thick } + airtight hox; ii) taking into account only
the double cventr from ueighbouring HPGe detectors; i) distingnishing B particles and
¥ tays by different rise times of the detector pulses; iv) measurciment in the underground
laboratory ( Modane, France ).

Cu shilelding protects TGV against the external backgronnd. The detector part of TGV
has been zet inside an airtight box against hackerennd due to R gas.  Detennination of
the # particles and gamma-rays is based on the following principle [2]. Most of the elec-
{eons interact within the surface tayer of the sensitive volunwe of HI'Ge deteetor and v rays
interact with the same probabiittsy within afl volume of the detector. The rise time for the
pulses of particles interacting in the surfuce Jayer of the detector is longer than that for
pmilses of particles interacting more closely (o the center of the detector. A time window of

FAL present on a long tenn oy at JIXR
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10ns duration ix gelected and during this period an inpat signal on charge sensitive ADC is
integrated and digitizod, The distinguiching 4 vavs and 3 patticles provide the suppression
of  rays by lactor 10-20 ( depending on energy of the particks ), ‘TGY was transpoted o
the Frejus underground laboratory, France ( 1000 m water equivalent ), where the cosmic
mier event rate o e £ 02 e 2dar et TR

Encrgy | Kamioka undergr.lah, Lab. Souterian de Modane, TGV
region double double with selection
fkeV] Mode G | Mode A 1 2 1 2

500-600 | 6.61-1077 [9.34- 1077 | LIT-i0~F 1 28 10~% [ 1.05. 1072 ] 2.5.107°
1600-1100 | 2.92. 1072 | 4.3-10-% |2.44-1077 ] 1.0-102 } 3.001 - 10"* | 1.9.1073
1500-1600 § 7.6-107% ] 1.29-10°% | 2.28.1077 [ 5.35.10~% | ¢.6-10"® | 1.2-107°
2000-2100 | 241073 {3.561-107* | 8.31.10°3 [ 7.0-10-* {24 .10-* | 5.0-10-}
2500-2600 | 5.85- 10~ | 2.23 . 10~* | 2.48. 10~ [ 2.0- 10~? { .06 - 10~ | < 2.3- 107!

Tah. 1; Comparision resulis of background measurements in Kamioka and Modane nnder-
ground laboratorics ( in events/hourfem ¥ ) { Mode G = with nitrogen gas civculation, Mode
A = mnticvincidence with suriomnding Nal detectors, | = with foils, 2 = withont foils).

Several series of background cwuremients were carricd out in Dubna aud in Frejus
underground laboratory ( with and without Cu shickling, with and without foils made from
natura} Mo and Ca - to study the influence of fuils ou background ). The tolal time of mea-
surement ab the end of October 1904 was 4203 hours, The purpose of these measurements
was to cstimate Lthe leved of backgronnrd and to 1est methods for background suppression.
Comparison of background level in TGV specttometer and ultra low Lackgrommd 8-+ spec-
trometer ELEGANTS [4) is shown in Table 1 ad it shows that we achieved good background
reduction without any special anticoinridence mode,

The main advantages of the TGV specivometer are good energy resolution, stability,
efficiency and low background. At prescat the measurement of background in Frejus under-
ground laboratory continucs, N is planned to start double beta decay measurement with
an enricied source of duuble beta isotope { e.g. *Ca, ™Mo ) at the heginning of 1995,
The result of backgroutd measurements made in Modane on TGV spectrometer shows the
passibility to find hall-lile of B8 decay with total mass of source ~4.5g { e.2. ¥Ca ) in the
range T a2 10 V10 ¥yenrs,
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Practically afl our knowledge is hased upon maodel fornation. Apart from models ac-
quired genetically we perceive the world through our senses and form models when storing
the knowledge into our memory. We then correct onr judgement using 1he stored models
and comparing the past plicnomena with the present onex, The cotrectness of our judge-
ment depeicds upon our ability to determine the cotilitions of the presently contemplated
phenomenon,

Each phenomenon depends upen the conditions under which it arose, These conditions
determine its meaning. spatial distribution, energetic requirements, and its stabilivy bound-
aries. Consvervation and continnation of the plienomenon is dependent upon its protective
svstem and upon the energy which is available in the particular space aned time.

it is possible to find a striking proof ax well as inst ructive example of general application
of models even in the simplest of systems, 1t might be thought that it is possible to find
snch systems in the atomic world. This microworld, of conrse, is not directly accessible, but
the present intensive rescarch in the area makes possible cortain hopes as to the hinal goal of
complete understanding, It is to be emphasized, however, that cven a single clectron alone
8 & rather complex energetic system, about the internal structure of which we have only
vague knowledge, A substamtial barrier is the problem of quantum mechanics, which is still
described (c.g. in ref. [1]} as a problem which it is possible 10 solve mathematically, but
cannot be uaderstood and explained, It is, fortunately, not necessary to accept this point
of view thanks to the olucidating possibility offered by physical imodels, especially models
based upon nonlinear electric circuits. In fact, it is cven possible to explain the strange
hehaviour by motion of electrons.

The nmtual relation between the classical and the quantum meckuuics is a problem of
a nonlinear oscillatory system. Soine basic manifestations of Wis system are accessible to
direct observations in nonlinear electric circuits,

The possibility of understanding may be interpreted as a possibility of verification of the
phenomenon in question, It is then possible to assume that the model method of learning
and understanding natural phenomena is applicable everywhere as long as the conditions for
oblaining the necessary sensual perceptions are fulfilled. This does not mean, however, that
we cannol uadvrstand & phenomenon which is not accessible Lo our seises, In such cases
we use indirect models which are composed of simple, verifiable models connected together
in a verifiable way.

In relation to the investigated phenowenon it is possille to assume the presence of the
more important lorces, which makes possible a certain simplification of the relations for the
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description of the clectron trajectory. In a relatively simple manner, it is possile 10 derive
the equatioti

-
I

-]
=L _ Ane,
where R - is the constant from the Coulomb law. conjugated with the charges in the
investigated system,
F - is the magnitude of the force of an external field acting on an electron
@ — is the amplitude of the basic harmonic, frotn the projection of the tmjectory of the
clectron o the direction of the cllipsoid main axis, This represents the skin, upon which
the trajectory of the electron may be fonnd, The amphitude nears the length of the miain
semi-axis.
e ~ is Lthe cecentricity, which is determined by the magnitude of the force /. mass of the
clectron, and its angular speed.

This equation assnmes a specific molion of the electron on the cortesponding skin. Jt
requires an existence of a trausversally orictited motion simmlianeously with the longitudinal
motion with the external fickl, This i* 0o extraordinary requireinent, it stems from an
assumpl on of a wholly general motion in space at winimal transports of encrgy, [t is
therefore described by two oscillatory systems, As Jopg as a motion of an clectron in an
ator exists, which can be drseribed by the aforeimentioned equation, the behaviour of this
system miglt be compared also with the beliaviour of an electric model.

The liwear encrgy-hiequency relation and securing stability conditions are olwiously the
mast jmportant features of the detived nonlinear function, which represents the mystery of
quantum mechanics. The shapes of the derived electron trajectories, the accordance with
the derived spectra as well as with the Planck constant amd with the jonisation potential,
may be considered the verification of the correctnrss of this model.
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At present, several groups in different countries are develeping radiative opacity codes,
In view of the complexity of the physics involved. there is considerable interest in a detailed
comparison of roxults calculated with different codes. A series of workshops provides a forum
for such explicit comparison. The third international werkshop of this kind { WorkOp-111:01)
was organized in 1994 by the Max-Planck-Institute for Quantwm Optics at Garching in
Germany,

The mocting foeussed initially on the comparison of selocted cises, calculated by the
various participanis using dilferent numerical codes representing a broad spoetrnm of ap-
proaches to the medelling of plasma opacities, We took part bt this event for the first time
using results obtained by a revised version of the opacity code RACIEL [1,2].

More than 150 MB of data, generated by 12 opacity codes, were provided to the organi-
zaling cotmmittce by parlicipants. A synopsis of plots and tables of the submitted materiak
kad been propared several weeks before the meeting. The aim has been definitely more than
just a "verification of codes™ in the workshop differences in calenlated results have boen
traced back to the physics input so that their origin hecame clear.

Fig. 1: Photoabsorbtion coclficient For iron
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Fig. 2 Phetoaleorbtion coeflicient for gold

The eases studied and (heir imotivation fncluded: (1) opacitics Tor stellar envelopes,
(2) comparizon with reeent progress in opacity meawsurenents based on laser experiments
and gas gun expetiments, (3) higher deosities, up to solid density and beyond, (1) high-%
materials which are of interest in a wide range of areas (X-ray Insets). () non-LTE physics
in complete steady state, optically thin approximation,

As a very small illustrative examphs of cases studied at the workshop. 1otal photoab-
sorbtion coefficients for iron and gold as ubtained by different models are showa in Fig. |
and 2, respectively.
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We present concisge informatian sbout onr work which is oriented to the development
of methods al implementation of simulation cades for sbudies of dense magnetized plasma
systems with enmphasis on hydodynmnic and tadintion processes, The fibre-initiated high-
density Z-pinch (IDZ) has been chosen as the fisst system for study.

HDZP (1] is a novel approach to a gencration of high-parameter and nucleoreactive
plasmas, In its applications to the sty of controlled fusion a megavolt-range potential
is 1o be applicd along a thin lament of frozen therniounclear fuel (denterium/tritium),
driving a megamp-range enirent Urweough it, with the intention of hiealing Lthe fuel Lo fusion
temperatures in weveral tens of nanceecondz while stably coufining it in its self-magnetic
fickd.

Future use of the HDZP will show its application as a trigger for funsion detonations in
cxlindrical channels, Such systems [2] conld allew the adoption of a clean working cycle based
on advanced fuels (He', puie D, Li. De, B) without the ecolugical drawbacks of the use of DT
as nuclear fuel (radionctive material, kigh seatron fluxes). Another promising application of
the HIDZP (using a high-Z-material filament) is for the divelopment of extremely intensive
pulssl N-ray sources for plysics and the development of new techaologics,

Simulation of magnetized high-parameter plasma systenrs presents sorious challenges
to existing nunierical methods. Nere we have applied 2 modern gradient-weighied {GW)
approach [4] 10 the meving finite cdement (MPE} method for solving the pinch dynamics in
1-D) hydrodynamic approximation.

To begin with a reasonably complicated model of the high-parameter magnetized sys-
tems the fiid approach based on one-fluid form of Bragingki’s equations has been used.
The wark has been statted with the iuplementation of the code PINCH (1], which applies
the GAYMPEL approach (o the study of 1-13 fully jonized hydrogen systems,

Evaluation of jon «iatribution fimction is generally swcessary for the calculation of
thermonnclear yield in magnetized high-parameter plasmas. The detailed description based
ati Fokker-Planck cquation is extremely complicated amd a reasonaldle approximation has to
be implenienied for Lime dependent systenw. The chosen approximation has been verifted
with the suppott of computer algebra tools, The simulation code for numicrical solving
this model has boen antomatically generatedd by the package FIDE [], implemented in the
computer algebra system REDUCE.

For the intended extension of the code to paitislly jonized high-Z systoms with rea-
zonably detailed modeling of radiation protesses two supplementary studies, inclading the
development of procedires for ransport cocflicients and radiation characteristics, have been
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carried out. To evaluale transport coeflicients of maguetizal high-parameter plasimas sov-
cral approaches have heen fested and cotmpared. To support caleulations of the radiation
yield and glahal apectea of N-radiation emitted by svstems with high-Z plasias cesults of
the study [3] have heen usl.

For more realistic description of magnetized ligl-parmneter plasma systems the ex-
tepsion af the < wdy 40 7D el will Tue neeeseary, Toomacter probleing related Lo the
development and application of multi-dimensional codus, the 2-1) Bnplementation of the
GA\VMPFE method for mode] systems and its evenina) 1 on distributed romputing systems
have been studied.

Lager-driven systems wring short and very-short pulses are one of the imporiant Tuture
applications of the modeling of magnetized dense plainas, I is expected that know-how
from the studiea describud will Le capitalized also in the researely of inteenctions of ultrain-
tense coherent radiation with solid targets in femtosecond region [6], where generation of
enormous magncelic fields of the order 10° T ix predicted [31.

The authors wish io thawk Peof, Ned Carbon {Perdwe University) Jor his erecllent
reporls and GFMWE codis and Dr. Alan H. Glassa v (Lo Alumas Natienal Labaralory) for
his HDZP program and information abaul ils -1 vt rsivn, :
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The new portable YAG laser with amplifier and conversion to the sccond harmonic
with new power sources and pulse length 10-15 ps and repeat frequency 1 Hz was built and
testedd, The experiments at higher voltage 25 kV and the clectrode configuration with outer
curcuit on the coat of the discharge tube were realized,

In the thearctical mode! of the stable structures Lhe possibility of the a-effect, double
layer awel nonideal plasma influence were studied,

Experimental and theoretical results were prblished in {1} and presented in conferences
abroad [2,3).

The mest important resulls were obiained during & working stay in two departments
aof the Institute of Plasma Physics and Laser Alicrolusion in Warsaw., ;

In the newly built equipment of the plane lighteing testing room {200 kV, 100 kA)
the measurement with its own Jaser diagnostics was realized in spite of dilliculties with
synchronization in strong distnrhance ficlds. A central dense and cold stiucture was observed
with diameter 10 wm during 3-10 gs after the breakdown,

Fig. 1: The schlieren picture of Lhe central strueture in the discharge at atinosplieric pressure
in the air 6.0 px after 1he breakdown,

In the Fig. 1 the schlieren pictute is presented al Lime 6.0 g8, where the outline of elec-
truddes and plasma anode (left) and plasma cathode (right) jets can be seen. The promising

8
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results will enable the cooperation to contimie in the next year with a current two times
higher {260 kA).

In the equipment PP 120 1he conical electrode coniguration was installed on the coaxial
clecirode system. A conpstruction feature of the comlensator battery made prefonisation

diagnostics of the discharge with a maximum curent of 400 kA was realized due to CCD
camera at wavelength 590 nm. At the OCD records, central and anode structures, Rayleigh
- Taylor instabilitics and axial filaments are presented.

At the Fig. 2 the record of the bremstrahlung of the dense central struclure is presented
with length 5 mm and width 10 m,

Fig. 2t The CCD camera record of the bremstrahlung (590 min) of the discharge at 2.5 ki'a
of argon,

The results are optimistic and allow further cooperation in dense plasma diagnostics
in Warsaw and in Praguc in the Department of Physics FEE CTU and in the Institute of
Plasma Physics of AS.
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COMPRESSION TIME
OF THE GAS PUFF Z-PINCH
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Gas pulf device is a eylindrical column of plamna which is compressed to its axis by
itz own magnetic field (z-pinch phenomenon), A gimple estimation of the compression time
will be derived in this paper.

Fig. 1: Gas pull.

Let us denote R()-radiug of the column; &length of the column; d-thickness of the
column; m-total mas of the plasma. See Fig, 1. The magnetic fickl on the colunm’s boundary

i given by Ampere’s Jaw

)
BR) = £ ()

where (1) = Josin{wt) is the total current passing through the plasiza column. For the
Lorentz force density f), = —jf3 we can therefore obtain

= o do I 2
I == @
and the Lorentz force is
Fe-bol) (3
TR
Consequently, the equation of the plasma coluin motion md® R/di? = Fy, can be rewrit-
ten as AR ;
L L) S O \
= TS 13sin® (wt) . ()
Having introduced the nondimensional variables
- = uﬂnlw 1/2
r = w p = H’) ., ()
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the equation of totion

£p )
Pz =~ s {G)
can he solved numerically wnder inttial comditions p(0) = po s dpfedt{Q} = 0. ‘The numeri-
cal solution of the compiession tor vatiuts nitia 1adii py & < 0.0,2 > B povsented in Fig. 2
The times of compression were estimated numerically as well, and they are prosented in
Fig. 3.

e | ™

15 3

1 2

s 1

)\

0 7 2 3 3 T 0 ;3 1 15 ]
Fig. 2 Column radivg versus time for vari-  Pig, 3 Compression time versux initial ra-
ous initial radii. dius.

The dependence seoms to be almost linear and for the initial radii from the intereal
tnentioned above can with good accuracy he writion as

., 143 -
Tha -!:,m . {7)

Both numerical solution aud this linear approsfmation can be compared in Fig. 3. Having
transformed the nondimensional estitnntion {7} to the X and ¢ variables we obtain

Dty = 1 4 3 (350wl (8)
ynf Iu

which is the songht relation for the /4.
Furthermore, under assuaption that maximum compression occurs at e maximum
enrrent time {wiy,, = 22}, an optinial relation between 1he gas pull variables ly,w, i, 4, Ky,

can be derived 18z m
P o
3 T n. ()]

Both Eq. (8) and Fay. {9) can be very usefull in the design of the gas palf devices.
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ATMOSPHERIC PRESSURE
GLOW DISCHARGE IN AIR FLOW
FOR ECOLOGICAL APPLICATIONS
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Actd rain, the greenlonse effect, siog and ozone depletion are consequences of environ-
mental pollution. Non-thennal plasma techtiques hased on the use of eleciric discharges
are one of the ways for solving environtental probiems,

Non-thertmal plasma in characterized by the fact that the mean clectron energies arc
considerably higher than those of the compouents of the ambient gas. Conscquentially
the very teactive sadicals are produced: they in tarn decompose the toxic molecules, Tlis is
in contrast to plasma furnaces or torches in which the whole gas i= hemted in order 10
break up the undesired molecnles.

Non-thermal plasma Lechniques ace hased on

[1] silent discharge

{2) coronn discharge

3] energetic election beam

{4] ligh Frequency and microwave discharge
[8) glow dirchargy in a gas flow

Our research of the atmosplieric pressure glow discharge in air flow war devoted Lo
the study of stability and bLasic electric paramieters of this type of the discharge.

The clectrode system was formed by a set of parallel razor blades (cathodes) situated
perpendicular to the plane anode. The electrodes were placed in a rectangular diclectric
channel in which lowed the air. The distance between eathodes and anode was varied
from 1 to 8 mm. The air flow velocity.in the channe] coutld he changed up to 120ms™',
DG power supply provided a voltage up to 50 kY. Each cathude way individually ballasted
by a resistor 25 k2 which was connected in a series with a centra) current limiting resistor
150 kR, The cxperimental apparatus is shown in Fig. 1.

Volt-ampere characteristics for the clectrode system formed by one cathode against
plane anode is shown in Fig. 2. The velocity of the air flow was 100ms™".

It was observed visually that the structure of the discharge is not homogenecons along
the whole length of the cathode; but, it depends on the gap between electrodes, the velocity
of the air Mlow, and the applicd voliage. In the stream of the air flow Lic current streamer first
appears, lollowed by the region of the discharge which can be characlerized by secondary
emission. Negative space charge generated in the discharge is dragged by the air flow
ta distances much greater than the distance between the cathode amd anode. This effect
may play an important role for future ecological applications, hecause it allows an increase
of the arca of active radicals genecation,
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Fig. 1: Experimental apparatus: 1-cathode; 2-anode; ii-fixing glass: A-~compressor:
5~ DC 50 kY source; G-water and oil separator
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VERTICAL ELECTRON TRANSPORT
IN INFINITE SUPERLATTICE
MONTE CARLO SIMULATION

4. Voves
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Key words: superlattice, minibad. vertical transport. diffusivity, simulation, Monte Carlo
method, seatiering

We studied te possibility of using a semiclassical model based on the Monte Carle
method for the superlatiice vertical teansport simulation. Our model deals with the ideal
(perfect iy periodicat amd infinitely bong) supetlattice, In this case the effective mass approxi-
mation is kept, This approach exteads the area of semiclassical transport model applicability
10 nanometrie struetursy, According to Uhe actnal superlattice material composition, wells
anel barrier widths and temperatme, the conduction band olfset is determined. E(q) dis-
persion relation in the saperlattioe miniband is computed asing eyclic boundary conditions
from the Kronning-l'enney model, Effective mass and electron velocity in the miniband can
he evaluated asalytically from the dispersion eefation [1].

The standard Monte Carlo transport sinntlation, inclnding most important features of
electron transport through the gupelattive minibands i3 usedd, Inclastic acoustic phonon,
polar oplical phonon and ionised impurity senttering are considered in the bulk formalism.
The Motte Carlo mudel has been applied on CdTe/CdMn'te superlattice simulation [2]
with one miniband for conductanee clertrons (fig. 1), Temperature dependence and the
variation of average values of velocity, energy anxl dilfusivity with low electric field in the
verlical direction were studiel. Flectrical field values were laken st & sulliciently low level
to aveid dizturbing the miniband structure and to keep the miniband transport.

The diffusivity dependetice on the olectric Bield is shown in g, 3, Diffusivity at 2 K
behaves as usualy in bulk material. After an almost constant value up to approx. 20 Vfom
dilfusivity edrops down. due to the strong optical phonon scattering, which retums carriers
to the bottom of the minthand alter each einission process and causes electron motion Lo
be more deterministic. Above tlie same value of electzic fickd electron drift velocity and
average energy starl 1o satneate (figs, 2,1). Drft velocily drop at tie highest clectric field
values may be caused by entering more electrons into the higher energy negative effective
mass region.

The developed Monte Carlo imosdel cin be usnd for o rongh estimaie of electron Lransport
Praramelers in the superattioe miniband, Information about clectron energy, velocity and
dillusivity is necessary in for example the superlattice Inser design,
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NONLINEAR PROPAGATION OF
WAVES IN HARD-WALLED
DUCTS

M. Bednafik

CTU, Fac. of Electricnl Eng.. Depl. of Physics
Trchnické 2, 166 27 Praba 6
In many physical problems involving ~ound tramirission in ducts, the sonnd pressure
levels involved are so high that the problem of propagation and altennation caunot be Lreated
using the umaal linear acoustic anatyses. At these high sound-pressure levels, the nonlinear
clfects are of 1wo types - the nonlinearity of the acoustic properties of the lining material
and the noulinearity of the gas itself. In this paper, we congider only the nonlinearity
of the gas: that i, we comsider waver propagating in hard-walled ducts, In addition we
tuike inta acconnt only wuwlispersive wavis, Thiv ciitetia is satisfied] in the case of plane
waves, A complete systen of equations which describies the propagation of these waves in
thermoviscons fluids consists of the Navier-Stokes eqquation. the equation of continuity, the
heat-oxchange equation and the termodynamic cguations of state.  Unfartutnately, this
aystenn cannol be solved analytically. For this reaxon, in nonlincar aconstics, a common
approxituation is to acglect cubic and higher order terms i the equations, and to acconnt
for dissipative offects throngh finear torms only, ‘The mentioned approximation leads to the
well-konown quasi-linear parabulic Burgers' eqquation which i a very good approximation
of the exact equations of thid totion when offects of dissipation and nonlincerity are not
exvessively large:
i 2 I_Jﬁ_f_lff*t! It
ar apih’ - ‘.’li}mﬂTi

where s (e [mrﬁ( le vekwity, 7 = ¢ = rfeu in the retarded tinwe, ¢ iz time,  is distance
from & spuree, pg ba deusiiy, b= —'l+.£ +M e —= /e ) is the dissipative covificient, g, § are
the shear and dilational viscosity cocllicients,d is the heat-condnetivity cooflicient, ¢, and
¢ ane e specific heals at constant pressure aned volute, £ = 0.5(y 4+ 1) is the cocfficient
af nonlinearity for gases, 4 = e fr. The suilix “0" s usedd (o indicate equilibriom values,
Inserting the vidwes V = vfrp, s = I‘—:H- y= '3“— = -ﬂﬂ‘{lg-‘-.\\'o obtain the convenient
nondimensional form of Eq.(1):

oV v y
e ld—y o 2)

where ¢ ir the peak particle velocity, M = rw/rg is the peel Mach nwmber and x is a

characteristie distance. For palees, it i= convenient to take £, = euly where ¢y is the width

of pulse i the time domain. The exact solution of Eq.{2} cait be obtained by menns of the

uonlinear Cole-llopf transfurimation V = 751%'- which transforms Eq.(2) to the diffusion
equation:

w_1ou o

s O Ayt )

tH |
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The exact solution of Eq.(3) is given by the Puisson’s tntegiat

G = =Ci{y — ) G o,
s, y) = \/I;: _[- mcxp[—-{iﬂ—-l-]uxpl;-_}- /u (0. gidy)d= (4}

‘Fhen the exact solution of Eeq.(2) is;

[2, 02 pxpl UL ) o [S 240, y)olylel

Vis.y)= i b
(-3} =, c»xgp(:ﬁif:;ﬂ]exf;]f;_ﬁ; V{0, y)lyld= )
In our case, we assume the source condition
o{0,1) = vofal exp{=W} = of cxp{—df jHcaviaide (1) (6}

where a, b, ¢, d are given constants. By means of the transformation, we can write:

- 2 + HATD - u -

A{y)=cxp [—_—,gllmn\'isidt'(!l)(“(b’y ks _’.by'-': 2)exp(-by) -y 4 l:’:x])( ) )] (")
Using Eq.{3), we can write ditectly the exact solution: but, 16 solve the Poison’s integral
analytically is ratlier complicated in this case, Tor this reason, it s secesary 10 solve these
integraks numerically by wieans of the Simpson’s method, The jubimite intogration range bs
not convenient for numerical computation, However, we can find based on the analysis of
the function V{z: 8, 8) = expf iﬂ};—’ﬁp that the imtegrand is sall excopt for values of 2
near ¥, Conrequently, we ¢an fimit e rauge of integration to that region where the Innetion
has & value larger than the sofficicatly swall valne &:

Al SR V(=) <, -
Visg) = -I.-I:ul' Nzig. WM s where d =2 --(—,ltl(h');h‘ <1 (8)

oed NS g ) W (2l

The solution can e shown geaphicaily in the following figaues:

Vi. Va,
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o 0.4 0.8 1,2 1.6 2.0 o O.4 0.6 1.2 1.6 2.0
Fig. 12 The ovolution of wave forpe a1 G=HKI0, s=0;0.1,25
Results of an experiment which will ronfinm 11 <slidity of the Burgers' cquation are
still in progress due (o the fact that we need a sufficiently long waveguide In order Lo measure

the avelation of wave forins,

Thia research has becit condycted at ihe 1ep. of Physics as parl of the rezcarch project
"Active control of acradynaniic woise” and has been supported by CTU grant No. 38187
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ANALYTIC SOLUTION OF THE
VLASOV EQUATION IN THE FIELD
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In laser-peller experiments and rf leating in tokamaks, lacge-amplitude high-frequency
notinchromaltic eleptro-maguelic waves are Taunched into the plasima. Spatial modulation
of the amplitude of them: waves is crucial in changing the plamna equilinium. In many
prodlems of interest, the collisionless regitme is appropriate and so the Viasov equation can
be used 1o determine the electron distribution fanction,

In this paper a general analytic solution of the Vlasov equation is presented for the case
of plasma electrons in the fick! of such high-frequency monochromatic electro-magnetic wave
wilth a large amplitude and a phase velority appreciably higher than the eleciron thermal
velocity (the case of non-resonant diffusion). Blectric and imagnetic vectors of this wave are
supposcd to be perpendicular to the plasma density gradient. The ambipolar potential is
taken into account and the form of the electron distribution function on the houndary need
not be Maxwellian.

The Vlasov equation relevant Lo our case can be written in the ferm

af a5
o o 4 v uu_.‘EM 0 )
with the following boundary conditions:
A0 =0 H{O) =0 f(0.cripnt) = i erey). @

Here —¢ and m, are the electron charge and mass; (r) is the ambipolar potential; Afr, £)
is the differential operator in velocity spure defined as follows:

A= A(r, 1) = By, t) +B,(J- !)(v, d v,a%-)‘ (1)

where £,(x,4) and (2,2} are the clectric and magnetic field of a high- l'n'qnencv monochro-
matic clectromagnetic wave with the angular frequency w; ¥ (h-nolo_q e
Using the method similar to that developed and rurcessfully npplu-d in the case of tie
plasma wave with a large amplitnde {1) and confining our inlerest to velocilies satisfying
the condition
D!A

<« {945 ()

we can arrive lo the following system of recurrent relations:
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) __ _'__ _ ﬂfu"-! (2u=1ya . i)
0, 95 = ~|-Fe—g— + A AT 4 A () =ty {5}
s = m( 'j’;_ 2T Al 445", ®

f'(:) - __’f___ (l _ I'I';V) [_v Dﬁ + As }f(n-“ +A-(:)!("“l’ )

g M
wheren 2 l,m=u=2k21LE4k21.

Since [V 20, # 2 1. what we need to determine is a general formula for the lerm
fs’"). Thia was found to fit the forin

b (- e,M)Il-ﬁ] (lﬁM)(""” -
& E--};:nf‘“l'( ) D (=P (u-TF ®
where we introduced dimensionless polentialy
f = 1(""(!.”) - "’”’, ‘
miuted md’ {9}

with the bracket {...) denoting time averaging over the petiod of the oscillations; dimension-
less velocitios wr, g, w, = ;"—.‘. the electron thermal velocity vy

o j"" f‘ O v o, = f" f" (b 4 02, (10}

and the differential operator M= ‘E’%

Evenlually the fimction fp itself can be exproessed an

Jo=ti3, (11)
where L is the differential operator in velocity apace which can be written formally as
L=Jo{i 20 cle-em (12)
Jw,

and Jy is a zero-order Bessel function. Slow time dependence of the function fo may be
incorporatcd using the slow timie dependence of the ponderomotive and ambipolar polentials
respeclively.
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MATHEMATICAL MODELS
OF QUANTUM SYMMETRIES

G. Chndzitnskos, K. Kostal
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resenlation theory

The investigation of mathematical models and physical applications of quantum sym-
metries carricd ont at the Department of Physics of the Faculty of Mechanical Engineering
hax been concerned swith the representations of gronps of symmetry, quantization on a dis-
crele Rnite space and with the generalization of the nonlivenr Schrédinger equation for
irreversible processes,

I. The quantization on a discrete finite space was studied in connection with Ui pos-
sibility to construct coherent states over discreie phase spares, Coherent states belong Lo
mosl important tools in numerous applications of quantum theory. For simplest discrele
confliguration space Zyy (M points clossl into periodic chain), with group of symmmetry
iy 1e. eyclic group of order A, an overcomplete family of coherent states was constructed
in [1]. In order to generate the family of coherent states we used the discrete Wey group,
which is an analogy to the lleinsenberg-\Veyl gronp in conlinions case. Contributions at
14th Winter schiool Geomelry and Physics (Srnf, Janmacy 1904), X1 1** Workshop on Ge-
ometry and Physics (Bialowicza, July 1981) and poster at X /™ International Congress of
Mathematical Physics {Paris, July 1994) were presented on Lhis {opic.

A coutribution Lo quantum groups theory was published [2], where oparators of fini-
te-dimensional quantum inechanics were nsed as an operator base for represcatations of
g-deformed Ueisenberg-\Weyl algebras in the case, when ¢ is a root of wnity, e M = 1.

In [3] the +—product for symbols in Enite—dimensional quantum meochanics was cstab-
lished. This investigation continies with the aim to find the analogy with the deformation
of algebras of ohservables in continuous case, One possible way to quantize classical me-
chanics is to introduce noncommutative «~product instead of the ondinary multiplication in
the algebra of real sinooth funclions (classical observables) on the phase space. Thus the
commutativity is deformed and the parameter of Uhis deforination in classical limit goes Lo
zero. Tn discrele case Lhore is not such deformiation in space of A x M dimnensional matrices.

. The nonlinear Schrbdinger equation with a bogarithmic term (NSE) reads

ih%—":’ = Iy + O In{yp"h).
where ¢ s a complex function, I/ denotes the llamillonian operator for a gysiem of N
particles and @ a positive parameter. I [4,5,6], the stationary forin of this equation was
investigated and its solution was found. In 1994, the non-stationary NSE was generalized
for the case when the quantity @ is a function of timne and coordinates. A thermodynamic
interpretation of this generalized equation was proposed; it can be used, in general. lo
deseribe irreversible macroscopic processey,
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Applications of symmnwtrics it quattum physics and development of the corresponding
mathematical tools ware the subject of our rescarch of 1993-M4, in the following three main
arcas:

L. General quantization methods on non-trivial manifolds, particularly on homogencous
apaces: For homogeneons spaces of finite Abelian growps, the quantum deseription was
derived in a way quite parallel 10 the continons case [1]. The obtained formalization proved
1o form a smitable sting for representations of deformed Heisenberg-Weyl algebras in the
case when the deformation parameler is o root of unity [2). The application of quantization
methods to svstems with infinite-dimensional xymmetry groups wan considered in [3). This
probleny arises in quantom gravity,

{1, Contractions of Liv algebras, quantam amd Lraided groups and their representations
an & new Lype of syt iy of quantum models: A family of graded contractions of Lic al-
gebras was systemativally casified. and a telation to kinematical groups of spacetime was
pointed ont [, This result wax extended to the conformal group of spacetime [5). A new
type of rymuwtry callidd hraided groups was examined. including the relationship to qnan-
tum groups and supeesyonnetries [6). It was shown that colierent states in the Perelomov
senive can be introdueed for quanium groups as well. As a consetjuence, one can construct
representations acting in spaces of “holomorphic fanctions™ in the spirit of Borel-Weil the-
ary, analogous to Lhe non-cefirmed case [7). Boson realizations were derived and applied to
the quantum groups 5 and Cy (8], Quantum groups equipped with differential geometrical
struclure represent a new type of synmetric spaces [8], Cyclic representations of quantum
groupe proved 10 he helpfnd when searching for ¢igen-values of quantum Hamilionians [L0].

1L Physical models, quantum Hamiltonians and seatiering theory: The open chain of
spins was stwilied, and efficient algebraic tools were developed 1o solve it [11]. A great deal
of interest was paid lo the application of new symmetries in quantim integrable models [12].
I seatiering of non-ielativistic partiches in nmitiply connected domaing was congidered.
In this problem, related to the Aharonov-Bolim effect. the fundamental group of (he doniain
plays an important role as & discrete symuetry of the unjvensal covering space. Using the
Feynman path integral, the hasic propertios of the seattering operator were determined [13,
11]. The existence of resonances was proved for the lamillonian corresponding Lo a particle
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movhig in a curved guantum waveguide,  This effect is related to the eurved geometry
(15, 16].
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Qur contribution deseribes a one-semwster experience with the newly-opened course A
Seminars of Physics at the Departinent of Physics, Faculty of Mechanical Engineering which
accompanics physics lectures,

The graduates from technieal universities and schools of similar types are supposed
to gain not only enough wide and devp knowledge of the fundamental physical laws and
principles which nature oheys, but they shonld know how to apply them in an active way.
Thin knowledge should be used during their study of specinlized subject in higher years of
their nniversity study. and consequently in solving of any practical problem of praxis when
graduated. We understind that when pasing the conrse of technical physics, the student
haw o have a corlain amount of particular information concerniug the knowledge of some
facts, dates and also cortain factual quantitative (numerical) imaginations. It is also very
important te show the students methods of how to fortwlate & given problem, apply the
laws and principles of physics, and the advantages and disadvantages of various methods
which may be used, and Lo define the priority which lesds (o finding the most suitable
method in a given case.

1t i necessaty, and it follows current tremds Lo Introduce the usage of such coimpuler
soltware which permits a solution of the problem dusing the class period. Comparing various
commercially available 5W fiom various peints of view, we decided to use the Czech com-
piter BW FAMULUS 3.5 (the English version). The author of the software (Dr. DvoFik) is
& witiversity pliysics teacher and so it was especially prepared to solve and simlate problems
in physics and mathematios with respect (o the teaching re guirements.

We fourd the next advantages in computer and soflware nsage:

« computer progeams should help us in finding solutions, we were never able to discover
nsing analytical wathematical nitlinds alone, Especially, when trying to mathemati-
cally describe the behavior A the majority of non-linear systems, we need Lo use some
simplifying conditions in most cases. That moeans we o not solve the original problem
but il special case whicl may, or may not, be equivalent Lo the real problem.

& Que can rapidly investigale system dependence on Uhe inpul parameters of tie system.
In addition, the problem can be madified casily which allows us to investigate a wide
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sel of similar problemns, Such modern and non-standanl methods of inquiry should be
a part of the educational process ton and students must lave the opportnnity 10 be
acquainted with, tagether with traditional solutions and avalytical solution by means
of compulers.

e Paxsing Stinients fave tie upputtanity to bl the woftware togetber with new tech.
nique of investigation of problent.

The solation of the majority of 1echnical problems and tasks depemds wot only on &
detailed and exiensive investigation of the particular problem from the point of view of prac-
tice. Substantial help with these problems can cone from the knoledge in matinanatios
and physics. Additionally, many of the problems can be salved with the contribution froin
munerical methods in computer pragrams. To introduce such methods reguires a substan-
tinlly differcnt view of the problem, many times accompanied by diffe rent formulation of
the task. Moreover, the sucecssful interpretation of the resnlts and their application requires
different approaches, d)As far as the tenching of physics itsell, it should not only be hased
on the precise explanation and excelient intelligibitity, but it must always be accompaniod
by application to a patticular part of soie practieal probden. 1 is alse necessary (0 make
the stident acquainted with an interpretation of the laws of physics together with an em-
phasis to all aspects couserning the topic. The major part of the work represents a choiee of
appropriate problemr. Not only was it ueoesary 1o coordinale seminars with the lectures,
but we needed 1o hnd some problems jnteresting for students and which are nol vavy 1o
solve without computers. The problems can be divided into theee msain gronps

¢ Problems which may not he solved wsing analytical mathematical methods (e.g. nu-
merical derivatives, solution of elliptical integrals, non-linear algebraic or differential
equations, seta of equations, usage of powerserien, wateix ealculus). or when such meth-
ods are too time-consummptive and the railts are too complicated 1o recognize the
influcnce of individual quantities,

Problems which can demonsirate sowe impotant physical concept, mutnal relation
among physical quantitics, or sucl cases where the sumerical values of variables are
extremely important and interesting and worthy further technical coscses at the uni-
versity, and later, in practice.

Computer-assiisted-instruction in classieal problems (similar 10 the textbook-examples)
can serve as (ool of self-stndy with student feeslback, This typo of program can also
be usedd ns 2 fest of student knowledge.

L ]

The conrse was evabated hy both students and teachers as very efficient and interesting.
it sectns to Tulfil the goals stated at the heginning of this paper. A substantial part of the
work, concerning especially the exchange of expericuee at other universitie, together with
mutual cooperation, and with equipnient of our computer laboratory was made under the
umbrella of the TEMPUS program 2262,
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Main Goals. We understand that when passing the course of technical physics, the
stucdent has to have & certain amonnt of patticular jnformation concerning the knowledge
of some facts, dates amd also certain factual quantitative (nunerical) imaginations. It is
also very important 10 show the students methods of how to formulate a given problein.
apply the laws and principles of physics, and the advantages and disadvantages of various
niethods which ay be used, and to define the priority which leads to finding the most
suitable method in a given case. Laboratory exercises show them the way to this aim.
We decided Lo introduce the up-to- date computer technique which allows fast and deeper
insight into the particular experimental problem investigated.

It is necessary, and it follows current trends to intraduce the usage of such computer
software which permits a solution of the problem during the class peried of laboratory
exercise. Morcover, such computer programs should lelp in finding solutions, we were never
able 1o discover using annlytical mathematical methods alone. Especially. when trying to
mathematically describe the beliavior of the majority of non-linest systems, we need Lo use
some simplilying conditions in most cases. That means we de not solve the original problem
but its special case which may, or may not, be equivalent to the real proldem. In some case,
il is necessary to carry il preliminary mumerical analysis of particular mathematical model
of the given system to find real ranges of chosen parameters describing the system.

In laboratory excreisen, it is also very useful and instructive to sinmlate and model
the real problem measurcd. It allows the possible investigation of the whole set of similar
problems and Lo become more familiar with the situation from the point of view of not only
physics bul also to gain quantitative imaginations,

Temoperary Achievements. The compuier programs were prepared to support the
next laboratory exerciscs:

o Measurenient of resistances and capaciiatices

o Acceleration duc to gravity

* Stokes’ method in measurement of dynanic viscosity cocflicient
& Investigation of clectrical field

o Lenses

s D'Arsonval galvanomeler
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o RLC series electrical circuit
¢ Nesonance curve in clectrical cirenits

An example of the computer screen of Stokes’ nwethod in measnrement of dynamic
viscosity coctlicicns:

ro

Fluid ror
ata

Wl 3ZTNATA QY —p

The substantial part of the work was made within the Fund af University Deedapment
No. 116971994 "Computer Usage in Laborateriva of Physics” coordinated by the Depariment
of Physical Kleetronic, Mosarpk Unircasity, Brao.
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One of the tests which have heen carvied out in the frame of studies and prototype 1ests
of timber pancls for an AS-U 103 family house concerncd the mechanical stiffucss of the
aupporting structute and the bracing cffect of a timber panel in the wall plane of the house
on the structure as a whole.

Two test panels of dimensions 2.3 x 1.2 m? have heen manufactured witlout herizoutal
tods and without inner plaster cardboand (tlickness 125 mm). Only the basic support-
ing structure of the tiwber panel was tested, which consisted of a timber heam structure,
jacketed on both sides by CETRIS boards.

The pancls were positioned verlically, The acting force was horizontal and was gener-
ated by a hydraulie apparatus up to 230 kN . The foree was measured by a strain gauge.
The horizontal displacement in the force application point was measured by \W50-HBM in-
duction pickups. The data on the load and the horizontal disptacoment were fod via KWS
3073-NBM iastrumentation amplifiers into 8 SERVOGOR X-Y recorder. The load was
applied in steps up to the breaking strength.

The aconstic emission (henceforth AE) was measured in two channels. The AE pickups
ware piaced in the middle of the pancel. One of the pickups was ased to detect the AE
signals which after being processed in a counter served Lo generale the cumulative function
(see Fig. 1). The other pickep signal was fed into a S/11 circuit {DATALAB 912) and from
it Lo a computer which made possible seleetive recording of the AE impulses during the test
and also at any stage of the loading.

In both cases the CERES board wall casing broke down in critical regions of the pancl
corners. It was in this regions that they tore away from the panels, this phenomenon belng
due to local forces in the nailed joints. The CERES board skew fracture was due to cnonnous
panel deformation which took place when the breaking strength was reached,

The tests proved that the rigidity of the nailed jolnts in the insected beam region of the
pancl was insullicient.

The mentinned frame joint exhibited slippage which resulted subsequently in break-
downs in the wall board Lo timber frame joints. Llie horizontal beam displacement versus
the applied load plot was measured separaicly for the lefl-hand-side and the right-hand-side
supporting timiber rod. The panel deformation at the breaking strength was as high as
80 milimetres. The strain-siress plot is pronouncedly non-lincar, which indicated a strong
mechanical compliance of the braced panel, which is evidently due to a poor design of the
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mentioned joint. After the trsts had been accomplished partial structure design modifica-
tions were put forward to the manufacturer.

All kineds of failnre were dorumentend by means of recordiugs of the accompanying AR
signals. Selected chauts are preseanted in the paper,  The AR, althongh emploved as o
supplementary method, has proved to be extraondinarily sensitive, It gives evidence of Lhe
ot of @ fallure provess poeh wooner (an # vidwally takes place and, consequently, docs
not lead to tolal destrnction of the objects 1o be fertl. Provided a detailsd analysis of the
sampled data has bevo earried out the AE method gives alko 2 mere detailed pictore of the
failure process.

cumulative function of AE signals
10

Panel Mo &

relative frequency

0 25 50 75 100 125
force / kN

Fig. 1: Relative cummnlation curve of AE signals fram statically loaded timber pancls

This paper has been claborated in @ siction of the Diparimont of Physice, Facnity of
Civil Eugincering, TU ran, in the framework of and bas been supporicd by o grant awarded
by the Grant Ageney of the Caeeh Hepnbiie, ealld “Acoustic Ewission in Ciril Enginee ring”,
Regq.No 113/83/2201.
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The paper dealr with aconstic emizsion that = generated in pglasses and in glazed co-
ramics not vnly duting stiessing but also a certain time after the stress reliel. This kind
of acoustic cmission can be termed as sebreguent acoustie cmission. We believe this term
cxpresses the natmie of (s phenomenon betler than, e.g.. the tetm “secondary aconstic
emission”. which waz used in {1].

The nature of the subsquent acoustic emission (henceforth SAE) is closcly related (o
generation of cracks in the sutface lagets of the glass filins afler the stress has been removed,
even in the cases that the original stross cqualed one Lalf of that necessary to generate a
crack during loading. sometimes oven less.

Crack nuclei arise in the glaze whew a sharp indentor is indented inlo the glass or when
tensile or compressive st is applied to the glazing film.

The prevailing comprewsive bias in normal divection, however, will preserve integrity of
the material. When a relief takes place then the surface layer which has heen plastically
deformated will keep n state similar to that of the previous londing. As there is, in fact,
ne tore tonnal pressure A focal thickening o even tiny residual tensile or shear siress (for
exaniple between the glaze and the ceraniic body) are quite sufficient to produce & erack,

This crack need not always propagate up to the surface of the glass surface film. In the
ense of a stronger material (glass) springing-back or a weaker glaze-to-cernmic bond strength
along with a sinwmltancous compressive sisess in the glaze there appear small splinters or
glaze chips pecling from the surfacre.

This process of gradual non-unifort strain feld uniforming together with local degra-
dation of the matetial (glass, glaze) integrity makes up real sonrees of the SAE.

Detection, recording and subsequent evaluation of the SAF signals can be employed for
teating the guality of glaee and glazed products directly in fabrication.

In the paper we present some resalts o our studies of SAE in sclected civil engineering
miaterials, such as: 5 i thick sheet glass, glazed ceramic wall tiles, glazed covering, glazed
teraics

The SAE siguals from samples of the mentiom] watetials were assrized also from the
point of view of the autocorrelation and crows-vorrelation with the intention to prove a
unified physical nature of the phenoimenon (see Fig, 1)

105



WORKSNOP 95 PHYSICS

Cross - cortelation of AE signals

relative ampitude
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tima/s
Fig. 1: Relative correlation function hetween AR signaly from glass and glazed ceramic
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Acvustic nobe i recoguiized as & souree of environnwntal pollution. Reduction of this
problem is bass on improvenient of Lhe design of the nolse source andfor attenuation of
the sound waves along bheir paths of propagation. The coutrol of noise propagating through
a tluet is, due to a number of applications, a typical example of such a task,

Thete are (o basic approaches: passive amd active. The passive method consists in
the use of various mnfflers - sections of a duct whase walls have been shaped or treated
to teduce the transmition of sonnd tronhy reflections andfor absorplion or scatering of the
soined waves,

Active noise conteol consists in adding a secondary wave created by artificial sources
to the incident wave produced by the noise souree, o that the superposition of these waves
cancels the prssure downstteam from the conpler. Active control of sound in ducts conld
v also realized by the active abvorption of sound energy by a sccondary souree or sources

i)

For the purpose of ANC cantroler design, knowledge of noise characteristics is required.
In our case, the noise is generated by a small axial fan. Resulling noise, propagating throngh
the duct, is compoked of the acrodynamically generated noise and the noise generaled by
a molor and gearbox. As the latier is dependent on the inechanical quality of the driving
pechanism, Lthe former, generated by rotating blades, is of primary interest.

Alost of the recrnl progress in understanding acrodynamic sound generation by rotating
biades is based on the ncoustic analogy developed by Lighthill [2]. Recent developments in
this fickd show that basic sownd generation mechanisms are the same for axial and radial
fans. From the detailed analysis presented by Neise [3}, it follows that all nonopole, dipole,
and quadsupole types of sources can be found in the vicinity of the bindes. Although
monopole and quadripole radiation can be important in some cases, the primary canse of
the fan noise 8 (e unsteady forees on the blades, vaney, aned the fan casing which are
generated by the interaction of these components with the turbulent low. Thiz mechanisin
of noiee: generation ir callid *dipole noine” becanse the unsteady forces can be thought of as a
distribution of moving acoustic dipoles. The blade forees can be petiadic as well as random
in uature, and, consequently, the resulting sound feld usnally has discrele and hroadband
components in its kpectrum.

A number of measursments were carried out in order ‘o find a characleristic noise
spectonm in a duct produced by a fan mounted on the ond of the experimental tube with
a diametr of 0.1 mi and a tength of 2.5 m. The fan operated in two regimes. In the first
one, the oposite end of the tube was closed and, consequentiy. there was no air flow going
through the duct. In the other regime, the end was opencd and the mean flow speed was
meanured o be about 45 myfx
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The typical experimental result for the list egime is shown in Figure 1. In wpite of
the special termination of the tbe. the *whisthe offect” of the talie i evident {whese first
harmonic is 11,5 Iiz). The characieristic blade frequency is about 270 Hz. and, in the Figure
1. it ie represented by the narrow peak of 85 dis. The corresponding rosult for the second
regime is shown in Figure 2. Fhe charactenstw blade hequeney is ainplifiod by the fonth
harmonic frequency of the experimental tube {for the opor end whistle the first harmonic
is 69 Hz}.

Kuowledge of the noise characteristics is necessary to provide the better mnderstanding
of the unsteady flow structure in the tube and (o optimize the devign of the active nolse
control sysica o
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Hig attention is paid to the measuring of aconstic intensity today. The accuracy of
thix measurement shougly depeds on the eovironment and on the quality of the measur-
ing device, The most signilicant erton when o two-micephone prole i i=ed is o renidnal
phase mismath, The inensitometers, which are based on computer-aided processing, can
correet this plase mismath by the catrection curve calculated fiom the calibration of the
intensitometer. The laboratory method for calibration of intensity probes i o wave tube
it dlexeribed in this paper. The main goal was to prepare measurement equipment for the
calibration of intensitometers,

The experinents were carried out on a wave tube located al the Department of Physics.
The tube was made of steel, the inner dianeter was 100 mm, the wall thickness was 5 mm,
and the length of Lthis tube was 2.5 m. There was one row of openings along this tube and
another opening opposite themn, These openings allowed mvasnrement of the soand feld
near the tnbe wall or any distance from the wall. To obtain a enc-dimensional sound wave
i it, a 100 unm lonedspeaker was used. A passive anechoic termination was placed opposile
the loudspeaker. The absorher, whicl was used in these experitnents as the lermination of
the tube and made of thin stripes of foan polyurcthan and a cotton-wool slipped on a 750
mn wire, was measured wnder various frequencie,

The aconstic fiekl in the tnbe was measired by a pair of BRK 1113 intensity micro-
phones with BE&K 2633 premnplifiers. Outpuix of these preamplifiers woere connected via a
voltage ampliflers to a PCI0-PGH plug-in card. This card can sample two channels at a
sampling frequency of 100 kHz per each one,

Experiments to determine the phase shift hetween the two channels of the prohe were
performed n freguency range 100 13z to 2000 Hz (1he frequency limit of 1his tabe), The
microphones were requiresd 1o be arranged in such a way that Lhe signals on both microphones
would be identical. To get identical signals on both microphones, they wen: placed opposite
cach other at the xame distance of 340 mm frow the lowdspeaker. Signals from the A/D
converler of the plug-in card were processed using the correlation function. The resulis show
the phase difference, which corresponds 1o the delay at sampling the two measuring channels
Lecause Lhis card has no satuple-hald citenits. For ficquencies above 200 Hz the delays were
identical bul at lower frequencles, uncertainty ocenrred with seiting the phase difference
because of big wavelengths of the signal. The correct remnoval of phase mismath between
the channels at frequencies below 200 Hz requires an averaging of many vajues. Ilowever,
in this case, even though the channels were at frequencies below 200 Tz, the corrret results
were gol wilhoul the averaging (phase shift < 1.1°).
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A number of experiments with different termiiitations woere performed, The shape of
the frequency curve closest to the ideal one was found when the length of termination was
400 mm, acl a 1:1 rate of polyurethan and cotton was used.

The sane microphone didtanees were measured for eacl frequiency, but ne influence of
distance on measuring results oceurred, Fig.d shows the resnhis for the miciophone distance
of 165 inm.
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Fig. 1: Distance hetween microphones 165 mm (& 0.485ms)

¥rom the experimental results it follows that intensity probe BEK with preamplifiers
and voltage amplifiers enables precise measneemimt with a phase mismatel lower then 1.1°
in all tested frequency rimges. The resuits are nol dependent en th placoment of the tested
microphones (in Lhe center of the tube with a 12 s salid spacer or in the wall),
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USING MICROWAVES
FOR BUILDING MATERIALS
MOISTURE DETERMINATION

1. Moudry, V. Boiek, M. Novotny

TV, Fae. of Civil Eng.. Dept. of Building Design
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During the preparatory stage of the reconstruction and modernisation of the existing
builidings, several problens have arisen. The main one is to find out the quality of existing
stractures which ix determined by moistire conten of inaterials, as well as by the condition
of structires.

Water contained tn building smaterials significantly changes their properties {mechan-
iral. thermal, aconstic etc.). which determines the possibility of using a product in the
construction ancl, in cnse of reconstruction, the possibility of maintenance, its technology
and extent. Similatly, duting wmanulacture of Imilding naterials, the concentration of water
in raw materials and intermediate products decides on the quality of a final product, The
complexity of the problemn of finding a concentration of water in builiding structures lics in
variability of materials usad and in the fact that water exist« in them in more forms (bulk
water, physically and chemically hound water).

AL prescut, there is no suitable method in this conntry for the determination water
concentration in building waterials which wounld satify the requirements of being exact,
quick, non-destructive, casy to carry out aid possibly a continvous enc. These requirements
are essential to bring such a method into practice. The standard method, suggesied by the
building codes and based on measuring the weight of water evaporated from & sample of &
building material does not satisfy the above mentionad reguirements (except the first one).

A solution can he ifered by so-called indirect physical methods based on an interaction
between & building material and somie form of the physical ficld. The result of some of these
interactions strongly depends on Lhe volune of water contained in a material. Some of these
mncthods are: clectrical resistance, capacity, radiometric and ulttasonic methods. Despite
of many advanlages, these methiods have also zome disndvantages, in Lery of requirements
mentioned above:

- they require a dircet contact with the measured environment,

~ the results are influenced by the amount of salt substances containel in walter,

~ some of the methods do not have a sufficient tange of mensnred values of water

concentration,

- some others {radiometric, ultrasoiic) are expensive and intricale in practice,

On the other hand, the use of the so-called micrownve method for measuring water
concentration in materials seems to be fairly promising, This method belongs (o the group
of electromagnelic methods based on the fnteraction belween a moist substance and the
electromagnetic field. It also benefits from the fact that dielectric propertics of capillary-
porcus matcerials {most building materinis) depends strongly on waler concentration in them,
especially on certain lrequencies (microwave band) of the electromagnetic radiation. Al the
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Dept. of Butfing Design of FCE TU in Biaa, the possibility of nsing microwave method
were investigated i the following fickls and the fulluwiug sesults were obtained:

a} Determination of moisture content in building material samplos.

We have determined the calibration eurves of moimture dependenice on attenuation of
elee romagnetic microwave tadtion pansing Uisongh the ~et of builling material fwowd,
chiphoard, gas concrete, plywood, sand ete.).

b} Monitoring the cement mortar hydration procass.

We have developed the guidelines for swing eleciromagnetic microwave radiation
passing through the hydrating cement mortar For monitoring the hydration process sud nsing
thiz way for finding the influence of admixtures (light ash} andd other factors (teamperature)
on the hydration process time hehaviour.

¢) Finding the etate of wooden ceiling structures.

Using madels of wooden ceiling structures woe demonstrated the possibility of using
clectrontagnetic radiation pazsing throngh or rellecting ceiling strictures for non-dest ructive
determinntion of the position and width of the brans and for extimation of their condition.

dj Determination of moisture of the brick raw material,

We have determimsd the dependence of attenuation of the electromagnetic vadintion
passing throngh hrick raw material on muisture content and temperature of the material at
difterent stages of the technological proacess of its procesving,

The “open space method” based on the connection betwoen the microwave radiation
attenualion and the amount of water in A material is the most advantageous of the group
of microwave methods na methods for non-desienetive mepsuring of moistire content in
building materials and structares,

During the interaction of elect ramagnetic radiation. which has a form of a plane mono-
chromatic and linvarly polarised wave, with a homogenous isotropic diclecttie materinl,
reflection, absorption and transmission of the radiation ape oleerved. The quantity of the
attentiabivm as a measme of radiant power absorbed in the mateind is dofined ax follows:

attenuation = 10 i}, log (incident flux density / transmitted flux density).

Using the above mentioned method we aze alile, by measuring in the open space, obtain
the value of attenuation by means of the substitntion metliol,

Y case of asing the microwave method for measuring nwisture of woed its noa-isot ropic
propertics have 1o be considersd. Wood conld be ronghly deseribed as a layered dicleetric
environment, When monochromatic and linearly polivised electromagnetiv wave passes
throngh such an eovirotment twere is o difference between the propagation factor for the
wave polarised parallel 10 e environmental layvers and pergendicalarly 1o then, n this
case the attenmation of ehctiomagnetic radintbon passing {hrongh the wooden nass de-
pends, herides s moist e, on the anghe between the incident radiation and the wood fibres
direction.

The conclusion based on the mentioned measarenunts is that the microwave method
is highly auitable for measuring water concentration in building materials and can be used
for non-destructive detection of wooden ceiling beams as weli,

Thiv vescarch has been conducted af the Diparetme nt of Baitding Degign, Facully of Ciril
Fugineeving, 4" in Brao we pad of the vezvarch project “Noa-dodvuclive deformination
of motsture conlent in building matersals and compositvon of bulifing straclures by using
microware ol elromugnetic rudiation” and has boen supported by TU grunt No, B-35/93.
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ONE-POINT METHOD
FOR MEASURING THE MOISTURE
DIFFUSIVITY OF BOARD
MATERIALS

R. Cerny, J. Drchalova
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Thakurova 7, 166 29 Praha 6
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Methods for mensuring the molstune diffusivity of porous matetials have been the sub-
jeet of both thearetical and experimental shiudiex for yeam. The moisture diffusivity of
mamy materials depends dramatically on the moisture content (sometimes within the range
of several orders of maguitnde) which makes its delermination relatively comnplicated,

The steady-state method [1], and the non-steady-state wethods by Matano [2], Dr-
chiatova [3], and 115upl and Stopp [1] belong amoug the most frequently used in determining
the moisture diffusivity, AN these methods have i common feature; they work with one-
dimensional imoisiure transport, and calculate the molsture diffusivity from the spatial mals-
ture distribution at one or several specified time levels, Therefore, they require rod samples
where the nwisture sensars are pusitioned along the longitudinal axis, and completely fail
when only buard samples ane available. In this papet, we present a inethod which requires
measuring the time history of the moisture content in only one spatial point, and therelore
is suitable for Doand materiaks,

We consider the ane-dithensional moisture conduction equation in the form

) ( 8") au. )
ar iz
where ¥ is tie moisture conteut. a = (e —m)/m;,. iy B the toass of the moisten material,
m, v the mass of the dried material, & ¥ the moistare diffusivity,
with boundary and initial conditions of u{0,1) = wy and w{x,0) = u,.
1irst, we wse the Boltzmany transformation g = r /21, w(y) = u{z, {). Then, assuming

that we kunow it one spatial point, x, = const,, the time history of the moisture content,
it = ulr, 1), we cmploy the second transformation f = (£,/29)?, ©() = w(y)} with the resull

dWVid du dn
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Aflter integrating equation (2}, we get
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where ug = u(r,. f2} and wy = a(r,.4y).
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Since the value of x(uy) is nol known. we bave to express it jn terms of the moisture
flux, j{zo.t1). Then after applying the same tranzlurmatioos to the mwisture Qux as to
equation (1), and inecrting the result into {3), we Aoally get

= 3 r 4 du v AT
w{ug) = mi_—f,: Td: W *

where m(i) is the mass history of the moistencd sample, A is the cross gection of the sample
{surface arca of the board), p, is the volume mass of the porous skeleton.

The newly developed method was tested by measurements on Dekalux (environmental
friendly replacement material of the ashestos-coment based products, produced by EZA
Sumperk, p, = 1800 kym2. board thickness 5.6 nuu). The Lest results are shown in Fig.
1. Moisture diffugivity first decreases with the moisture content and at aboul u = 0,08 it
begins to increase.
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Fig. 1: Moistare diffusivity of Dekalux

The results of delennining the moisture diffusivity by the onc-point method wete com-
pared with those obtained by Lhe Matano method [2] (rod samples 10 % 5.6 x 300 mnr, cut
from the material board), As shown in Fig. 1, the diffecences between both methods achieve
one order of maguitude across the whole moisture range. Thig result provides evidence that
the anisotropy in the two basic directions, along and across the honrd, is very important
in measuring the moiature diffusivity of board materials, and has to be considered in the
design of a building atructure,
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UTILIZATION OF SUBNANOSECOND
INTENSE PULSES OF SOFT RENTGEN
RADIATION INDUCED BY IODINE
LASER IN RADIATION PHYSICS
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Soft N.rays {(SNR), have a number of applications, cspecially in radiobiology; which
ix given by the very high biological efficiency of SXI.The contemporary development of
lager-produced plasma sources of intense SXR, gives a great opportunity 1o assist in tumour
therapy. It tequires the ability 1o characterize SXR sources (spectral brightness and expo-
sition rate). Many types of semicomlurtor detectors {e.g. silicon PIN diodes) are in general
ure for SXR detection, In the case of SN sources with low photon Mux, like radionuclides
and sychroiron sonrees (o 0% photons/s, should the semiconductor detlectors be accept-
able because of their linear doge response,  However Uicir linearity is limited by photon
flux of 10" in sec while in the case of laser produced plasma SXR sources the detectors
are irradiated by 107 — 10" photons/ns, That is why il is nccessary to develop detectors
with such mechanisms of energy inieraction and absorption, which allows us to presume
their response dose linear despite e very high photon Duxes, This condition is fulfilled hy
clemical dosemeters and thermeluminescent dosemeters.

This work contimies in the project which is based on Lhe cooperation between Inst. of
Phystes of Acad. of Scieners and Dept. of Dogimetry and Appl. of lonizing Radiation,
Some resnlis were presented at the Inst CTU seminar [1].

The lodine photodissociation laser systemy PERUN was used. This lnser operates at
wavelength 1315nm ap to 504 of encrgy and about 350 ps duration. The laser beam was
concentrated on a 30pum thick 53 loil target, AL this point in our work we were mainly
concerned abont the thermoluminescent {TL) detector on the basis of aluminophosphate
(AI-P) glass, ‘Ihe TL glow curve of this Al-I* glass shows 5 peaks, which correspond
to 5 types of teaps [2]. By mensuring the FL glow curves we obtained difierent kinds of
irradiation rources (neutrons, gaina rays aud UV we can assume different occupation of
Iraps in dependence on photon energy. Shasltaneonsly we can assume the independence
of this ocenpation with the photow fux (dose rate). This effect we can nse for moasuring
the photon flux ag well ae photon apectrnm of SXR. Al-P dosimeters shiclded by different
foils were irradiated by SXR iuduced by incident laser energy varied from 9 to 27 ), Also
Lhe response of Al-I' dosemclers placed In *sandwich”™ form (shickled by Be foil for UV
climination) were studicd. Fig, 1 illustrate the Tl glow curves of first (b) and second (c)
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position of this “sandwich” arrangement. These dosemnelers were irradinted by 15J initial
laser energy. The atworption of the Be foil ax well as of AI-P* glass were incasured by o
gauma-lines obtained from rentgenfltarescent sperctra of some alemems,

S 100 150 200 280 300 350 40
==t temptratura [O€]

I1¢ L. TL glow curtes of A)=F dogsmolers hrradinted

mer of ‘sapd™ieh’
;-nn = 3. dosemeter of 'sandwich’ lnrm [x w*

Fig. 1:

The independence on the dose rate and very low fading allow us to celibrate these
TL dosemeters by radionelide sovrees. I Fig. 1 we can see the TL glow curve (a) alter
irradiation of 58Fe (5.99 keV). Responses of A-P glass TL dosemeters were compared with
responscs of other dosemeters nsed in our cxperiments e.g. TL dosemeters and CaFa2:Dy
TL dosemeters as well as responses of PIN diodes irradiated nnder the snme conditions [3).

For alisolnte calibration of our tneasurements the Fricke solution was used. ‘This clhiem-
ical doserncter relying on its lissue equivalence ig a very suitable system for calibrating
hiological applications. Moreover, its radio-chemical yield is well kuown even for low energy
photons and for high dose rates of radiation.
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QUANTUM CHEMICAL STUDY
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The goal of owr work is an ab initio study of conformations and interpretations of
IR/Raman spectra of small ocganic molecules. The first molecuie under study was 4-
azidobut-1-yne [I, 2, 7] that is the subsequent molecule from he series of small organic
azides that were under study. Duc Lo restricted rotation around C-C bond (gauche or anti)
and C-N bond {ganche or anti) 4-azidobut-1-yne (HCCCH2CH2NI) can exist in five distincl
conformations that arc labeled GG, GG', GA, AC and AA, see Fig. 1. The first and sccond
letlers inack Lhe conformations around the C-C and C-N bonds, respectively.
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Fig.1. Five vonformers of 4-azidobut-1-yne,

A problem of an interprelalion aud an assignment of bands of IR/Raman specira was
investigated. We carried out an ab initie SCF calculations to find optimal geometries of all
poasible conformers. Huzinaga TZP basic set was employed. The SCF oplinvized geotnetrics
were checked on nonnegative vibrational modes by vibrational analysis, and zcro polnt
vibrational energics were caleulated. To improve the accuracy of ab initie encrgies, MP2
calculations were performed for all five conformers at Lhe SCF optimized geometries.

From experimental investigations [2] by means of IR and Raman spectroscopy it follows
that 5 conformers of d-uzidobut-1-yne form two groups, The first group comsists of low-
energy GG, AG and AA conformers; Lhe second one is compesed of GG* and GA conformers.
‘These results are supported by our ab initio MP2/SCF TZP results that depict a similar
dependence.
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I order 10 obtain a complete deseription of te moleenfar motion invohed in the rormal
vibration of our molecnles, we have carried out o normal coordinate analyais. Al initie SCF
force field in Cartesian comdinate space was Ltansformed 1o suitable internal coordinate
spanyy Bexamnes of sateatic overestimations of ab indtio SCF force field, calonlated foree
field in internal cosrdinale space wak sealedl,

Fhe recond molecnlar system npder stndy war RIRZNCR3=C(CN)2. where 181, 2,
R3= i1, CH3 [3-6]. The goal of our study was similar as in the Lazidobut-1-yhe investigation.
We used semiempirical MINDOZ aud AM) methods [3], ab initio MPP2/SCF calculations
[4] and IE/Raman speetra {3. 6] to fuvestigate such molecular system. These molecnles
are intensively used in the organic synthesis and $he intesive theoretical study of the
physgical and chemical properties of tlhese contpotnds has not bren carried out yet. A
normal coordinate analysis was carried ont (o obtain deseription of vibrations, Ab initio
SCF force field wan scaled. A vibrational assigneneqnt was performerd for some molecnles
[5. 6] Our extended ab initio MIP2/SCEF (Huzinagn DZP hasic ret) ealenlations depiet an
interesting behaviowr of moleenles (3, 4]
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PHYSICO-CHEMICAL PROPERTIES OF
HYALURONIC ACID DERIVATIVES
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Iyalurottic acid {or Iyalnronate) (HA) is a linear carbohydrate occuring in the connec-
tive lissue matris. 1s disnecharide monomeric unit is buill np of N-acetyl-D-glucoseamine
and D-glucuronic acid interconnected via #(1-3) and g(1-1) interglycosidie bonds,

HA macromolecule contain a considernble amonnt of regio- and sterco-chemical informa-
tion, which ane of mlstantial importanee in selecting and directing processes on membranes.
For all this potentials, it seems that 1A and IBA-crosslinked derivatives seem to be the top
candidates for the construction of the new ro called “xmart” drugs or "smart” drug delivery
system, Such as systens are releasing the active deag or therapeutic ageat a8 a response
to n biological or an cxternal stivulns,

]
Lot
"

L]
Scheme 1. Reaction scheme of the alkylation procedure.

In the Krst stage of the inllammation proces, the enhanced capillary permeability per-
mitx the accumutation of polymorphonuclear lencocytes and other pliatocytic cells at the
inflamation site. These phatocytic cells ean be activated by the imnnne complexes and
other inflammation generating compuuds, thus producing highly reactive hydroxyl radicals,
which are acting ax a bactericidal ngent. These radical proceses are of a great importance
in the strategy of 1he building the suitable deug delivery system based on the liberation of
the active enbstance upon Uie radical induced degradation of the host matrix.

Our current interest is focused on the micelle-forming and liquid-crystal polymeric drug
concepls, We are primarily interester] in priserving the polynwrization degree of the poly-
mwer, while maintaining the hiologically and physiologically important side chain groups,
1. the negatively charged carboxylic groups and the acetylamide. For this reason, for the
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alkylation procedure, the selective method was weed, where in the fiest step, alkyl sulfate
and the palynier alkoxyde form an alcoxy-sulfonyloxy-complex. Under strict tempeiatuee
control this reaction s selective for primary alcohals |1]. In the second step, the complex
amn] the aleohal are added to KON and sticred in DMSO for several hours [2] resulling in
the alkylation of the polymer backbone, ‘The syntlietic procedure is schematicaiily stiunn on
the scheme 1. The synthesized new derivatives of HA, mamely the pentadecyloxy-11A and
hexyloxy-HA, and its solutions were charagterised by the viscosity and the theologicat mea-
surcments, by Uhe size cxclusion ehromatography (SEC) as well ax by differential scanning
caloritetry measurements {DSC). The latter show the liquid erystal phase trapsition at the
temperature of 5.537 *C for the pentadecyloxy-HA derivative as shown i Fig. 1.
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Fig. 1. DSC heating curve of the pentadecyloxy-hyaluronate.

The typical viscosity hehavior of pure HA solutions which is characteristic with the high
vigeosity [$,4] and the simultancous clasticity is afier the mentioned modification lost due Lo
the succesfull micelles forimation. 1L sectus tint the liguid crystal phase teansition process
observed for the longer alkyl cliains s induced by the micelles ordering procesy affected by
the electrostatically indnced temporary Jattice formation in the solution.
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There was stwdied a process of surface hydrophobization of ceramics by the methods
of theoretical and applied Physical Chemistry. Thin Jayer {8i03) models were prepared by
chemical vapour deposition of 5104, The hydrogylic defects were generated by reaction of py-
rolytic silicone dioxide with gaseous water. “Total amount of $i-OIl groups were determined
by VWV spectrometey alter ceaction of these with fluorescein izothiocyanate tetraiodine,
Continual monolayer hydiophobic sutlaces tightly adhered o the -Si{OH) surfaces were
prepared by photochemically activated chemisorption of aromatic carbonyl compounds of
alkyl benzenealdehyde on defected gubstrate, Quantum yield of photochemical reactions
were determined experimentally by the experimental equipment constructed specially (or
this purpose. ‘Thiz equipment comprises: stabilised continual light source (Hg high pressure
lamp), madulaiors of wave length and light intensity, temperated quartz cell compartment,
and chemieal detector of light fntensity. For the sake of this study alse the continual high
[requency low-1emperature physical plasina reactor with Auid zone lor organic as well as in-
organic particalar materials was construcied . The parameters of this reaclor were testificd.

Solution properties of studicd biopolgmers (hydiexyethyloellnlose, carboxymethyleellu-
lemse, hyaluronic acid) were studied in water 2olutions of dilferent jonic strength. There was
lound that a degree of the polymer coil expaision is strongly depending on it in case of
polyelect tolvies,

The diffusion processe of swelling mnl dissolution (in a dynamic regine) of the men-
tioned polymers were studied in temperalnte range of 20 1o 50 °C. On the basis of this mea-
sement Uhe values of the internal diffusion coefficients, activation parmueters of swelling,
and disolution were determined, It has been lound that these values are strongly depen-
dent on the thermal history of the polymer sampke, Strong dependence of internal pressure
in polymer swelling surlace layer on the thermal history has also been detected. For the
comparison of these phenomena with synthetic polymers al the same time the dissolution
of fibrons polyesters were studied.

There are three papers in preparation for publication,

This reseurch has been conducted af the Facully of Chemistry of the Technical University
of Brio as @ part of the verearch project “Sindy of prt puration, structare and propertics of
malcrials for apecial applications®, and hos been supported by TU grant No. A 16/93.
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Heterogrneons photoeatalysis in capable of destroying many organic miciopolletants
in aqueous tnediun.  Degradation of the utganic wisle materials (phenols, surfactants,
aromatic and alifatic halocarbons} by irradinting 1heir aqueons titanium dioxide suspensions
is of increasing teelmological and scientific intensts,

In our Jaboratory was built the photocatalytic instroment st consists of the immes-
sion phatoreacter with a guartz sleeve and a high-pressure merenry lamp, flow-in cells for
continuous measuring of pll-value and comductivity and automatic instrumoent for evolved
carhon dioxide sstipation,

The quality of pholocatalysts used for experiments was iested by the new developed
method based on the photecatalytic degradation of 2,6-dichlorvindophenal (DCIP) in aque
ous suspension. lriadiation of titanium dioxide in aqueous auspension of 2,6-dichlorcindeo-
phenol leads o a rapid devomposition of 2.8-dichlorvindophenol, The rate constant and the
apparcnt quantuin yiekd were caleslated. Some of the experimental results are presented
hellow,

The photogenerated radicals in titanium dioxide powders and aquecns saspension
have hoep studiel by electron paramagnetic revonance.  5.5-Dimet hyl-1-pyrroline N-oxide
(DPMO) was used as the spin trap.

Photocatalytic decompoition of p-cresol in the aqueoun titaninm diaxide swspension
has been studied. All products of this reaction were studied by high performance liguid
chromatography. It was proved that the following degeadation products have heen formed:
p-hydroxybenzoic acid, p-hydroxybenzaldehyde, 1-methyleatechol, carbou dioxide. Based
on the results obtained, the reaction mechanism of pe-cresol photocatalylic oxidation in the
titanium dioxide aquenus suspension was proposed.

Whaste water frony the pulp mills and te other industry often contains zoluble saccha-
ridic compounds and cellulose derivatives. We have focussed our research on the ploto-
catrlytic degradation of cellvlose derivatives. We have studied first the hydroxyethyleel-
lulose as a model compound. In addition to basic mesuremients of reaction products we
have concentrated on the viscometric study of degrndated polymer. The nverage degree of
polyinerization was determined. From the dependanee of average degree of polymerization
on the irradiation time and the other expetimental data the mechanism of polymer chain
degradation was sutiested. These data suppert the eximtance of a random mechanisin of
hydroxyethylcellulose chain cleavage.
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The solar photocatnalytic degradation of hydioxyethyleellulose in atpecons titanivm diox-
ide smspension were perforined and the similar offects were observed.
A wide literature searchi for the methods of waste water purification were vealized,
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CATALYTIC PROPERTIES
OF CuO-Bi,0; MIXED OXIDES
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Within the framework of systematic research of mixwal oxide catalysis attention has
been recently devoted (o systems containing BizOa oxide in interaction with the second
component. Catalysis of this type are wsed in industry for various oxidative reactions {1].
Two sclected systems {CuQ-Biz05 and KiQ-Bi05) were studicd in detail from the point
of view of chicmical reaction and influcnce by jonizing radiation, using hydrogen reduction
as a test rraction. The results of this sudy have heen presented in eatlier papem {2,3).
This contribution summarizes the resnits oblained in 1994 in the second field concerning
the investigationt of hasic physico-chemical and catalytic propertics of CuQ-Bi;O3 mixed
systenn an its sensitivity towards various kinds of jonizing radintion.

The CnQ-Biy0O; mixed catalysts of varions compozsitious i the range 0-100 % were
prepared from solntions of respective nitrates mixed in requined eatios and coprecipitated
with sodium carbonate solution. The precipitales were washed, dricd and calcinated in air
for 3 honrs at 600 *C. Flie full decompaosition of carbonates to the final oxides was confired
by means of thermoanalysis. A part of eacls sample, sored tn air at roott temperature for
a few months, was irvadiated prior to its use with **Co gamma rays {doses of 0.5, 1.0 and
1.5 MGy) or with accelerated electrons {onergy of 1 MeV) uging a dose of 600 kGy. The
catalytic activity of all ssmples was Lested by the decomposition of the aqueous solution of
hiydrogen peroxide (1.2 molfl) at differeit temperatures from 25 Lo 40 “C.

Vartous crystal stritctures of Biz03 oxide appearcd in the samples of different compo-
sition and non-lincar or non-monotonous depemdlences of spocific surface areas and surface
oxidative abilities on the composition give evidence of mutual influence of both oxides in
the catalysts. This infuence scems lo be xo strong that it stayod unchanged after a long
petiod of storage of Lie samples as well as afler their irradiation, excepl in the case of irra-
diation with the grinna rays dose of 1.5 MGy and with electrons. Becanse all applicd dosez
Icad to a decreasn in the surface oxidative abilities of the samples one can assume that, in
spite of the carlier studied pure Cn() oxide, irradiation of Cn0-Bi;Oy system leads to a
reduction of metal ions probably by means of (he hydraled clectrons which are formed in
the course of radiolysis of the moisture presented in the samples. Two oppesite cffects are
probably occurring with the samples irradiated with accelerated clectrons containing a high
concentration of CuO oxide: the Arst is positive and unstable and the sccond is negative
and rather stable, While the negative effect may also be due Lo the reduction by means of
hiydrated electrons the positive effect may be caused by direct ionisation of metal ions in the
catalysts. The highly ionized jons recombine with unbalanced electrons during the rtorage
of the catalysts and the oxidative abilities decrease,
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Similacly, ns in the caxe of surface oxidative abilities. conviderable dilferences in eatalytic
activitics between ganimasirradinted catalystx and the catatysts irradiated with accelerated
clretrone were Foml, T the Brat case the gamma-irradiation produces the defects influ-
encing the interaction of hotl) baric oxides in the catalysts which mauifests itself by the
new maxima o the pon-inonotonous dependeney of the specilic catalytic activity on the
eomvpmition o the Fatvate The prmray interaction of the components remains, at the
same time, anaffected by ircadiation. The interaction indaeed by the radiation is, of course,
possible ouly at a coriain compasition of the catalysts and hevee. the maxima were fonnd
at the same compoxition of the catalysts reganllew of the applicd doses of ivradiation. ‘The
influence of accelerated elevtions on the catalytic activity of the sampl~ was found to be,
unlike the gamma-irradiation. nnnmbigeonsly negative and this kimd of irradiation does not
lead Lo the ervation of new interactions hetween the compuoients of the catalysts. The fact
that the activities of irradiated samplr are also deereased during their storage amd the
primary mutual interaction disapprars proves that sume post-radiation processes veeur in
this caze. Comparing U influence of efectrons wpon the catalytic activities of the samn-
ples containing o higher concentration of () uxide with their infloence upon the surface
oxidative ability one can conclude that the surface oxidative ability of the samples dors
not determine wnnmbignonsly the catalytic activity of the catalysts i the test reaction,
The modifiel activiiy may he dne (o aetivation of siome new calalytic contrea with a lower
cfficiency which is e same at all Kinds of iradiation.

The partial 1esults presented i this gaper have already been published in more detail
in Radiation Physies and Chemistiy.
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We comrsider the Bdlowing experimental situation: thin Ni film s deposited on the
nmonocryatalline Si sulstrate by an evaporation technigue. awd the sysiem then undergoes
pulsedd Baser rradiation with a laser eneigy density whicl is not high enough to melt the
surface of U sample, Due 1o the ierensed temperature, A solid-state chemical reaction is
initinted on the NifSi imtordace,

Following the classical 1heory of sofid-siate veactions [1] and the previous experimental
work on Ni sificides (s, g the extensive reviews (29]). we suppose that the chemical
reactions in the solid-state Ni-Si system are driven by diffusion cffects. Thus, a chemnical
reaction can stard, when Ni atoms diffuse into the $i bulk and/or Si atoms dilfuse into the
Ni fayer, Sinee it is not yet known exactly how the reaction hetween Ni and Si runs when
the aystem is ireadinted by i laver, we chioose an empirieal (treatment and assume that only
zoiiie of the diffusing atems ean be trapped in the laitice of the majority compound Lo form
a silicide, whereas the reniaining atoms diffuse et her. ‘The type of renction which actually
runs in a Ni-Si system depends on temperatare primarily. Therefore, the diffusion equations
for Ni and 8i have to e solved together with the eat conduction equation,

In every point we model the chwemical reactions as follows: It accordance with [2,3]
we assume thal for T < T, the pradominant chemical reaction is 2 Ni 4+ 51 = NigSi and
the only silicide foried is NigSi. When T > Ty but still T < Top, we suppose Lhat only
NiSi is formed, either by Nig8i 4 5i — 2NiSi or directly a5 Ni+ Si — NiSi. Since the heat
necessary for the former peaction is approximately 4-5 times lower tban that for the latter
(gee [4]), it is apparewt that for the formation of NiSi the finst of the above mechanisms will
be dominant.

Aler the temperature reaclies T2, we assume (hat only NiSiy is formed, cither as
NiSi + 8t — NiSiyor Ni 4+ 281 — NiSiz, eventually also NigSi + 35 = 2 NiSia, because there
miay Ll rempin some NigSi due to 1he rapidity of the process, The first mechanism is
dominating again beeaure the emt necrsary for this reaction it almost 20 times lower than
that for a direet formation of NiSiz from Ni aml 87 and approximately 4 times lower than
that for the second of the above reactions.

To illustrate the pecformance of U mindel we present n brief description of the numerical
expetiments perforined amd some typical resnlts of our computational simulations. We used
the wodel to gimulate pulset-laser indured chemiead roactions in a Ni-St system with an
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initial thickness of the Ni layer of 500um. Tiwe duration of the laser pulse wax 28 nz FWIIMN
(full width at hall masimum). The cnergy density varied from 0.1 to 0.7 Jfem®; Oese
values are insnfficient 10 melt the anface of the cample, 1o the mmerical experiments, we
simulated the development of silicides in the sample for 1 s,

Firstly, we performed numerical tests of the model. We varied the immber of nodes
and tiied to chvvss e 3 sned @ weax that erriain eharpeteristic values of concentration
and temperature agreed with 0.1% acouracy on both the coarser and the finer meshes. We
found that the opthinum values from this point of view were cca 500 clements in the initial
Ni layer and 1000 clements in the initial Si bufk, Similarly we investigated an appropriate
time step for the computations. We foundd Lhat Lo obtain 0.1% agreement an above the
maginmm atlowable time step was 0,005 ns for the first 100 ng, whereas the fime step could
be significantly greater after 100 ns. The experiments were dotie on an HI? 720 workstation
and a typical simulation took approx. one hour under the single-user regimme,

After performing the numerical tests, we then simudated the real experitiental sitnation
which we descrilbied above. The results abtained in this case were in good qualitative agree-
ment with Lhe real experinents, For instance, we observed that the swhole 500 mn Inyer of
Ni has fully reacted afier one laser pulse, whick ix just the sitoation observed experimentally
[5]. In general, we have found tle model capable 1o simulate pubsed-laset itunleced solid-state
chemical reactions in the systens ender ronsideration.
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In thig paper | describe the construction of a mathematical model for deliming white
fide materials. The mathematical model is proposed on the basis of the following presump-
tions; the mass transfer in the hide ocenrs by a diffusion mechanistn, The diffusion occurs
along the actual pore length, The model is very comprehensive and describes the evolution
of concentration in the white hide, The system of non-lincar pattial differential equations
describing the physical process, is solved numerically uwsing a network {1]. Partial deriva-
tives can be approxitaaled by finite diffciences in many ways. depending nwpon accuracy
requircients,

{n this case numerical sinngation helps us to obsetve the concentration ficld in the white
hide and on the basis of the concentrativn licld we can suggest an algorithm of control.

Deliming i an opeeation, its mosy important feature is the decrease in the Calciom
hydrexide content of the raw hide material. Parameters which characterize delitning process,
are the following:

- operaling Linwe.

= accurale consuinplion of waler,

- temperature of Ui bath,

- wype and accurate cotsmnption of chemical agewts,

For an algorithm of control design is necessary to solve the problem, which is the main
purpose of an antomalic gearchange.lt may be achicving a suitable quality of product,
minimum operating costs. QOptimal control of the deliming process means a minitmum of
consnnplion of water or chemical agents, and also a minimum of operating time, which is
directly connerted with the conmunption of clectric energy for the propulsion of deliming
eyuipment.

\We can demionstrate a simple cane of the defiming process, when we require removal of
the content of Caleium hydroxide in white hide by using water iu the bath. For an algorithm
of control evign We will choase economic critetin, meaning & mininnim of eperating costs.
Consumption of water and operating time nnist be chosen so that Lhe costs of water and
clectric encrgy is minimal. The same quality can be achieved by using a smaller consumption
of water and a knger operating time, or by using mote coussmption of water and a shorter
operating Lime,

The cost function is delines

N=NE+NV (1)

wheoe NE = KE“P™ ix the cost for consumption of olectric energy, NV = AV « 1} is the
cost. lor consumption of water,
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K E is the price of electric energy for kW /h [US/kWh],
K1 is the price of water o deliming agent for m® {US/m.
15 is the canaumption of water v deliming agent Jin®).

P is the poveer of machine [k\W],

£ is the time of deliming process (hodi.

In the cquation we can s that it i necessary to find out tie optimal value {Vop,top].
when the cost lunction is minimal. The problem s defined as exticinum regolation [2].

In order to find out vptimal valne we have Tormmlate matliematical imodels. which
describe dynamics of defiming process in detail.

The deliming process is realized i the two phases, first one is deliming by water and
the second one by chiemical agents. There were two mathemathical models, which were for-
mulated on the basiz of analysing dynandes of the deliming process [3].There midels are
described by partial differentinl equations. from the point of theory of antomation it is the
question of the control syetom with distributed parametors. This tagk is a very difficull
problem not only in tannery technology, but afso in the connection of antamation,bechuse
ronlincar-system with distribuled parameters are very little exeented. The 1ask deseribed
by (1) means static constrained optintization by cqnations deveribed i models [3). For
optimization we have suggested algorithm {6], which provide ns (o solve partial differencial
equations of 2nd oeder (in this case We solve] non-linesr system mumerically nsing a net-
work) an then we have applied differeat known methods for optimization (7). Becase of
complicacy of the system We have chosen a methed not weing derivates but only comparing
coordinates.

Conclusion: Solution describied i this paper enables s to save operating costs and
along cocflicients occurring it Lhe system {3] we can approsimately set the optimal input
value for deliming process [4]. Because of resemblance of tanning operitions we can apply
these mathematical madels for control design.
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The genetic algorithm (GA ) proposed by Holland [2] is based on the principles of natural
population genetics and natural selection, The algorithm is a sort of simmiated evolution
search atgorithms to find the glohal optimal solution of the unknown nenlinear function
# = Jlr). The wetlen) elungs to the family of geunera) purpose random search algorithms,
Recently, genetic algorithins have been combined with fuzzy logics to oblain a power 100l for
adaptive fuzzy logic controllers design. This paper prerents one of possible implementations
of gonetic algorithms to identify a fuzzy logic controller (FLC). The aimt is to une the
paramctery (membership functions) and to derive fuzzy if-then rules (linguistic associative
memory, LAM) from a given set of training data samples. ‘This can even be accomphished
sitnultancously using the genetic algorithin we propose below.

GAx differ from conventional optimization procedures (e.g., error backpropagation) in
five aspacls:

¢ GAs operate with encoded parameters rathor than with parameters themselves,

& GAs search from a set of points, pepulation, rather than a single point.

» GAs evaluate only ohjective functions, fitness functions, and do not use any auxiliary
information (e.g., derivatives).

» GAs guide Uiwir search with probabilistic transition rules,

+ GAs proceed in parallet scarch on a potential set of solutions.

‘The general scheme of genetic algoritinm can be described according to the following steps:

step B, Choose an appropriale code for adjustable paramneters and deterine the string
leugth. Define an analytical form of the fitness function.

step [. Establish an initial string population.

step 2. For each string from the string poptlation evalunte the filness function,

step 3. Form o gene pool from strings with the lowest values of the fitness fuuction. If the
lowest value is less than or equal to the desired valwe or the mimber of iterations
cquals Lo specified ones, then STOP. Otherwise continue to siep 4,

step 4. Apply standard operations for string reproduction te the gene posl Lo obtain a
new string population and go back to step 2.

The only stage where the problem information is involved is the coding of parameters
into a string and evaluation of the fitness funciion relaled to the string. There is no general
rule how to encotle adjustable parameters.

FLC internal structure. Let the plant be a system with » oulpuls (stales) 2y,...,2,
and a single input y and ny,...,n, are different fuzzy input partitions, respectively. We
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consider the maximal number mof wule antecedents fe.. e = agna.,.w,. Lot moalso be
Uic numbet of all ontpunt fuzzy sets represented as singletons whicli can be abtained from a
clustering procedure applied to outpnt samples. Thes, we allow each rile 1o have jts own
unique concliugion. Pavitions of singletons are the adjustable parameters for o, So we have
the #-fh rule:

¥ ryis Ay ol is A, TUEN pis b, where i1 om. (1)

Coding. Each conseqient part b, of the previous relation belongs to a set of labels (i.e.,
i, € {0, 8y, Buv.... Bu ) whete the symbol 0 denotes that the rale is disabled. 5, 5 may
be integer labels LZ...an and they reprosont lnguistic variabhs, e.g.  fope, negaliog
approrimatedy, ote. which are placed at egually spaced positions on the omtpat domain
[Bmins Broand. Labels can easily be transformed te real numbers as lollows:

- Yows = ¥min (53 = 1) + Yaiu (3)

i m=1

Thiis, we hieve a vector of grndes of ontpit nsembership functions which i 1o he deffuz-
ifiedd. eg. by the COG methold, Therefure, paratieters are encoded into steing the S,
8 = (b bae o By Such coding not ouly allows us precise singleton puositions It alwo
determines {he consequence links, Note {hat inpm fuzzy etz Ay, J = Lo are fixed
triangnlar memwbenhip functivas given by designers and just two sets can wverdap.
Fitness function. e htnes function, F, which is to be mininized, tells us how good the
string is. bt many applications, we nse the snm of squared errors as o easure of quality:

FL8) = 3ol &) — o i)l + a N, E]]
%

where £ I8 a k = th vector of Lraining activation data, reference plant ontputs, and g is a
current FLC reaponse schich shonld equal te #°, & reference reaction. N is the monber of
nonzero labels in the steing S, The seeopd term of he right-lamd side v (3) is optional
anel penalizes an fucreasing vumber of fuzzy tales by o weighting Tactor .

Genetics. Standard meproduction operations on sirings are scleclian, crssomer, mutation
and dlite strutegy. These operations are problem independent.

Concluding remarks, The G presented alwwe winks ax a blind search algorithm with the
fitness Iunction deseribing the global behavior (ertor). We conld spend a 1ot of iterations o
obtain an aceeptalde solution. Possible improvements are advizable to make the algoritlun
faster, ‘Chese improvements involve starting with w ‘good” initial string population and also
loca! evaluating hehavior in order to fix the “correct” lalels and reproduce only those “had'.
It is also necessary (o gruevate & owew population after several iteration steps; otherwise
rbrings converge.
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The pagrer presents fuzzy nunlelling as a tool for design of nonlinear controllers. Fuzzy
logic-neural networks (FLNN), providing general nonlinear inpnt-output maping and incor-
porating learning ability, an- ueed ax a basis for building up nonlincar vector functions for
discrete time diference models. Lnsupervised and supervised identification techniques are
deseribed as well as resalts from data driven identification of a controller,

Fuzzy logle comnitler (FLCY is geocrally a nonlinear dynamical system and its often
reportal snecese in applications is namely due to the nonlinearitios introduced. Ve regard
nonlincarity ar a synonym for intelligence, There is an extensive number of paramelers to
e adjusted aud it i not cary to decide which of 1lem and in what manner they have Lo be
tuned in order 1o get the desired performance of the control system. ‘T'his paper presents
& systemmtic approach for fuzzy model identification and coutrulier design, A fuzzy system
inclading fuzziliention and defnzzification interfaces is a nonlinesr mapping £ from an input
space X to an output space ¥V in the form of differeace equation

W) = St = 1rlt = 2ncoonlt = Doyt = 2),...) n

The mapping f is nol defined analytically but as selations hetwen reference points ie.,
training sapiples, obtained for instance from experienced lmman operator. These points are
logically linked by if-then rodes and stored in & linguistic associative memory (LAM).
Fuzzy Logic-Neurnl Network

Architecture. A Fuzzy Logic-Neural Network (FLNN), proposed by Lin {3]. is a particular
implementation of a fuzzy system cquipped with lezzification and defuzzification interfaces.
FLNN is principally Inilt of five neuron layers and its inferual representation is highly
monlar, bt estricted in fuzey eale consequences. Our desire is to keep the function of the
FLNN trauspatent, imterpretable and Tnlly paramettized, FLNNs mecet these goals,
Identiflcation techniques. The problem of a FLNN identification is generably constrained
noalincar optimization problem. We tveognize unsupervised and supervised techniques for
the FENN mode] identification, Tn the unsapervised case the FLNN is activated from hoth
siddes by correlated referenee data in order 1o set initial pavameters (membership fonctions)
ame) Lo devive fuzzy rules (consequenees). Thus the FLNN docs not play an active role. The
supervised identification technigues work either of-line or on-line. The FLNN works in the
operalion mode and geterates outpits which are then compared with the reference ones.
This etror is used for the adaptation of 1he FLNN and we can easily introduce an explicit
criterion to deseribe moded guality. Two gronps of methods were Lested, genetic algorithms
(G A) and the errar hackpropagation method,

Fuzzy clustering. FUZZY C-MEANS, the classicnl algorithm of data clustering, is applied
for amtomatic generation of inpul fontpat relerence fuzzy sels,
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Error hackpropagation. Supervined ifentilication lased on backpropagation gradient
technigute is tased for 1he Jocal search. The superesion is governed by the criteion

f e %.‘f.f Y = ul (PPN Y3, )

where y is the net onstput. y* is the correrponding reference oudpiet and s is a node activation

input, 0 may be patanwters of membership functions as well ax weights of synaptic links
between layers.

Experimental results and cotnmients. FLRN idemtification technigues were tested on

one input - two etlputs plant data. Experiments proved the validity of ideas given above
and showed some colorarics and Jimitations. The most appropriate memnbership functions

of input fuzzy sels are those with triangilar (or trapezoidal) shapes and overlap paramcter

vquals to two. The reason is that these membership functions approxinmie "continnowsly”
while others (e.g., bell-shaped) approximate 'stepwise’. Without lost of getierality we used in

operating mole singletons as ontpul iezzy sets, Facl fwzzy set, dividing into seven linguis-

tic teems (labels) ag {LN YN, COLP) war defined on medium density diserete dominin,

Firstly, ontpat and inpol data were clustered by fuzzy Comenns algorition, e, we olstained

positions of membersivip function peaks, This preliminary step saves much work latter, Soe-

ondlly. uzzy rule comsequences were derived astug backpropagation. FHepe we found weights
of synaptic links hetween twu layen in two pliases. Britially weights were incrementedl (from

zero) by values of maltiplication of fuzzy antecedent and fuzzy consequences (Mimndani's im-

plication). ‘Vhen these weights were updated in backpropagation phase where samples with

small errors were not far comddered in the teaining set, Finally, the link with the maxinmun

welght for cach tale antecedent st be chousen in order to keep consistency, M this value

is small enougl that rle can e deleted. Updating oupat singletons in the backprapagation

algorithm has no effort and even dne 1o geadient descent approach applied to “nonstandard

neural functions' singleton positions may be deteriorated. Therefore Uese positions were
fine-tuned by the well-known method of least squares. However, manual design of FLNN

topology and iy parmnetern domimates in the vugineering practice at pronent. Designers

prefer using rather their experience then data diiven algorithiue of automatic tuning, The

main reasott iy that bad reference data may dead Lo incorreet model as is ofton the case in

training of neural networks, B is advantageons 1o combine the hoth design approaches and

this i o chatleage for the software too! developers nowadays.,
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A fuzzy comtroller is a nonlivear dynimic syslem with apecial mapping of input /output
variables. In its structure, its parnmicters and, sometimes, alse in its input data, human
experience can be involved in a haman-oriented “fuizy™ way. There are several classes of
fizzy regulators, hased on dilfocent kinds of fuziy sels reprosentation,

w

— u Yy
R T S L
h. 4
D

Fig. 1: Rule-based fiezy control system

Onr article deals with a apecial chss of suel systems whick can be characterized by a
formal scheme shown on Fig. 1., where £ i o luzzy tegulator, § is a controlled system, i is
a (zero order) hold and #2is a ane-gtep time delay. ‘The system varinbles are; 1 ... regulator
internal state variable, v ... regulator ontput variable (as well as contiolled system input
variable), y ... control sysiem outpnt {incluling sometines general system performance),
w .. regulator external input (including desired value of y, measured external disturbances
and eventual mman expertise), The regulator can be describod by

wlk 4 1) = fle(b)oplk), k)] (1)
for siate variable development (F is a diserete time variable) and by
w(k) = gle(k), y{k). (k)] (2)

for the regulntor ontpnt. Some sophisticated control systems imprave their performance
casentinlly if hman experience jw involved in the control system in an atypic way, For
example, fame length control in o rotating kiln [1] could be notably improved by changes in
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the system configuration {the oprning or closing of kili olrwrvation windows, the connecting
or disconneeting of <elected clnssienl control loaps, the apening or chowing of the building
midn doot et} in dependenee on a kilo working potut ane fudirertly obsrrved atmospheric
conditions (sincll of the smoke, personal fevling, pn:tipilntiom sky observation, etc.). This
example shows hoth l.ypvs of IDOSSIMF liman expeticnes involvement in a fuzzy control
systenm: what is tu e dune T aitalin cotahee ffaeesione £ aml o e the contealler), and

fulfillment of such conditions (man expert generatid cmnpum-nl of the external i input w),

I the functions £ anet 3 are baced on rile-hased information propagation similar to that
of PROSPECTOR, FEL-EXPERT or NUCLES [2] expert systems, we obtain a structure
which can be easily programmued and put in opetation. Such a structure can he characterized
by an oriented graph cousisting of wdges vrepresenting siguals and by nodes representing
signal transformation fusctions. While in the classical PROSPECTOR-like expert system
the majority of signals can be taken as {apriot and aposteriori) probabilities, in control
system more emphasis is put on physical significance of signals, In consequence, many
nodes described by distribution function can he expected in its structipe.

Typical examples of signal - probability trmmformation in a rale-bawnl fuzzy contiol
syslem are the nodes GAUSS (Gawastan moltidinwnsivnal distibution). GOR {formaliy
described by a group of one-dimensional Ganssian distiibution funetion nodes, follownl by
a fuzzy OR), UXL, UNQR {similar functions characterized by an uniform distribution), and
EXPO and EXP?OR (exponcstial distribution} which are used in NUCLES expert system.
All these lunctions can be characterized either as o transformation of the set of signals to a
{subjective) probability of occutrence of some pheaomenon or as i transfonmation of such
set of signals to another somehow significant signal, The geneeal prablem of invelvnnent of
human expericnce in the regulator stractare and parimeters is in tis cane facilitated by ity
rulative transparency. "Thie ralesbased structure of the above mentioned functions £ and g has
another imporiant advantage thanks to their similarity 1o the Nilson's ¢ machine: in case
of having available a signilicant set of inpat fontput data (which can also be acqoited from-
limman esperience), theie parameters can by adapted (Ttrained™) by the mcthods described
in [3].
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This paper shortly describes the construction of an original autonomous mobile platform
development, Our interest is ainved at the atea of control systems of mobile robots, methods
of sensor data fusion. and navigation of mobile robots in inaccurate indoor environment.

Il was necessary o dexipgn a development environment and onboard navigation sys-
tem which have to be wsed for teaching purposes and research work. The development
cnvironment which makes up the mobile rohot mechanical platfoun contains motor mo-
tion controllers, odometry measureient sensors, and an onboard communication net. The
onboard navigation system is a hicrarchicnl control system which allows lor the low-level
control (i.e. to more the vehicle from a given initial state o the desired state).

Mobile Robot Platform. The vehicle is a rectamgular platform 0.5x0.45m driven by
two DC motors conpled Lo 2 driven wheels and two additional swivel wheels. The driven
wheels are interconuected with motors by the 1/25 worm gearing. The total load of 100kg
i assumed.

The Architecture of the Control Systen:. The prolilem of designing the control
system can divided into 1he task of control algorithie deaign, and 1o the design of the
hardware architecture for this purposs,

The theorctical hasis of the “21) vehicle miotion control system™ is deseribed in [1} It
solves the problem of the trajeclory planning and trajectory tracking. From a theoretical
point of view, the control problem can be clagsified as a nultidimensional multicriterial
nonlinear one. Such a task can not be solved by a simple feedback controller - the system
lias a too complicated and noslinear structure. A hicrarchical approach hiw to be used:

# At the highest Jevel, trajectory paranweters are set in the form of point of desired
trajectory ([position in 2D, velocity veetor]}.

o At Lhe intermediate bevel, desired local trajoctory paramcters are computed.

* At Lhe bottom level, a simple local PID controller is nsed to compare desired and actual
local trajectory paramecters and to compute the control action.

The control schema shown in Fig. 1. The onboard navigation system comprises a
reference-state generator (ST = [position, ve locity nucter, motime]), an error-fecdback con-
troller (the current state is input = [position, oelocity vector], and vebicle location sensing
using odometry.

Requirements on the communication net of 1he vehicle {onboard net) come from compu-
tation intensivity of each module and from the quantity of data which i transferred among
these modules.
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Fig. 1: Hierarchy of the control system.

The organization of the onboard communication and the corresponding hardware de-
vices cames from the chart (Fig. 1}, Throe micro-controlless 300552 are wsed for the vehicle
motion controller and the molor controllers. The two of them are used for the control of the
two DC motors and for the seanning of e 1evolutions and positions of motors from IRC
2CNSOrS.

The 1IC bus provides communicalion anmeng snlor coutrollers, eehicle motion cou-
troflcr and the other devices on the vehiele (that meang the onboard communication net).
‘The PC compuler is an onbonrd arbiter of the 1C bus and it provides connection to the
higher level of the contro) system by Ethernet or serdal link,

Future Work. Tlhe onboard control system for the 21) mobile robot pavigation, is
undergoing testing at present. Nex( we want ta uxe the control algorithm for 2D vehicle
control. It will he nsed s the developing system in Wie area of mobile robotics and robot
navigation.
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The CIM applications of real size ave currently testing the limits of sofyware engineer-
ing because of their extent, the amount of data to be handled and specialized knowledge
to be embodied, Monolithic solutions are hecoming non-realistic and difficult to engineer
into reliable software products. Morcover, there are many diverse software packages work-
ing efficiently as stand-alone programs that need to be integrated into a global software
solution. ‘This is definitely true in the companies with gevgraphically distributed noits {e.g.
if the technology development department, administration headquariers and manufactur-
ing facilities are located in differont towss/eotntries). The only way out of Lhese software
development problenws soems to e the highly distributed multi-agent software architeclure,

Methods of Astificial lntelligence, especially the theory of multi-agent systems, have
been explored tu design the CIM disteilntted archiitecture. The approach is philasophically
based on llewit's actor model. The phikesophy of actors {or ageats) beads to the possibility
of considering agents as structures that combine both proceduns and data inte a single
ontity - an ohjeet.

Suppose that the CIN task shoutld be solved at varfous geographical sites, The de
compusition of the entice CIM task is usually already given by the location of the facilitics
(workshops, design centers, ele)) and very specific well-defined functions of these facili-
ties. According to the fanctionality, many typical units can he found (e.g., selling agencics,
business coordination unit, manufacturing units, technology development units, etc.). In
the real-world tasks also nccounting, maintenance of resources, legal affairs, and marketing
aclivities have to be supported,

The presented {acts show that the CIM task decomposition and the allocation of sub-
tasks are usually functionally pre-defined and do aol create a substantial problen,

Comtnunication plays a dominaut role in distrilnted systems. Every functional unit
{module, node) of the distributed system miay be considersd as a computational process
that consists of two parts:

» a domain-dependent problem solving part (task) which have no knowledge about the
other nodes or abont the overall system,

¢ a domain-independent part (agent) responsible for communication amd coordination
activities, The ngents coutain all the kuowledge aliout the rest of the distribuled
system.

There are two basic possibilities of inter-agent connnunication on the implementation
level: client-server and peer-to-peer. The CIM tequires that Uie comnmnication connections

143



WORKSNOI 95 EXGINEERING INFORMATICS & CYBERNETICS

are organized as symmel tical peer-to-peer links, The cureent platforing usally only sppoert
the client server conedtion.

Thin probdens - Iy ow practical expericie - can be solved in e TXIX envitouent
in the following 1wo ways:

One po:ibility is to directly use some Jow level communication protocol to organize the
PECrTePeck sotme Uulis, [ ie i siisaivatitage Bene s tie aisai corutiioation, T
message in this protocol can get ket or duplicaled ad the time ordering of the messages
can be changed, It means iat the implementation of ronwe additional specifie algorithme
(acknowledgment passing, Lanport’s clock. ete.) 1o avoid these amwanmtedd featares is highly
desirable. Thig wakes (he nulti-agent system inplementation more complicated.

Anollier posdible approach is to onganize the commmnication so that the peer-to-peer
bichavior i3 observable from the outside, but the internal implenentation is based on the
clicnt-server comnections, T this case, there b a starike strictnre vsed on the implensata-
tion level, It congista of a coutral node (server or b)) which peovides the connection sepviee
among the noder (elient<) in tips. The behavioral level resembles o sot of peve-to-peer
coniections. This topolugy has several advantages. 1 enables the addition of new agents
during the multi-agent system operation. to contiol the comimnications statex, btoadeast.
ing of messages, ole, I was proved 1hat this solution may be ellicicntly supported in the
Internet by the pacallel virtnal gaclive GV {1] The oiain deliciency of this topology is
that when the hub fails, the entire sulti-agem system also fails,

The other important subproblem being solved concerns the design of intelligent user
interfaces for C1M. A spevializsl model-haised user interface has been desigied and partially
implawentel.

The role of gualitarivie moedelling in CIM 1asks wan deeply stiudied in detail,

The results of the projecis:

Lo A very detailed analysis of the geogiaphically distributed CIM systems clenwnts has
heen done,

2, Two types of distributed system architeetwaes (hased on 1lie low-level protocols and
PV, respertively) have Jwen desigied. implenwnatod and tested in the UNIX environ-
ment,

3 Tatelligent interfaces for the CEA system were stueliod and designed,

4. Three contribmtions were presented at international congressesfronuferences, and two
detailed teelmical reponis ave availalde,
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The implementation of computer-integrated manufacturing {CIM) systems involves the
application of computer technologies across all aspects of the manufactoring process, inclnd-
ing design, materials planming., plant logistics/scheduling. storage, and delivery. A central
comnponcnt of =nch system is the actual manulacturing subsystem which produces the fin-
ished product. The extent to which a CIM system achieves its goals is inevitably dependent
apon the use of effective aml mbiust decision making at the produrtion contro! level. Ex-
isting cuntrol aystems ely nust often on decisions devined and Lested through prior of-line
annlysis, Comparing Unee systemin with CIM wechuology, it s obviour that CIM greatly
enhances the capabilitive of the etutite manufasciuting process. Three main elements can be
recognized;

1. the ability of the computer Lo provide on-line. variable-program (flexible) automation
of manufactuzing activities and rguiptent,

2, the ability to provide on-line. moment-hy-moment optimization of manufacturing ac-
tivities and operations,

3. the ability to integrate all of the varioux constituents of the entire manufacturing process
into a systenn « a system, that can be flexibly automated and moment-by- moment
aptimizd as o whole,

The CIM system is a closed-loop feedback system in which the prime inputs are product
requiremncnts {(tieeds) and peodaet poncepts (ereativity) and the prime ontputs are finished
products {futly assensbled, inspected, and ready for use). It is comprised of a combination of
software and hardware, the elements of which include product design, production planning,
production control (feedlick, supervisory, aud adaptive optimizing), production equipment,
and produelion procenses,

In the following part of the paper, let us concentrate on the problems of control systems
which constitute an important subsystem of o C13] system. Over the past few decades, a
variely of procedhtres for analysing distribuied systems and for designing control strategices
have heen iovented, These procedutes may be classified into 3 types [3):

o procedures for nudelling dynamic systems,
a procedures for describing qualitative propertivs of system behavior,
o procedurens for contiolling syateis beliavio,

Almast all of them rest on U common presumption of centrality. However for a CIM
system, which per se implements decentralized decision making, distributed computation
and hierarchical control, the main task is oblaining global coherener with decentralized
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control. Controller nodes must cooperate to cxploit and coonlinate their responses to in-
terdependent subproblems, but with linited nternode comme i=9ion. ‘The coordination
task is linked with the problem of uncettainy: cach couperating agent {— controlier) most
cfiectively deal with:

& enviroinental BooetLaiiey Wik tesalis B sbesen of securate view of the numbar
and location of processors, alleclors, sensors, and connmmication channels,

o data uncertainty which resnlts from incomplete and incomsistent local data at a node.

& coutrol unicertainty which results from absence of a complete accurate model of activi-
Uies in other nodes,

Problems connected with uncertainty processing have been solved mainly in the arca
of knowledge-based sy=icms aml we rely on the teseareh rewnlts alrendy achioved.

Regarding mannfacturing complexity and aneertainty, the contrul system is designed
as distributed amd hicrarchical, The basic control task is reduction of the distance Lielween
desired goals and achieved reanlts of activity units, thus keeping eptinnnn performance.
Let us specify the control actions: monitoring (of controlled units), interpretation (of data
and information), modeling {(of wnit state}. simulation (of wnit dvv wies), dingnosis (of
eritical events), action planiing (te restore optimmn - generation o weenative plany, plan
sclection), action triggering. Almost every action can be effectivel, appodied by artificial
intelligence [Al) syatems, We have klentified Al mothods applicable (o Uwe control systems.
These methods are extensively stadied and further developed.

The bllowing 1ennlts in the arca of 1M wlucation and nsearch bave been reached
within the (rame of the project in T98:

1. The conpes “Distriluted Al and Control Systems™ mul “Manning, Schedufing, and
Control” were included ju the curcicuta of Phi) sindents at the Facuity of Electrical
Cogiucering.

2, The disttibuted control syatem developed in 1993 in the frame of the UDF Grant
No. 0457 wan implemented ja the laburalory eguipped by Allen-Bradley, A Rock-
woll International Company. Now it is regularly wsed for expetimental work of Loth
undergradnate and posigraduate stadents,

3. Expetiments with fuasy control systems and pliysical models of real systoms were sne-
cessfully performed,

4, The reslts and experience from CIM cducation were presented on two hiterpational
conferences [1}, 12
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The target of the project on genetic algarithms (GA) has been a study and experimental
investigation of GA'x performance in n range of optimization tasks. The main intercst
concerns Lhe use of GA for discrote combinatorial optimizations. These tasks have not been
rescarclicd and tested to a sullicient nand ratisfretory extent anywhere in the world.

Currently, there are a lot of publications and anticles that mention experimental results
for particular 1asks. lJowever, these articks do not give Ml view on how the problems were
wolved. Infurmation is 1estricted 1o only what tepresentation and what genetic operalors
were useil and, at most, what was the population size aml how many generations led te the
published results. afor unately, impostant data on values of GA parameters { probability of
crassover and nmtation, population size, ete,), information about the replacement strategy
usedd, about the selection 1ype, and about the forn of the sealing function are usually
miseing.

Thus. the primary target of our encdeaver has been to investigate a collection of typ-
ical disercte tasks anl to do a suflicient amount of experiments with these tasks. The
expetitents inchude petformance tests of GA for ditfecent 1ypes of problem representation.,
watching sensitivity of convergence on different parameter valuex, ete, All those results will
provide some practical experience and knowledge on the GA's hehavior, as the theoretical
interpretation is very dilficnlt and hag yet to be elaborated,

GAs are search algorithms based on principles of natural selection and geneticx. They
are probahilistie algorithms which maintain a population of candidate solutions (individu-
als}, The individuals are veproduced tn accordance to their fitness values (objective function,
goodness} and they andergo crossover and mntation operations {rccombination). Each in-
dividual lias ite own fitness value whick is the value of the function acrording to which we
wanl Lo find the optinmnn, For GA purposes, each individual is represented by a string of
aymbols from a finite alphahot.

A simple GA is composed of three operstors - repraduction, crossover and mulation.
GAs work with populations of individuals and by reproduction, erossover and nutation of
individuals create new, hopefully hetter. populations,

Reproduction is a process i which bhudividuals are selected 10 be ciossed later. Indi-
viduals arc selecled according 10 their fitness valees in the way that strings with a higher
value have a higher probability of contributing nue 1t more offspring in the next generation.

Alter ceproduction, the pair of sederted strings undergoes a cross-over operation yiclding
two new individuals. The nmntraen aperator plays a sccondary role in GA=. It ir the
oceasional random alteration of the symbelic value of a string atl a randomly chosen position.
Tn Lhis way. a now set of individuals is generated. These new individuals must replace some
selected imdividuals in the old generation. The riles for thia selection form the replacement
steategy. All these steps are welatively casy for the case of contimous oplimization space.
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The major difficultly assaciated with the use of GA for combinaterial optimization
tasks is the appearance of intrinsie constrainin, The rerearch war forased on the Traveling
Salesman Problem (T5P) and the Job-Shop Schieduling Problem (J5P) TSP is a classical
example of an NP-hard problem and the JS§ is oue of the furdest known NP-problemns.
Theae tashs imjrise 3 geent pahes of consteninte unon a feasible sabution. In the case of
TSP, the consiraints are: any city can appear on e tonr ouly once, ad the tour mast
contain all citicw, There are even more constraints defined for the JSP. The key approach,
how Lo cope with these constraints. is the choice of a suitable problem reprewentation,

For an experimental evaluation, three publicly available benchanarks for 30, 50, 75
sized TSI were used. Cities are given by their coondinates and the distance between cities
is calculated as Enclidian distance, A rerios of ten experiments lor cach task was porformed.
GAs are probabilistic. thus the judgment of their performance nutst be doue from o statistical
point of view. The results obtained were surprisingly good. A new optimal path for the 30
cities problem was found which is even hetter than any of thoxe published helore.

‘The second task solved by GA wax the JSI'. The JSI belongs to extremely hard com-
binatorial problems amd 3t was chogen beecanse of its practical importanee, The use of &
conventional GA has heen tested. 1w very interesting to examine wlether such o hard
problem can be tackled wsing conventionnd GA. Tt eans by using 1w simplest crossover
and nutation operators. The solution here was achivvd by a dever problen: 1presentation
taken from fiterature, There iy a well-known benchmark for a G-machines - 6-jobs JSP. The
results achieved in our tests are very cose (o the known optimal solution which ia very
encouraging for urther jnvestigations,

Resulty of the preject:

1. A very detailed analysis of the nse of GAs for the TSP has bevn done.
2, A set of experiments with one of the practically interesting and very difficult problems
- ISP - has been worked out,

3. Au informal couperation has been established with the University of Essen (D) where
the JSP prablent is being atudiced.

4. A detniled technical report has been prepared and 1wo contributions were presented at
internutional conferences (see Rel)
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Freight transport is a signilicant pait of cach country’s economy. Therefore the bogis-
tier and planning in 1hi< area herome more &nd more important both for economical and
eeological reasons. Many of the problets which st be solved i this aea, such as the
Travelling Salesman and related schednling problems, ave known 10 be NP hard. Morcover,
sinte just-in-line prodiction has became popnlar, planning must be performed vnder a
high degree of uncertainty and incompleteness. The classical Operations Research approach
caniot cope with the dysuunics of this domain. o reaity, iese problems are far from being
solved, As it has been published wmany timex in newspapers amd other mags media, a lot
of trucks in the strevts of the Czech Republdic (andd other European conntries as wetl) are
driving without a carriage.

In this paper, we try to answer the question why it is adeguate 1o use Al Lechnigues
and more specifically DAL approacher 1o tackle the trangportation problets. One reason
is the complexity of the scheduling ptoblem. Hlowever theie are inore pragimatic reasons:
Both global and local knowledge are necessary to solve the scheduling problems effectively,
Global knowledge includes general knowledge ( taxopomical, topological, temporal, or ex-
pert). Local knowledge encompasses knowledge about the capalilitios of the transportation
company as well as knowledge about competitive/eooperative companics. Morcover, since
a global view is impossible (hecause of 1he complexity). there is n need to operate from a
local point of view and thus to deal with incomplete knowledge with all its consequences.
The last aspect leads 10 the DAL arguments:

1. The domain is inherently distributed, Hence it 32 very natural io look at it as a multi-
agent systom,

2. 1t is very difficult to centrally maintain and proves the knowledge about the ghipping
companics, their vehicles, and beliavionr, Moreover, knowledge is often not even cen-
trally available. Therefore, modelling the companies as independent and antonomons
units seetns to be the only acceptable way to procesd.

3. In real business, companies usually solve eapacity problems hy contacting partners who
tight be able to perform the problematic tasks. The basic model of this activity is
negolialion.

The main, lopg-tenin goal of this rescarch is 1o develop a prototype of an Intelligent
Decision Support System for Traunsportation Management. “The fullowing main topics were
investigated within the introductory study in 199:
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1. The overall coutrol strategy of the system cuabling the coopetation of distributed
agepts. The principles of comummnication amoug L agents weee studied, Lot us briefly
describe the considered task: Let us have a group of shipping companics whose goal is lo
deliver a set of dynamically given orders, satisfying a set of given time, vehicle capacily,
route, and cost constraints. The complexity of the orders may exceed the capacitios of a
single company. Thercfore. cooperation between companies is reguired in order to achieve
the goal in a satisfactory way. The commwon use of shard resources, e.g. train or ship,
requires coordination betwern the companies. Although cach company has a local, primarily
sclf-interested view, cooperation hetween Uie shipping companies is necessary in order Lo
achieve reasonable glohal plans,

2. Analysis of functions and kuowledge of zpecific entities in the transportation do-
main was performed. Based on this analysis, it was possible to divide agents in two large
groups, namely so-called system agents, which perform tasks such as the representation and
interpretation of the simulation world, and domain agents, which correspond to shipping
companies and trucks, Defining trucks as individeal ag-nts brings the advamtage of del-
egating problem-solving skills to them (c.g. route-planning and local plan optimization).
Communicalion helween agents is enabled by direet comunmication channels.

The company agent is responsible for the disposition of the orders that have been
confided Lo him, Thus, it has to allocate the otders 10 its tincks, while trying to satisfy the
constraints provided by the user as well as local aptimality eriteria, The shipping companies
can bo regarded as experts for cooperation amd cooperative problem solving. They are
equipped with additional global knowledge which & noeded for cooperating successflly
with other companies,

The truck ageuts reptesent the means of transport of a transportation company. Each
truck agent is aasocinted with o particnlar shipping company from which it receives orders,
Given an order, the track agent doex the planning of the route according to its geographica!
knowledlge and it will inform the shipping company agent about the deliverance of the
goods. Furthermore, the track reports retaining capacitien, platned rosttes and it is able
to estimate the effort (and the clfects) that are caused by an order.

3. Dased on Uw functional analysis, some nwthods for cooperation of individual
agents were suggested, The general idea of the solution is based on the paradigm of self-
organization, which ix applicd to a sociaty of knowledge-based systews [1]. The messages
prssed hetween the agents are structured into negotiation protocols.

4. Tasks for continning reearch were defined, namely planning of individual agents,
forms of cooperation, mechanising for task decornposition, el dexign of knowledge repre-
septation structures,
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These are many {asks in the field of mobile rohoties, such as colliston-free movement in
a natural unconstrained cuvironment, orivntation of mobile robots (mohots), ete. All of
these tasks are easily performed even hy very simple animals and imostly much hetter than
by teaditional tobile robots. An animal does not consciously plan what lo do next. nor
docs it have an oxplicit internal representation of the world. N is controlled by a set of
simple reactive behavioural patterns. Fach of them responds instinctively Lo a particular
stimulus, and the resnlting global behavior of the animal is merely a resultant of thase single
patterns merged together using an approptiate mechanism. AMote comphex behaviours, which
may teally soem 1o be conscionsly plavned, are testly nothing bt a chain of suecessively
performed instinctive actions. Successive behavioural patierns are released by stimuli thal
are results of the activity of preceding beliavioneal patterns,

These are the main reasons for our decision 10 build 1wo mobots equipped with a non-
rymbolic and non-ropresentational control system. The control system of these biomecha-
tronic devices is uot decompased into serially arranged functional units (sensing, planning
ele.) as in classical roliotics, but into many aulonomots instinctive units. Bach of them is
a subsystem responding (o a particular stitouhus, These uiits work in parallel; it i neither
possible nor reasonable to use a separate processor for each of then in a real implementation.
Our instinctive rohots prefer local sensor data and tend to avoid the use of stored internal
information using its enviroment as its own best model instead. "lutelligence™ of a system
like this is thus not enrclully planned and prepared in advance; vather, it is an cmergent
property, emerging only during the interactions between the system and its environment.

The following robots are used as Lest beds for this architecture:

« a car model with built-in servos, infrared proximity sensors and a simple control system
based on the 8051 inicrocontrolier. This roboi has already been sucesessfully equipped
with lower levels of control, endowing it with the ability to move aboul in relatively
gencral environment without hitting objects.

+ & six-legged insect-like robol. Since the robot is primarily intencdel as a test bed for
varions versions of the control system and not for the study of kinematics of walking
mechanisms, the simplest variant of kinematics with two degrees of freedom (DOF) for
cach leg has heen chosen. Each of them consists of iwo scgments, one horizontal and
one vertical. The two segments are cennected with a revolute joint about the horizontal
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axis, with the horizontal segment being conuccted 1o the body with revolute joint aboul
the vertical axiv. This mechanical design only enables wave gait and requires an almost
plain surface, Practical experiments contirmsd our expectations about the gait 1ype,
the mobility and s limitations, This device was built with fimited funds and the main
goal wax gathering experience, On this basis. an improved version of o mobot with legs
with UDOF, which will enable walkine ot costeh 1etrain and application of free gait, is
projecied now,

The robot uses tactile semors and will be coqipped with infrared sencors awl possibly
with sonars. Since a control system of this kind does not require huge computational
power, we Fave investigated whether it is able 1o perfoun wequisite tasks with one cheap
280 mictoprocessor.  We have actitally achieved sote interesting resnlis with this control
systent. The robot ix able Lo walk and 1o avoid obstacl, However, sinee e control of six-leg
locomotion in iteelfis quite i difficult task, the addition of mote complex conteol layers would
he imposzible within this system. For this reison, o oew systemn wadng the 32.5hit MOGE332
microcoptroler, s currently being tailt, Aftor it has been oguipped with basie control
structures endowing it with the ability 1o meve abingl i a general indoor enviromment,
oyr reserrch concern with this vobot will primarily 1w foruaed on higher control structures
enabling it 1o be orfented and to move about purpeselully and obviendy without hitting
{mwving as well as static) ohstacles iy seal npkuown and unconst tained envivomments. In
partivular, we will examine problems of the possdbie hybridization of this architecture, which
means e connevtion of instinctive lowsr lovels, scvnring the aecessary leved of antonomy
and reactivity with higher control stesctures haged on symbaolic reasoning,

Besides the potetial fanme applications {Tacins of mobote ete.) the work has already
had and will have a substantial pedagogical impact lecanse it involves many ubdergeaduate
and graduate sindents. Mowover, both robots are cuerently being used ax teaching aids
in several suhjects such as Roboties, Mobile Robots wnd oot Control at the Faculty of
Electrical Engincering and will Ine uned in cortespunding subjects (0.8, Mechatmnics, Ap-
phied Mechanics, Fundametntals of Tochnieal Cylietnetics) also at the Facally of Mevhanical
Engitwering on the CTU Prague.

T goal of this projeet his boen suceessfully achioved as our idea has heen experimen-
tally verified aned shown 10 be interesting in ativactive applications,
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Mechatronics is a balanee hetween mechanival, electionic and computing technologies.
Al of these arens also include control. In regards to this project,we studied modern contrel
methods that are prospective in mechat ronics,

One of the most pruspoective mcthods s fuzzy theory that was devised for the purpose
of cnabling machines 1o handle subjective nnman ideas and operate hased on advanced
kuowledge as well as applications of humian beings intricate experiences. In other words,
fuzey theors allows for the sbevelopanent of truly wser-friendly machines.

With the help of fuzzy theory, we contiolbd swings of the load hanging on a crane.
The swing changes are caused by the load jnertin,

‘Ihe system consists of a crane motion trajeclory, crane construction, & crane drive, a
load swing angle sensor and a fuzzy controller.

The controller recvives thiee inpat signals: set crane velocity (V,), swing angle (5), and
angular velocity (@bfdf). The motion velocity (1) i the ontput signal of the controller.

It is necessany o create four membership functions for the three output and one inpul
vahuw, We definal five levels for the set velocity and three Jevels for the swing angle as
follows;

NM ... Negative Modiom
NS ... Negative Small
...  Apposimately Zem
PS... Positive Small
PAL.., Positive Medium
PL... Poilive lmpge

and created 15 mles. The following rede is given as an example.
I ((h=N5) and (bfdi=7R) mnd (V' 5=ZR}) then (V=N§)

We alo eoncentrated onr research aetivities on Heo-theory, especially on Lthe so-called
standard llzc - optimat iegulator problem.

We introduee U standatd problem by considering the mixed sensitivity fonclion in the
configuration of Fig. 1.

The diagron slwws V' a< o shaping Gilter for the disturbance, and 11 nad W, as fre-
quency dependent weighting functions for (e control system ontput and the plant input,
respectively, “ITe signal @ is an external inpat that drives the disturhance shaping filter V.

Tt i cany 10 cheek Yt the Laplace transformation of the weighted control system
ontput 3y andd the weighted plant input 2z aie given Uy the following formula:
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Fig. 1: The mixed sensitivity problem
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Hence, the mixed zensitivily problets amounts te the minimization of the so-norm of
the transfer matrix from the external input w 1o the composite output 2. The frecdom
available in the minimization problem consists of the chaice of Wie compensator C.

By isolatiug the rompensator, we get the configueation for the standard lioo-optimal
regulator probilem,

In tegard Lo this project, some other tasks end experiments were solved. Some of them
will be used for mechatronic studies.

.
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To improve the tracking acruracy of the crane, it is necesgary to remove a load oscilla-
tions induced by the pendulum effect. To actively dampen the oscillations, one has to know
the angle of the pendndum., 1lowever, in an industrial envirenment, this angle is difficult
to measure. An alternative involves using a state observer which reconstructs the angle of
the pendulum Jrom the displacement of the carrlage. In my work in ULB Brusscls, the
possibilily of extimating by using fwzzy Jogic wan demonstrated,

The Mzzy esfimator bas » stinctore that is derived from a Mamdant type fnzzy con-

troller.
The goal of the fuzzy estimator is 1lie estimation of the system trajectory in a state space.
A seyence of rules forms the so-called linguistic trajectory which should be very close to
the rystem trajectory. The difference hetween these curves is an error of estimation € which
can he taken as the Euclidian norm.

o constrnrl the fuxzy estimator, the following steps are reconmmended:

* identification of variabler and their values, sorting dependent and independent variables
¢ determination of nniverses of discoursex and membership functions

o crealion of & rale base by using some methods

® tuning of Mzzy estimator

From ail the selection possibilities of the input variables, the following combination was
taken after analysis of the system behavior

%0].. =s(f i lhl!.d.r) : ()

H;B]‘ : change of the angle 8 at time ¢,

where

=t @4lt ¢ a deBnite integral of the angle 8 from the time 0 to £,
dr: change of the position (velocity)

The formmula is comptited recurrently by using, feedback,

The inputs to the fazzy estimator are the change of position (velacity) dr and a definile
integral of 10 angle  from the Lime 0 1o 4, . The onlpnl of the Mzzy estimator is Lthe
change of the angle 28 a1 titme 4,
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For ali threc variables, we have to determine wniverses of disconrsex and membership
functions, In the first step, we can take intervals in which these variables appear during
a sitnulation as universea of diveouras, Thiv approach is poxsible bocause of the necesity
of tuning the resulis in the Jast step. For onr task, we can we triangular and trapezoidal
membership functions.

The luguistic variahhe Tvedicite™ and “aum of angles™ me divided to | trapezoidal
membership function in tie surrounding of the steady siates {the dead rone) and 5 inangular
membership functions. Psing the dead zones decreases the influence of the disturbances to
fuzzy cstitmation for the steady states {for the velecity ). The linguistie variable “change of
angle” i8 divided into 7 triangular membersiip lnetions.

All membership lunctions except the side opes for the lingnistic variables "velocity”
and "sum of the angles™ are symunctrical with overlapping factor 0.5.

The universes of discourses are divided among these ntembership functions in a regular
manner. This property will be hmportant for the construction of the rule base.

Aflter defining the membership functions, we nead to develop a knowledge base (K13)
which consists of rule stritctize and content.

The structure of the rles for owr task is derived from the geneeal formula, The idea
in the construction of a knowledge hase I3 the following: We assume that it i pawible 1o
describie the behavior of onr systent as a relation hietween the velocity and the imegral of
angles . In the cases where these varialde are bn eguililtiam, the change of e angle is
mull. For the otlier statex, the change of the sngle is proportional to the “dellection” from
the equilibrium stage.

The rules are built from the charscteristics of the step response as follows: if the result
of fuzzy inference is far awny from the cquilibrinm poinm, a Jarge owtpat — the change of
angle — is expected, wherens a small ontpnt is acguired if Ve result is near the equilibrinm
point.

By using this linguistic approach, we can make the base of fuzzy mies. For simplicity,-
this can be ereated in louk-up 1able form,

Afer creation of the fuzzy miles, the final step ix the tuning of the fuzzy estimator,
Because of the complexity of this process, we anly tune onr fuzzy estimator for one conple
of parameters {the mass and the length of pendulum),

By using the described method, we made the fuzzy cstimator. In this stage of our
investigation, we only simmlated results with MATLAB. For this task, we used funclions
from FUZZY TOOLBOX v. 3.0. (Humusoft, Czech republic) and some new functions of
ours.
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Mechatronic systems (e.g. machine tools, rohots. Hexible manufactusing systems) are
typical as systomn with tightly coupled mechanic aml electronic parts. The control of these
aystems is qgite complex task, One possible solution is the distribution of controj systems,
algorithm parallelisation amd the use of the parallel computing systemis. A problem with
the simulation of a andtilayer mewrel actwork on tramsputer areny was investigated in
this project with a link to [2][3}. ‘The decomposition and mapping an the given architecture
was proposedd also with a simple message passing scheme, The e conrplexity analysis
and a comparison with a classical algoritlun were done as well as measuremetiis on parallel
computers [51.

Fig. I: luverted pendulum plant Fig. 2: Neutal controller characteristics

Besides the performance measurcment, i nenral network controller was insplemented.
Expetiments were done on an inverted pendubum physical model. The task was o rtabilize
the penduluen in an upright position having information abouwt pendulum angle © and
angular speed w. Fignre 1 shows the experimental cnvironment schematically.

Useful hints for setting neural network architecture and tuning neurnl networks paran-
eters were summarized in [{]. Then neural controller was designed and the criterion function
was defined for the given control problem. Assuming the learning procedure had already
stopped, the neural controller could be seen as a non-linear static function with two inputs
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and one cutpui as shown in Figure 2. lts behaviour is very similar 1o the conventional lincar
PD controller with saturatioc.

Other work performoed in this project wie doue with Programmable Multi Axia Con-
trollers. This syste is a high-performance servo motion controller eapable of commanding
fonr axes of motion simultaneously. Throngh e power of a Digital Signal Processor
{D5P), PMAC ollers o good price-periwtiiame 1ativ & aaaltl asis vomtre! that wae not
previously available, Motorola's DSP 56001 ir the CPU for PMAC, and # bandics &) the
calculations for all axes. Any version of PAAC may run as a stand-alone controller or it
may be commanded by a host compuler, citlier over a serial port or & bus port. As a general
purpose coniroller, PMAC can serve in a wide varirty of applications. Qur intention is lo
use it a2 a controller of machine tools and driving plotters.

The cooperating axes can be closely awsociated for completely coordinated motion; each
axis can be put in it own coordinate sysiem for completely independent operations; any
intermodiate arrangement of axex into coordinates is also possible,

The task of PMAC is exeenting sepuences of mothons given to it in a motion program.
When told to execute a motion program, PAMAL works thongh the program one move at 2
time, performing all the calculations up to thal move command to prepare for the aclual
execution of the move. PMAC is alwayas working ahead of the actual move in progress, %o
it can blemd properly into the upcoming move. il reguired,

‘The sequential nature of the motion progrant ik well suited for commanding 4 seties of
moves aid other coordinated actiors: however, thes programs aoe not good at performing
actions that are not directiy coordinated with the sequence of motions. For these types of
tasks, PAAC provides the capability Jor nsers to write "PLC programs”. These are named
after Programmable Logic Controllers becanse they operate in a similar inanner, continuaily
scanning Uwugh their operations as fast as provessor time allows, These programs are very
useful for the tasks asynchironous (o the motion sequences,
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The paper deals with the pole-placement for MIAO time-varying linvar sysiems which
are ol [esicographic-fised.  Generally the pole-placoment for time-varying systems has
a different meaning and its solution is more demanding then for time invariant systemns
(Nguyen, 1937), The pole placement for MIMO tinpevarying lincar systoms is now becoming
important for mechalronic syrtems as treated as lincarized nonlinear systems.  For the
solution of pule placenient of non-lexicographic-fixed systems we have nsed the idea of
augmentation scheme of {Chai ot al., 1991) whicl s generalized and improved.

Formulation of the problem. Let us dudy thie MIMO time-varying lincar system
X = A{)x + B{t)u (1)

with state variable x(3x 1), control variable u{me x 1) and state matrierr A(1) (% n). Bit}{nx
m) The comrollability matrix U(¢) is defied ax

U(t) = I5(B).J4(B),...d57"(B)] 2
where the matrix operator J ix defined sy
ILHM) =M, (M) =MD- %M. UMY = I (IL(M)) 3

The syatem (1) is controliable {Chen, 1931) il the contpollability matrix U{?) has full rank n
for all Limes ¢ € {0, 00). The controllable system (1) is lexicographic-fixed (Nguyen, 1987) iF
there exists A wnique (# x n) submatrix of U(t) that is nou-singalar for ail times ¢ € [0. oo}

System augnientntion scheme. For tinme # = 0 we construct the reordered control-
lability matrix R{0)

R{0) = 3%(by},.... 35" by hee v 0B o 357 (B Do (4)

where y1; are controllability indexes and by arc columnsg of the matrix B. The coutrollability
indexcs can change and are dependent on time & of sclection process. e .use the system is
controllable we can find the finite maxinwm of controllability indexes 14, = max, g Because
the system is non-lexicographic-fixed it is n, = sumjy, 1 > w. We define the generalized
reordered controllability matrix

R{f)=P%(0a),.... 327 (o), (b )y 35 (b)) (8)
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Instead of syrtem (1) we shalt study the angtuented system
Xy = Agll 1%, + Bylipu (4]

xy(n, x 1) =[x’ A, x ) = {[A AT 0. A\]7). Byln, x ) ={B.B)7 [T

Now the matrices Aq(4). Aalf). By{t) witl be determined sach that the angimented system {6)
ir lezicographic-fixed. Becawse the generalized reonlened controllabilivy matrix R{#Kn x n,)
has rank n we can extend this matsix 1o the comrollabitity matiix I(¢)ir, x ny) of the
system (6) having rank »,. The main Theorem is

If the system (1) i coutrollable Tut way not be lexicographic-fixed on £ € [0, 00] then
there exists an {1y = nl-cinensional auxiliory system

X1 = Asx+ Ay + By(fu (3)

such that the angmented gystem is contiollable amsl Jexicogeaphic-fixed on ¢ € [0 o).

Pole placement. The pole placement problem is now sulved for the augmented
lexicograpliic-fixed] time-varying MIMO fincar system according to the technigue presented
in (Valasek and Olgae, 1993). We obtain the ferdback coin vector Ko(f) by which we
comnpiite the control action

u = K {0x, = Khx.x]" )]

Conctusions. Tlhe results of this paper together with the realts of {Valasek and
Olgac. 1993) have linally reawved all nstiietions on the solution of pole placement problem
for time-varving MIMO lincar systems, The propenty of helng lexivographic-fixed i< the last
restriction whick enabns for the pule placement of linear 1ime-varying sy<tems ysides to
e controllable.

This paper deals with one part of the teseareh realized wder the CTU Grant, the other
part dealing with fuzzy and I, control is repoted separately.,
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In comtrol of comples nmltiviriable technological processes, a challenge of using ad-
vancetl contiol algorithie offer<, as they can attain better technical and cconomical pa-
rameters. 11 is matter of faet, that this opportunity is rarcly used. The relation between
demianding theay sl industtin] peality is uneatisfactory all over the world., This situation
is canned by objective complexity of the design prooedutes and by the increased risk of
unsuccer<ul application, if the design was not realisel in qualilied way.

One of the promizing diveetions io the advanced control. in some extent capable of
overcoming the problems with controller setting, is adaptivity, Even bere the problem of
prior tuning cannot be avoided; it is characterizedd by the following tasks: problem for-
mulation, nnalysis of information available, sestem stencture and parameter identification,
contiol synthesie, initial condition setting, estimation of control effliciency ete,

The veweareh team war comprs! of three parts: university gionp {Faculty of Technology
Zlin and Frenlty of Electrical Eng. TU Brno), academical group {Institute of Information
Themy and Autoinition. AS CR Praba) and practical oriented group (Firm ALCOR aa.
Zlin). The character of wurk corresponded oty with the division: theoretical, laboratory
and practical with possibility of the commercial use of the research resolis.

The 1eseach work of the team from the AS CR Pralin aimed at providing consistent
theoretical grounds and reliable zlgorithmm for preliminany dexign ensuring good Leansionts
and optimal eperation of nmltivaiable LQG adaptive controllers,

However “recent surveyes in the process industries have shown that np (o 90 percents
of the closed-loop contiol algorithms used are PID” [1]. These types of controllers are more
cotvnien! for uxers owing (o their simplicity of implementation, which in generally well
knowit. In the case of a correet ciiee of their paramelers they can control a considerable
part of continnos techmologieal processes. llowever, the tuning, procedure ix ofien nontrivial
and it may he very diflicudt to find values of the parameters which give a desined closed-loop
Lehaviour. For this reason. grongs of the Faculiy of Technology Zlin and of the Facubly of
Electrical Eng. Broo are Jong-term devoting with antomatic setting and implementation of
the digital PID controllers,

The sofiware firm ALCOR as Zlin developed the abject-oriented system Control
Panel for genevating of industrial monitoring aued rontrol programs, This system contatng
wel-tuning PID 2] and pole placement [3] contiollers.

For the compnier aided design of e adaptive PID and pole placeiment controllers has
heen developed MATLAB-Toulbox STC PID PP {Self-Tuning Controllers PID and Pole
Placement), ‘This ‘Toolbox is detepminedd for designing, testing ad simulating o real-time
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of theze controllers. The proposed sofiware i» entively writteu as MATLAR m-files (version
4.2) using of the functions of the Control System loolbwx. This Toolbuy inchides tools
which facilitate following:

1. Simmdation of the control process iu the form of continuons model, discrete model or
mode] which has been oblained wsing the ecursive whentiiwativn Lo measarable procose
dates,

2, Recursive identilication using the least syuares twiethod with directional forgetting.

3. PID 20.031{4] and pole placement [31[5] controller design.

4. Real-time control.

The designed self-tuning control algoritluns which are included in this MATLAR-
Toolbox are simple, suflicicntly robust and suitable for coutrol a large class of controlled
systems (proportional systems with mininmm or non-mininnsy phase, integral systems and
with time defay ones). For this reason, the Toolliex can be preferable wied for supporting
the project of the self-tuning industrial controllers, The individual designed controllers are
progeamnuql in the form of the CH4 functions for the industria? applications toa. The PID
self-tuning controller 1] dmived for the thitd otder munde] 34 heing verified for the controf
of 2 200 MY power plant [6] aned pole placement self-tuning controller B} Lins hoen uved for
temperatire control of a thenmo-analyze {7)
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In the laboratory of Control Systenms of the Department of Avtomation and Measure-
ment Engineering tle first bridge aween two industrial ficldbuses has been developed.
Attention was given Lo the new west European standard ASI bus and another wwo ficld-
buses managed by a simple comnmnication protocol of the frm Omron and the French
industrial standard FIP. The ASI bus is a simple, cheap fieldbus for connecting binary sen-
sors and actuators. It has heen developed by leading Europenn firms producing sensors and
actnators, The pliysical conneclion is two-wired, control is of the type Master- Slave, The
typical confignration of one licldbuz segment is 1 Master and 31 Slaves. A maximum of 124
passive hinary sensors and actuators can be connected to one ASl-Master, The maximum
response lime of the segment 35 5 ms. The Omron bus is & correct feldbus for connrection
of Owiron programmable controllers amd industrial regulators, The comnwmication rate is
19,2 kbpa hy 31 Slaves. Its contro! is of the type Masler-Slave. The architecture of Lhe
bridge is shown in Fig.l. ASL-Master has been developed by micans of the COP member,
connccled by RS 2020 interface with a PC/386. Because the Omron-Master has been built
by means of a I'C program, the bridge has been also devised as a progeam en PG/386. This
solution cnables o simple realization of an interconnected heterogencous fieldbus-system, on
the other hand, the confignration limits the rate of data transfer. In the future a compact
microcomptiter oriented bridge will e pealized, In the initialization phase of the system
cach user should define the data flow from AS! - Slaves 1o Qmron - Slaves and vise versa.
Also the period of data transfer shonld also he defined. According Lo a list of data to be
tratsferred and according to the periodicity of their transler, the bridge will periodically
transfer the data, To cach tuwmsferred data unit , the bridge will affect & date-of-next-
transfer. The bridge periodically checks if o date-of-next-transfer has expired and performs
a transfer of all data, atlached to that date. Than a new date-of-transfer for cach transferred
data is calculated. One of the most important features of the bridge is timing anagement.
Becaure of DOS, the period of clock is about 53ms. ‘To perforin a periodic data transfer,
the bridge uses o PC timer. The RS 292C interface between the AS] bus and the Omron
bus butilds Uie 1nain restriction of the bridge, The implementation of the bridge is based on
the idea that not only a bridge hetween the A5t bus and the Omron bus will be doveloped.
The program was divided into two tasks: - Uhe wr's fnlerface - Uhe strean handler The
function of the user’s interface includes conliguration of Uie bridge and automatic recovery
of a fermer contigiration at the steet, An interrption from the limer periodienlly stops
execution of the user's interfive and callr the stream handler. ‘This program gives curret
time and teansfors all data. After that it retarns the exeention back to the user 3 interface,
The user's interface also warns Uke nser when an error occars during a communication. The
stroeam creates the priacipal brick of the application. The stream respects the period in
which it can be activated and inactivated. When the streain is inactive, it exists in the PC
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memory only and no data is teansfereed. 1 the active phare, the data flow is perfored,
The stream is o vidtaad objoct and contains al mechanivns important for any other bridge
performing pertodic dlata tanafer, The tan®s <tieam inkesits all charartedisties of the vir-
tual one and depends on e specific fieldbus, For any ficldbuy a new procedire "Stien”™
has to be developed. The met important informsation for the developnent of a new bridge
are souree il destmation addiesses aind als st thes hom to sl with cael Geldbae To
create a periodic stream nwans 1o define the inforomation to be transferred, the destination
address and the period.

The progeam contais & user-fricndly environment, wing Tutho Vision librarien. For
purposes of system confignration by means of a window, a nser can define & new stieam and
udit the existing ones. ‘The pedod, addreses and the read/write definition of the ransfer
can he changed,

Bridge / Supervisor

RS-232C “"-’“““";':['}'-‘-’-—3‘3 RS-232C
v - -u — - 'H - - - .

[eor O
5 E B O Coad] [ ] [

Ig. 1: Sysem architecture
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The examination of complex data becotttes more and more important problem at the
present stage of medical diagnosis technigues development. Namely three dinensional scan-
ners like CT (X-ray Computer Tomography) and MRI (Magnetic Resonance linaging) gen-
erate large amount of image data. In present {especially in Czecli Repubiic), the exploiting
of such datascts is limited to dircct viewing of 21) seans on a tomograph screen (Con-
vole}, followed-up by their recording ondo a fitnr and direet viewing of filins against the flat
lightbed.

CT and especially AR tomograph is an expensive equipment. For that reason a lot
of prople work on making the most ont of providel information. Thal means especially
improving of the conclusive evidence of medical examination, acquisition time shortage and
radiation dose reduction. Three dimensional reconstruction of examinated organy is nsefull
for coinmumication with apother physiciaus - not radiologists. It fias also a great importance
for surgical or radiation treatuient planting.

In the past, physgiciangs had to be satisfied with raw data for their diognosis - e.g, in the
form of X-ray photographs - without additional computer analysis, The requirements for
such analysis were Lo high for solving thet by at that time available compnters. Iy present
the computer technology developnient reached such a level, that Uhe computers can process
tasks, which go beyond common possibilitics in contemporary medical praxis,

Also our computer graphics gronp started a resvarch in this fickd. Cooperation with
Parkyne Military Medienl Academy in Hradee Krilové was established, The hasic jdea of
the project is to pul together the piecus of ktwwledge from ficlds such is medicine, compuler
vision and computer graphics towards improving the medical diagnosis.

The first stage of the project i concettrated on the study of current situation:

» obtaining information about special medical software yut available,

* Lrying Lo compare accessible general visualisation systems {like IRIS Explorer, AVS,
Khoros) and to judge their usability for medical data exploitation,

¢ testing the basic image processing algorithms implemented by students in sindent
semiestral projects,

 Lesting the possibilitics of increasing the interactivity during large dala sots visualisa-
tion using the Gl library on Silicon Graphics workstation (in student diploma theses).

In next stages, we would like to specinlize in three fields:
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» investigation of algorithins for 3D datasets explontation using the nethods of artificial
inLeligenen,

o devidoping of mecthods of interaction in 31D space weing 2D input devices,

o intro Mechng the metheds of Virtaal Reality in oneeation planning.

This vacarch has bron conducted af the BDepartment of Compuler Seivnct as purt af
the project “VielMed™ and has been supported by VLA JEP, Hradee Krilore,
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FOR DISTRIBUTED RAYTRACER
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Fast visualizntion of ) scenes hevame one of the main subjects of research in the
modern comiputer grapliics, Many new slgorithine weee introduced in the last several years
and some of them have been implemented into computer hardware, “The guality of the
oulput must he sometimes sacrificed in order to achieve high speed of visualization, The
extrome case i3 o suppiession of some attribites of visualized objects. For example it
is impossible to simulate optical ¢ffects on lensn using hardware Z-buffer. ‘Thig is one
of many reasons why oty research teant decided to investigate compulationally expensive
parailel rendering algorithins for sclentific and CAD/CAM visualization . Oue of thase
algorithms ix rnytracing which allows gencrating photorealistic images fully reflecting the
complexity of light beliaviour in a non-trivial sceme.

The effort for decreasing the time of rendering using the raytracing algorithm corres
sponds very often with decreasing the aumber of tested intemsections between the ray and
objects of the visualized scene, This can De done by inplementing different speedup algo-
rithims based on the space partitioning and building redundant tree-like dala structures. To
achieve a good speedup, the data stracture (Octree, Binary Space Partitioning tree) has 1o
be rather large. The memory requirements for complex scene usnally exceed the memory
capacity of nowadnys workstations, Te achieve the high speed Tor large data sets renclering
so needod for scientific visualization, the pavallclization of the raytracing algoritlim is nec-
casary. Previous rescarch had shown that the best speedap can be accomplished using the
parallelization based on object-space partitioning [1]. 1t is somewhat similar to the algorith-
mical speedup methods wentioned above. The difference is thiat the space cell created by
the partitioning are assigned to the processor one by one. The drawback of 1his techuique is
the necessity of the mutual communication nmong the processors, The exchanged messages
represent the light rays travelling througl the space.

The distributed system consisting of communicating celfs (processor axsigned a space
partivion) has 1o be controlled in such a way that each cell is kept working and does not
become idle. Control mechanisms of this kind are called loadbalanciug stratcgics and are
well-known in the field of parallel cotputing. The loadbalancing stralegins can be divided
into lwo groups:

1. stalic - exccuted only once as a part of pre-processing phase
2. dynamic - execnied during the coruputation run whenever necessary

Dynmnic loadbalancing methods appear to he adeyuate for 3D rendering since objects of
the scene may he moved of new objects can he generatsd during the computation.

The measure for the londbalancing ian our system is the Local Load Factor (LLVM)
of cells. The value of LLF mostly depends on the number and complexily of the objects
enclosed in the cell and also on the nuinber of messages received from the neighbouring cells.
There are two different ways Lo influence the LLF during the computation:
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» changing the geametrical shape of the particular cell
# processor farmting

The ficst approach dexcribed in detail in [4] is vot suitable for the parallelization of the
raytracing algorithm based on the space partitioning. The main reason is the tree-like data
strretare Snoely eell need tooachieve the aleotithotien] spredup. Creating such a data
structure is very 1ime consuming and it is nswally a part of the pre-ptocessing, phase. Any
change to be made in this data structure implies 1o building a new one.

Tl process farming s hased on the fact that thete are more proessors available in the
parallel system than space partitions. There are thoee levels hicrarchy of processes, Fiest
level consist of the Coutrol Process which regulates the loadbalancing mechanism. The
secand level consist of processes which represent the space cefls { Vllores). The main task
of these procrsses is 1o comnwnicate with neighhunring cells, to generate initial rays and to
compute LLF.

The processes performing the actaal eaytracing (#7Core ) helong to the thivd level and
can be further dividind into two subgroups:

1. native RTCorrs
2, spare RTCores

The number of native WHCore equials 10 the mmber of ¥VBoxes. Ouly the spare R Cores
can be used as free computational resources for the loadbalancing based on ansigning one of
them to the Viiox with the highe<t LLE, If LLEF of the VBox drops under certain limit ((here
is no work for the spare WFCore), it aotifies the Control Process which then finds anotler
VBox with the highest LEF and the situation repets, 1t ix obviows that high sumber of
spare [T Cores allows hetter lowdbaluncing.

We don't have any conerete resuhix yet sinee the loadbulancing strategy s stitl heing
implenienied. We solving the problem of teloadiag the local seene of & cell by a spare RTCore
in case that this RTCore is assigned to the ¥Vox as a resalt of loadbalancing activities, The
partitioning of 1 he sevne shoubd be improved hecanse it influeaces the member of V3oxes and
number of native and spate /RTCore, We supposs that the nunnber of available processors
i the system is fixed and limited,  Last but not feart the trashing effect at the end of
the computation when the LLE of majority of the VBoxes drops and many available spare
RTCores are searching new joh has to be solvd.
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The Project. The Visual Test Bed i3 the first development project solved in the
Computer Vision Lab for Allen-Bradley. This project started cooperation hetween the
Computer Vislon Lab amd A-B Company reprenented in our country by the Allen-Bradley
Rescarch Center, Prague.

The Allen-Bradlex is a large American producer of industry control systems. Part of
the control system is module CVIM2 desighed for processing images captured by CCD cam-
cras. CVIM2 can be plupged in o control systan and uwsed as a source of oplical information
reguired for industrial process control, The CVIM2 can be used either as a scusor measor-
ing objoct positioning amd propertios or as a optical characler recognition (OCR) machine
{different software packages).

The Visual Test Bed. The Visual Test led (VTB), developed within the project
reported here, is # nysiom for antomatic testing of OCR machines, Results from VT should
be wsed for evalunting properties of OCR algorithms and {or their improvements, The VTB
s e will be also used for comparing OCR machines from different producers.

The VT'B system consists of the following parts: the VB program, a PC compatible
computer, at image captate cand (installed in PC), the OCR machine and necessary cables.
The itnage capttre card i alle to convert digital {pixel) images into the sigual which a CCD
cameea prochiers. The signal enters the canwea inpnt port of the OCR machine (CVIM2).
Moreaver. the OCR machine iz counected with the PC by a RS 232 fink thal serves lor
commmmnication between the PC aml OCH machine .

The V'I'B system generates a series of tesling images, according to nser requireinents.
The testing isnages are converted to a CCV camera signal and enter the OCR machine, The
OCR machine processes each image and sends the resudis back to the PC computer. The
acquired oemtlix nre rompared with experted esults and stored in a table for later analysis.

The VTB Structure. The V'l program is composed of Lwo cooperating paris: the
Image Generator and the lmage Sequencer. The Image Generator provides access Lo the data
stracinre Testing Image Pattern (TIP), which stores all information necessary for generating
a aeries of texting fmages. The Tmage Geaelator {1G) interacts with the wier when ‘TIP is
heing ereated and coaperates with the Image Sequencer when a serics of testing images is
being generated, The Image Sequencer controls the process of testing image generation (in
I(3), controls and communirates with the OCR machine, and accumulates and processes
test rewnlts.
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The Testing Image Pattern, The TIP ix a set of graphical objertx. It can contain
the following abjects: Hues, rectangles, cilipses, polylives, polvgons, bitmaps and toxts,
Propertics of the ohjects are dexeribed by mttibutes. Attuibutad prupeities ace those ones
which will vary in testing images. The wser creates the TIP by placing objeets and defining
thelr ovtrihaies

Attributed objecy properties simmlate Jocal ohpat distortions,  Liene aie sevepad o
tributed properties common for all objects: a position. rotation. size, object gray level.
Distinctive objects have also specific attrilules based o their nature, Since the program ix
designed for tesving the OCR machine the nost complex graphic object is a text,

The 1ext ohjeet can cither print standand 130 wing Teae Type Fout [T'TF) technology
ot can simulaie a dot jet printing (DJP) which is widely waed in industry. In both cases,
the lettor height. width and spacing i attribated. o a DIP mode, additional properties
arc attributed: dot size, dot colimn spacing, dor row spacing. 1 is alke possible 1o define
printing distortions like a dot size varianee, dof position vatrtaitce, colimmn position variance
(these distortions have n normal distribntion). Not ouly text parameters but also text string
is a attribute, It can change i the serivs of tenting innges,

Image and Object attributes. The program nsex two atiribute types: numerical
attribute= and text strings. Based on user seleciion, numerical attributes can vary in three
ways during the generation of testing imagess (1) abradnfe, the vahue dowes nof change, {2)
random, the value is selected randomly from a given interval, (3) exhaustive, the value
is selected frum a given intervid with o given step so that all possible combinations of all
exhaustive altribules from T wight be wed, The 1ext string is generated cither from a
text file or weing a metachoracter string {grammar rales),

Boesides object distortions. the 1G simukues also entire image distortions like: noise,
image deformmtions (projeetions). light vartations, ete, hage distortions parameters are
attributes so they may vary as well,

Usage and Implementation. Having defined the TIP, the wer swilches to the 1S,
enters a nunber of regquired tosting images and 15 will start controlling the IG lo generate
images and sequire results from the OCR machine. The pesults can be then processed
tn other programs (a spreadsheet, statistical package). Conclusions ean be used for QUR
algorithm improvomenis.

The prograw is implemented in (*++ and compiled for Windows NI, We hope that
this is the beginning of our conperation with A1} Comp. and mere scientifically oriented
prejecis will follow,

This projiet was supported by the Allen-Bradlcy Reoscnrch Centor, Prague wader contract
IS 362094,
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The aim of the project. The aim ol this two year project is to reduce the amount of
errors in couversion of ensler to veetor ftnages by the order of one or two. We propese to use
a knewledge-hassd approach for that purpose. We developed the automatic vectorisation
system without knowledge earlier [1] anel extended it to he wsable within the project reported
here. As tie general line deawings comprise complex knowledge, we restricted our attention
to stmple eadastral maps.

The second i of 1he poject was to stimulate wsearch in the Bayesian estimation
theory applied 1o CAD systeme and geographical information systems particulacly. These
isstes are partly reported in [2.

Automatic vectorisniion. An automatic vectorisation system was developed (1]
It is able to process large scanned maps. 1t is typically used for maps of size AD. The
process consists of preprocessing, (hinwing, and raster to veclor conversion, Our practical
experiments have shown that conversion is quite robust for simple maps, .g., those used in
forestry. On the other band, the aulomatic conversion has difficultics when use for complex
maps as the iliage segmentation process itself is diflicult, It seems that a knowledge-based
approach might be a good solution.

The fimsl approach might use knowledge o the level of image segmentation where
individual objects are identified, The second approach that we have chosen in this project,
could use a vectorised version of a potentially oversegmented imnage and Lries o build a
correct interpretation using the knowledge.

Proposed knowlcdge-based linterpretation module. The antomatic vectorisation
modale takes the raster image and produces a set of vectors that correspond to lines in the
otiginal image. Vectors have a distinet topelagical structure (ie., their adjacency to other
veclors) that is important to tepreseat. ‘The wetrie propetties of vectors (i.e., Jine length
or width} are important as well. We devided to separate these qualitative (lopological)
properties from quantitative (inettic} propettios to ease antomalic reasoning.

Thik theught Jed ux 1o the pepresentation of the drawing by an atiributed graph, The
graph itsell 1epresents topology and the attribnies represent metric or other gualitative
knowledge. Vertors correspond Lo graph odges and vector endpoints correspond to graph
nodes, The graph nodes thas represent the adjaceney botween veetors. The geaph nodes
are atiributed.

The knowledge abont all deawings of 1he same type is formally represented as o language
describing thei topology and geoseenric poperties. The isterpretation of & drawing can
be viewed as a translation from the fopological langnage 1o another, funclional langnage
by performing a semantical labelling. The langnage is modelled by a forial grammar,
A granunie has been created for the simplified came of eadasteal maps, The desire was to
tegt §f this approach is plausible,
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Grammar symbols and rules. The texminal symbols of the grammar are divided
into two groups. Symhole from the first gronp cotespond to initial geemetrie Inbelling: END
represents a hanging line, VERTEX repretents a join of just two vectots, FORK represents
a join of three or more veciors.

e wovond grovn eoteiste of the following semantical [abels: SIGN represents a spe-
cial symbol on a cadustral map that means two groutdds ate wegisterd togeile i TEXT
carresponds io alphanmmeric text. BOUXDARY correaponds to a boundacy of a ground.

The translation then replaces symboly from the fist groips by the symbols of the second
group while maintaining the structure of the graph, Typically, ouly adjacent nodes are
taken into account. The representative ride looks like the following (N(s) is the set of nodes
adjacent to the in question s):

il {label(s) = vErTEX) A
{3t € N{s}: label(l} = souxnawy) A (Vi € N(s), n # 1 label{u) = vERTEX)
: ~ label(s) := sounpany

The interpretation of the map can he omlined as follows: The initial state (symbol}
of all nodes in a graph is lirst sol according to the number of edges joming in this node.
The new symbel is evaluated for cach stnle of the graph. The symbot evaluation process is
repeated unti! there is no change in symbols assigned to graph nodes.

Conclusion. The above-outlined method was implemented and tested on a simple
subproblent frons the domiain of cadastral maps, The preliminary results are promising.

There are still several problems to be solved. We created the granunar reles manually
in ar ad hoc mapner. Bven that the inference of the gramimnar from the training st is
extremely difficult, we may try to semiantomize . The convergence of the above-ontlined
algorithm also remains an open question,
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Tlie rainbow range finder is a device for Lhe acquisition of three-dimensional (3-D) infor-
mation about surfacea. It uees active illomination for the extraction of information missing
in two-dimensional image. ‘Fle 3-1 coordinates of the peints on the measured surfaces are
determined by triangulation. In contrast with similar approaches, the illumination patiern
is a continuous rainbow with parallel sirips of constant monochromatic color. The rainbow
illurination is produced by a projection of light passing through an interference filter using
a commercial slide projector. At a point in the image the olserved color is used for the
monochromatic color tight plane identification. ‘The imtersection of the plane and the beamn
passing through the focal paint and the position in the image plane locates the sutface point
in space.

Fig. 1: Basic principle of rainbow range finder.

Problem. The position uncertaiaty of the surface point is bounded by a hexaliedron.
Four sides of Utic uncertainty hexabedron are determined by the camera pixel sides pro-
jected through the focal point. Two rest sicks are detepmined by thie monochromatic color
planes passing through the projector. The angle between these planes is influenced by the
uncertainty in the color determination.

The color detennination is influenced by several faclors, Among the others, we can
mention:
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o The quality of the rainbow light ource,
o The color, 1ellediance propeitiva and (e shape of the observed wirface,
e Color tesolution of the color connna.

Solution. An impoitant efiect mimening tie prision of the wlr Jetamsination i
the camera color resolittion. “The color discrimination capability of a camera is not constant
over all wanelengthes. For sume dominant wavelengthes, ihe color dicerinsination ermor is
signilicantly higher than for othets. This is ol convenient fur many applications. The
end user ustally prefenss a lower maxinmiu et when the sverage error is kept constant,
The aim of this contribation is 1o deciease the maxinmun valie of the error caused by (he
mentioned elleet,

The task is 1o find the relationship between the dominant wavelength of the fight plane
A and the position of this plane in space parametrized by the angle . The criterion is
minimize the maxinmm value of the ancertainty in the light plawe position determination,
All needed functions are ktnown in a nonparametrie form {measured on the system) and the
nutnerical solution of the 1ask in pussible,

When the function Ma) W known. the ioterference filter with the cegquined propertics
can be manufactated,

Conclusion. Tl abiove deseribed method aflows ns 10 decrease the maxinun vrror
of the position measrement without incvasing the cont of the systen. When specific
requiremients on the behavior of e eror fanction are daid down, the appropiate changes
in the method can be vendered ta satisdy the wser. This and other methods can avoid the
tnain disadvintage of the rainbow range finder which is itx relatively low precision.
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One of the contral issues in computer viston is how the properties of intensity image
constrain the imaged surface shape. This “inverse problem” is impurtar! since computer
vision deals with extraciing relevant information abont the workl from images. Shape is
a natural foature of real-workd ohjects, it is thereTare important for ohject recognition and
geometric reasoning.

Loral Shading Analysi= (1L8.A) alms nt looking for a diret relation between surface
differential properties and lucal propertios of its intensity image. The general advantage of
LSA ik that it can provide surface-relited data for higher-level vision algorithms from sin-
gle monocutar 213 intetwity images etthout reconsteneting e serfuec in an explicit depth
form. This iz poxsible beeanse the intensity imnge is strongly 1elated te local surface ori-
entation [7). ‘The surface normal vector and the shage operator (“curvature matrix™) are
thus natural shape descriptors obtninndly from imlensily image by means of a local com-
putational opetation. The rescarch rweported here was motivated by looking for qualitatice
shape from shading. This is an important isstie, sinee (1) qualitative shape miay be sufficient
for recognition and geometric reasoning. which Jeads 10 an incrcasing interest in qualitative
shape from X [1,8], and (2) intensity image is a natuza) sonrce of visnal information.

Previous Work. The following facturs are assunnsd: the Lambertian diffuse reflectance
model, uniform surface albedo, and known positions of infinitely distant illuminant and
viewer, The prosence of intereefloction anong surface pitehon is excluded. These are stay-
dard assumptions in “shape from shading.”

Pentland [6] strongly restricts the suface class in his fundamental work on LSA: it is
to be a spherr. Then the surface normal vectors up to a convex/roncave case, the surface
albedo, and the incident light divection can be estimated from timnge data without knowicdgr
of the illuminant pesition. Uf the qualitative illnminant position is known, the ambiguity
can be resolved. When the assumption abont the surface is violnied, the estimates degrade
very fast, The solution need not exist in the case of parabolic surfaces,

Later, Lee and Rosenfeld [4] provided an alternative solution 1o twe problem. They atilt
assume the surface is spherical, The general drawback of both of these approaches is that
the recovererd normals nead not tnodel a smooth (integrable) suiface heeause of the heuriatic
assumptions about the surface.

Olicnsis [5) ansumes that a surface point neighbourhood can be approgimated by the
osculating paruboloid at Lhat point. Then, the surface normal parmeters, the principal
curvatures, and the sutface albedo can be estimated. Alhough cotevt, this approach to
LSA is rather poorly tractable because of the complexity of the mathemadical dexcription.

Our Contribution: We employed a special surface parameterization uniquely gener-
aled by the susface reflectance isocurves that project on isophotes in an image, Then, the
LSA problem becomes well-lractable with no a priori restriction on the surface form in the
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rense of restricting the warface (vpe Jike Pentland in [6], Lee & Rosenfeld in {], or Ferrie &
Levine in [3). or the surface order like Amspang in [2]. or assuming an explicit local surface
approximation like Oliensis in [5]. The generality of the pruposed approack allows further
aralvsie of jintape events, The theory i presented in {7] in Wl detail. The main theoretical
results may he summiarized as follows;

(1) The surface normal vector and Ganssian curvature can uniguely be estimated along
occluding contours in the iage, (2) the surface aormal vector can nniguely be osthnated
along sell-shadow contours in the image if the pogition of the illuminant is known, (3) LSA
cutside the occluding contour is only possille when the sorface is non-developable, {4) the
surface normal vector amd priucipal curvaturen up to their signe can be estimated at im-
age singular puints due to critical points of 1he surface reflectance function, {5) isophotes
are always parallel to zevo-curvature principal ditection irrespuctive of ifluminaut position,
(6) ontside the image singulinrities, four solutions for surface normal victor and principal
curvatures can be cotnptited by tneans of o simtple and closed-form estimator requiring up
to second-order image derivatives.

Open Questions. ‘There are two [undanwntal gquestions remaining Lo be answered:
(1) Can the rurface normal vector and the shape operaior be specified at other singular
image points? (2) o wider to joler the qualitative shape from shading. the loeal ambiguaity
problenn must be solved: a mechanism for propagating naambiguous surface imterpretation
from loci of wiique qualitative solutivi {vecluding boundary} hias to be found. This works
well in biclogical vision systems if enough unambigaous (sparse) cues are available, The
question remaias which mochanizm is to he loft hebind.
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Problem statement. This work aims to show that the expensive CCD camera with
12- hits quantisation of Balt intensity con be teplaced by the 3 bils camera, The computer
virton laboratory carry out the projeel with the Oncological Depart ment of the First Facully
Clinie of Charles Thiversity in Prague. The chieck of a tay emittor charactetistic is needed
for safety and guality irtieliation of patients in the irtadiation treatment. Oue of the possible
methods of emittor chacacteristic measarement is based on evaluating the optical density
af the phiotosensitive filio irradiated by o my emittor. The optical density is defined :

D=log ’T

where £2 is optical density, £ intensity of a light source, X is intensity of a light passed
through.

Our aim is to measwre ke intensities of £ and X by CCD camera, The relative error
of computed eensity 13 i in the best cane

LB+ A x 1077
oy T - &)

"
log( £) x 100%,

by =

where 8p is relative etror of density computed from CCT) catnera tneasured data,
Ay is gquantitative eeror of light intensity saumpling.

The icamured range of optical density should be {0,2.5) in onr application.. The
relative crrors shoukd e lower than 1%, These regrirctents are fulfiled by 12-bits CCD
camera. We mill deal with the problems of using the B-bits CCI camera by criending ils
dynamﬁ:ul measurcment range,

Solution, We ran measnte density np 1o a valne of 1.2 with nelative error Irss than 1%
by the 8-hitx CC1) camera. We have developid a new iethod which can measure densily
ligher than a value of 1.2 with the same relative error limitation,

We suppose Uhat Che ontpat of the CCL sensor works in a linear part of its characteristic.
‘I'his characieristic can be weitten sinply (1) amd asunming the lighting £ = constant (2).
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let na assume {7 < Upep, where UL, i maximal output voltage in linear transmision
characteristic of CCD senso,

¢ = hj: E (1) dr. (0
" = kv E <o, (2

where {7 i< antpit vollage, k is Iransmission coustant, /¢ s integration time.

Using the CCD camera with an clivtronic shuttes. we can make two meastirements with
E. = consiant, but with o different shutter tinies, We can extend dynmmical measurement
range in Lhat way, As zome pixel ontput can be saturated while measuring with Jonger
shutter time the next tequired feature of CCIY camera is an antiblooming, Thiz method is
strongly limited by proper funclionality of the antibloonting yaies, "The relationship between
the two measuretuenty is exprosed :

g
mid

R

|
I

The cxtension of dynamical measnrement cange deprrnds linvarly on the integration time,

The CCU camora should work iu Nuear meorde, 1t means that antomatic gain control
and auteiri should be switchd off, gama cosrection shoukl he sot to 1. We would again
point out that the lighting £, has to he constant, in the hest case Uhe souree of light should
be supplied by stabilized direet onrrent. A (requency apectenn of the light ronree should
be out from the infrared range or Heut off shonld he used.

Result. The method was verified with an one line CCD sensor Fairchild CODI4Y and
is corrently tented with 20 Philips camera LED 07035,
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RENDERING REAL WORLD OBJECTS
WITHOUT 3-D MODEL
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Methods shich are able to captune a 1eal oliject and render it from an arbitrary different
viewpoint usually use a 3-1) madel of the object. The hottleneck of these methods is the
FD model creation, I is a substantial problem which has not yet been solved for objects
of complex shapes. Our approach invelves representation of the object by a sel of primary
2.0 vicws, rather than by its 3-D model. Any view not contained in this st is obtained as
a combination of a small nuinber of the closent primary views. The advantage of this new
npproach is that oljects of more complicaied shapes can be bandled and that the access to
views ix faster than in the case of rendering the 3-D model. The result of our survey of the
state of the art ix that no inforination har been published so far about any systein which
is able 1o capture and render real-world vhjects asing a similar approach, though there are
reveral inspiring papers (.., [1]).

The idea of the method is as follows: A sel of primary views covering the whole surface
of the object is captuted. These views can be accessed directly; only intermediate views
are misting, If information about the correspondence of Lhe primary views were available,
we conld obtain any intermediate view Ly interpolating between a subset of primary views
close Lo it.

To proceed, the following problems must be solved: (1) Determining the position and
intengity of a pixel in e interpolated view using positions and intensities of # corresponding
pixels in # primary views. (2) A visibility problem for the pixels in the interpolated view.
{MN A correnpondence problem for n-tuple of the primary views. (4) The choice of the
wminimum but suflicieut set of the primary views, [In our research up to now, we have found
promixing appronches (o solve (1), (2) and {3). Of these, the approaches to (1) and (3)
have been supported by successful experiments, We have shown that the position of a pixel
in the interpolated view can be approximated by the lincar combination of positions of
correaponding pixels in the primary views, assming the proximity of the views, We have
ontlined the rolution ta the viviLility prablem in the interpolrted view under the condition
that cvery point on the abject’s surface is vistble from at least n primary views (n given
typically 3 or 4). \We have proposed the method for acquiring the correspondence, hased
on the already published work [1]. We have not dealt yeb with the difficuit problem of the
choice of the mininnitn bat sufficient set of the primary views.

179



WORKSNOP 95 ENGINEERING INFORMATICS & CYBERNETICS

We have condiicted roporiments with the construction of the interpolated view from a
pair of primary views. {n fact, this atate of vur vswcarch b alieady suflicient to reader o
real-workd object from any view fying on the cirele avmnd the object (see Uie ligme.

Fig. 1: Two primary views of the abject (a linen townd), rotated around a vertical axis by
0° and 10° (lft and right), and the interpofated view viewrd as if rotated by 5° {tniddlc).

In further work, we plan to improve the corvespumdlence algorithm, to make the analywis
of the error duc to the linearization of the problens of finding the position of a pixel in the
iutermediate view. awd to find at least 4 partiad solution 1o (he problem of selecting the
minimum but sullicient set of primary views,

At the end of our rescarch, we intend Lo constrict a prototype uf a device able to readera
captured real-world object from an arbitrary viewpoint, tying on a sphiere around the object.
The rendering algorithnr in this protatype should be implementad on the nmitiprocessor-
multidisk system [3]. We expect this will make passible s frame geneeation rate high enongh
Lo achitve the inmpression of the real-tinse toving of Uk object on the sereen.
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CURVATURE VIA CONVOLUTION
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Curvature of the Digital Curve via Convolution with the Gaussian. The im-
provement of compting curvature of the digitized curves was presented in [3. 1ts extended
summary is presented here, The newly proposed curvature computation method ¢an be
used in computer vision in varions curved objects’ descriptions. We use it in our projects’
concerning 3D curved abject recognition,

The standard scheme of compiuting enrvature using convolution with the truncated
Gaussian keried was studienl. First, we showed that systematie bias caused by eurvature
smoothing can be removed, Second, we demonsizated that a large portion of the error has
roots in other phenoiiena {(anisotropy of the raster, limited size of the Gaussian, numerical
integration of the convolution, amnd disctetization). We have applicd performance analysis
and the discrete nature of 1he data has been constderd. ‘The proposed method proves to
e betler than the best method proposed in the survey paper (3]

Let us briefly review current approach [2}. Suppose we have a curve in the parametric
form x(t) = (r(2). y{1)). The hasic iden is 10 oblain a smoothed curve X{¢) = (X (1), Yit))
by the convulution (denoted ) of the original curve x(¢) with the Ganssian filter Go(t), b.c.
X(H) = GL{¢) © x(?). Derivatives of the sneotly cnrve can be computed vin convolution
with the derivative of the Gaussian kernel; the second dmivative can be computed as follows:
XMt} m G.(8) @ x"{t) = G4() @ x(!). The parameter o is related to the scale at which
the operator G, acts.

Lowe [2) compules the curvature using derivatives estimated according to the previons
equation. It has been olwerved that a enrve is shrunk towards the coentre of curvature in
the process of smoothing, ‘I'he side effect is that the estimated curvatute » is significantly
biased. Lowe shows that for original 1/x 2 a, Uhe estimnted & 2= ||2¥).

A circle of radius r passing throngh the origin and centered at (r,0) has heen used
instead of the general x(2} 1o casc the development of the degree of shrinkage. The coordinate
function x({¢} for & path length parameter (fr is £(t) = W1 = cox L), y(t) = rsin i,

Bias elimination. Our aimn was to find a fonmnla thal compensates for a good deal
of the curvature compulation error as a function of the o of the Gausiat,

We wanted to discrminate the error caused by smnathing from other error sources
(anisotropy of the taster, limited size of Ahe Gaussion (e.g. 30), numerical integration of
the convolution, discretization), Therefore, we decided to compute the eqnation for the
curvature & analytically, oblained by the convolution of the Gaussian it h continuous case,
To easc the computation, the curve was lorally modelled by its osculnting circle.

P - +
By cvaluating &{{) at { = 0, we gel: xp, = }nﬁ = xe™F=, where gy, is the theoretically
computed curvature, r is the radius of the cirde, £ = 1 /r is the curvature of the oaculating
circle and o is a standard deviation of the Gaussian.

T, Pajdla ia currently visiting ESAT-MI2 a1 the Katholiche Universiteit Leuven, Belginm.
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Onee «, and & are known, anbiased gy, can e computed from e following equation:

Kma = Kt 20 We tan mntiint otnselves 10 i, 2 0 heranse o = F(Fua) i an
odd function. The right-hand side of the previovs cmation §s a wonotonically decreasing
function from &, to 0 and the left-hand gide ix a monotonically increasing function from 0
10 o5, Lhis unphies 1t tlens enists Just vin sodafion. 8 can be compoted nmerienafly,

- Conclusion, It is evident from the equation for computing s, that for rerognition
purposcs cia hashing, wo shrivknge cornclion has o b performed. The based cnrvatore
K i% in one 1o ohe correspotdence with &2 11 implics that x,, has the same dexeriptive
power as & itself,

We condicted exhastive expeviment (1], They imply that we can measure atrvatore
of a circle with an ecror varving hetween & 1o 21 %, The remaining error is still significantly
biased, Further improvements conkd be achieved if other plenomena fike Gawsstan kemel
truncation, numcrical integration, and vielation of comsmon paranwetrization of £,{f} and
x{1) were investigated. The local model of the cnrve abo plays a rolez in highly enrved pacts
of the curve. the osculating circle ix not a suflieient model.

The experinuent with the clothoid corve [1] teaches ns that for 2mall & compared to the
radius of the osculatory cirele the sl sre strongly influencad by raster anisotropy, This
effect i< for # = Land & £ {0, 0.15) of at least the some importanes as the error cansed by
curve shrinknge,
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The mast pepular rendering methwds in compater graphies for three dimensional scene
are tay-lracing and radiosity and tleir combinations. They ate chatacterized by simplilied
approach to captine the depth of space. This increases the quality of the rendered insages.
Method using the spread point funetion depending on the distance of object from camera
in the space wis described in 1981 by Potmesil and Chakravarly (2. This inethod provides
tuite good mmiltz, but it fails i certain cases. Que of them is a problemn of overfapping
objects, and the seroml one is visealizing objects in a mirror.

That i why we have proposed differemt approach of capturing the depth of space. We
have implemented o mode] of a camera. which <obves impetfections mentioned above. It
cven onables to sinmlate optical faults in a real eatuera.

Maodel of n camera. Camera model i Laasd on the main optical axis. A path of a my
through lenses can be dencribed in two different ways. The firsl one wses sisnple expronsion
based on the focal distaner, The second one siniustes refraction sarfaces {a part of a sphere
or a plane), Both methods can be combined together. ‘The computer mode] aflows also Lo
create such an optical system which caunot be budlt in the real world,

Processing of rays. ‘T'he size of a blur ou a tilis cannet be described funetionally, That
is why we use the qercration ara. For every pixet on the lm frate we generate a set of
rays casted from the evalunted pixel through goaeration ana 1o the optical gystem. The
rays pass through and enter the 31) scene, whete standard ray-tracing algorithm is used for
their evalvation. The color of pixel is evaluated mx an pverage value of the set of rays. The
shapes for generation arcas can he eivele, ellipse or netangle (n rays for one pixel), or five
or niine points supersaapling ot jitlering methods,

To speed up the whole rendering. adaptive method of tay generating is suitable. We
can take into account auy of the micthods deseribed above and add an adaptive approach Lo
all of them. The principle preserves the property of blwr and speeds up the rendering n: 2
comparing Lo non-adaptive method. A similar wethod can be used also for antinhiasing
effect, eapecially in the sharply viswalized arcas.

Camera preprocessor. The aim is to design the oplical system as a preprocessor for
commonly used ray-tracers (see Figure 1), The ray-tracer must aceepd the definition of
input rays (the arigin and the dircction) from our preprocessor. After evaluation of input
ray, the resulting color must be retarned 10 a preprovessor. This condition can be satishied
for almost every ray-tracer, if it is available in a source code, not as a standalone program.

The model presented in this paper is based on idea of generation arva. The quality of
image depends on the right size of tlie generation arca and its position. These values are
important parameters of the system. There is 110 vasy way to sl all parameters correctly.
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Fig. 1: Commection of camerss preprocessast wilh other provessey

The optical system ean e designed wbitray I wser so e only switable st lod sems
to be the eration, We lave inplemented set of dilfenmt mellods for sotiing, the optical
gystony:

Set Shurpuesn, Sit Shavpness From Fo, Focus &1, Poean Infinity, Aatofocan,

We have implemieted also the 1o0] for linding the foral distance of created optical
system. Thiz method i used For experiowents concenning design of appropriate paranwtors
of oprical system,

T'his resvareh hiy been comducted a1 the Department of Compacter Seience and bas not
been supported by CTH prant,
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The aint of the intelligent contrellers is usnally to find a substitution for anthropomeor-
phic control procedunes realizsd by 8 lunan operator.  Fuzzy controflers may utilize the
aperalor’s experience in linguistic form. In many cases, the operator is unable to formulate
all his decision rules explicitly. One possible wuy to obtain the rules in these cases is to
obrerve the operator’s activities and to try to induce the rules from measured data. The
method sulnpitted provides a tool fr this purpose,

Most of indutrial comrol prucessas, where the application of classical control ap-
proaches is problematic. Let us take as an example biotechuological processes, They are
uznally wotlinear and novstationary in nature, mul most of the variables describing these
processes cannot be directly measured on line,

For these reasons, mast biotechnological processes are manually controlled and the
operater of these procesen usually has a good idea of how their charges will behave under
most operating conditions.  On the other hawd, mannal control of thede bioprocesses is
a challenge for Mzzy contrel application. There are many successive control systems for
bictechnological processes utilizing a fuzzy approach. Tl most popular example i using
fzzy contratlers for wasiewater purification proresses,

The eracial problem in the design of a fuzzy controller is speciflyingf the rules in linguis-
tic form. The actual mmethods for finding these rules are mainly oriented to the acquisition
of human kuowkslge. An experienced expert or skiflel operator is interviewed and ashed
which rules he nses in specific situations to obtain a suecessful decision. But often a suc-
cemiful operator is ot able fonmulate the rules explicitly, In this case one pussible method is
1o ohwerve am operalor’s activity, 1o store all initial conditions and corresponding cecisions
and then to iry to find corresponding nides by analyzing the data.

In this paper, & metlind bised on the information theoretic approach is submitted. The
method wtilizes an approach known az a General System Problem Solver {GSPS) suggested
by G.LKlir {I}. The dimensions of state space of the cousidered process is estiinated hy
the GSPS. The control action depends on state variables. Some of them are not directly
measnred, They may I teconstiucted with the help of other variables which are directly
measnrable, Let us consider that we measare all the variables of the process which can
probably carry information for the necrssary state variables. Some variables may be redun-
dant and therefore must be excludal, Onee accomplishing these measarements, we obtain
data which may be arrangedd into the matrix form. The rows of this matrix, called an ac-
tivity matrix. coresspoid with incividual variables {contrel action and state varlables) and
columns correspond with sampling periods. { Let s assume that the sampling frequency is
optimal) [2]. [3]. Our aim i now to find all vardables and their delayed values (becanse the
systen s assumed to be dynamic) which carry information for rontrol action. Formally it
means we st choos entries of an activity matiix with the help of a specific matrix called
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“aaeh”. The elenuents of o gencrative mask ape 2ero, negative, or positive, meaning “npen-
tral elepent”, "genetating clement”™, atd “gensrated vlenent ™, respectively. The geoerating
elemient conrespunts with the control action, generated elements ave fontded and nenteal
clewweris have to be exeluded as redundant,

Fur teeed the cnpren contdang maniviad fdoomadion fovestnd Lot ng e e mantanl
information is wsed. We gradwally clieck the miean mietual information belwven the control
action nut avtead jand delaged v of all variables andd all their meaninelsl combinations,
During thix process, the pelusdant varialdes are excluded (they caery no additional informa.
tion) and finally, we (dtain the group of variables cateving masimal jnformation for control
action. In other words we obiain the dinvension of the state space [, 5]

The following step is an approprinte partition of 1he state space Tor eolls asoriated
with lingnbstic te3ms ased B the Tales it Baguistic form, There are different approaches to
choosing the number and shape of relevant wewbership fupctions in cotrmoan ase, We may
define merhership fanctions apriort, of we may define ondy the desived wanber of fuzzy sets
and estimate thetr menbership fanctions with the help of wine clustering algorithin using
the available data. {Algorithms ke ISODATA | fuzzy C-MEANS oic,) [6)

Having the partitions Ve connections betwern fudividual colls amd relevant conttrol
actions Jisd be speeifiod, These connections ey alro be evaluated by means of mean
mutttal information. For any colt of the stine space. e stiongth of the connestions with
any degree of contiol action may be estimated, A conpection amsociatod with the higher
degree of wwenn murtual inforwation cortespomds with thie bowmbed rale,

T tuwethod submittedd here is ot so complicated amd povides isfocwation on the
quality of avaitable data, (IF the data ace safficiently vich (o cover alt aelevant cells of the
state space and 1o allow an ference of all eevan) 1nfes),
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Recently. people have changed their view on Cumnbustion engine control systems in
atomubiles, Before that they i considered them as necessary engine equipment. \ith
the help of the evolution of information processing and semiconductor technology. it is now
possible o design complex eleettonis cotttol systenrs . "Che systeme ate both seflicient in
weliability and alfordable. Antomotive electionics hag developed very dynamically in the
last ten vears. M this time, the price of the antomobile slectronics represents 20 — 35 %
of the whole price of the new constructed cars and this tiend will undoubtedly increase.
Even though there are a lot control systems in cars {air-comditioning control system, brake
system conttol, information aud navigation systeis, eote.), we will concentrate on the engine
ignition contrul syatems in vur article. Iy reganls to the lung cooperation of the Department
of Control Enginerring with the car indusiry (Skada, Tatra, PAL and Tesla Sezam) we have
obtained a lot of infortion about seguirements and targets in the aea

Ovor dhe fnst thiree yoars, we iave been engagedd in cooperalive rescarch (internal CTU
grant no, ¥008/91.02.495) with the Ficalty of Mechanical Engineering {Depmtinent of Com-
bustion Engines) aml the Techunical Vniversity of Liberee, In this cooperative project, we
designed and constructed several interesting versions of adern electronic ignition control
systems aml developed several atgoitluns for spark advance control to reach optinal opera-
tion paranieters in regands to exhalation litits. Flectronic digital ignition systems enable to
conlrol turhoboost engines that work under the lean burn regime, These engines cssentially
reduce the amonnt of nitrogen oxides XOx and sionphily the problem of exhaust gax catalytic
purilication. To reach a similar effect that is typical lor engines controlled in the arca of the
stechiometric ratio X = 1, it is possible (o use o ot way catalyzee that 34 umch cheaper. To
use enginex under 1he Tean combustion regitne, it i awecessary to design a special ignition
control system that geneates spaks of high energy and works with optimal timing all the
time. 1n (his camer, the uptimal apark advance seems to be a very complicated multivariable
function aml the control system that would he able to controb 1he vugine according to the
fnction under all working conditions can only he & digial system. This kind of system
most often works as a iemory. ‘e data for ali apeeational conditions are located in the
system memory {systemn map). The engite is equipped with sensors of the vartables that
have the biggent idluence on the adavanes (angle velocity, lund torque, coolant teimperature,
etc.). The variables are periodically measured and the optima! spack viming is chosen from
the zystem map, Sparks are generated witht the belp of an actnator,

The coutrol svstem that we developed i gas ebgines with lean combustion also works
this way. This system s the MH 1210 custower inteprated cirenit, which was developed
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in Tesla RoZnov according to the anthor’s desigi. As a renult of the projert, a prototype
series of the iguitions control systenms for gas engines in reological city buses wax produced.

The method we wsd Catters ety uick ~p~tem responses and s more advantageous
than othier feedback systems, Even though the doveloped system s eneceefel in practice,
we can not omit several shortcomings cansed By the direet conttol method we weed. This
methind only provides optimal control when the coincidence between the spstem map and
the real engine propertion eximl.  Fhe systetn wap i coaied 2oe wding ta the etalon and
the real engine propertics can be different (rom the etalon and chianges in the progress of
operation.  Another ptoblem of the method s that only several variables which have an
cssential influence on the spark advance are measuted, The variabies that are not measuwred
can cause inconvenient timning of spark generation.

Althongh the grant projeet has already finished and the nesalts are folly wed in the
automobile industry. we continue with onr rexearch, We are ereating a new coutrol algorithm
for the designed control system hardwate to repovre all the disadvantages we mentioned
above and to miaintain quick responses during acceleristions, This combined system will
be controlicd accorditg to the map during aceelesation and deceicration. Other algorithms
will be active during steady conditions. This feedbuek alporithm will maximize o quality
function in the work point given by the map value in this petnt. From the practical point of
view, the most advantageous way is to maximizes the engme torgue. {f the load is constant,
the cngine turgue changes canwen angle veladty changes of the engine. 1t is very casy 10
micasure them, The designed regulator will maximize cebocity by the spark advanee changes
and substitutes the origingl map value with the new value. The wegulator maxiimizes the
theradynamical efficiency of the engine. Sometinws it is more important 10 comrol the
exhausted gas composition. This kind of control must to be based on other principles.

The main peason for designing mentioned conttol systems is pollution control. B
variables characterizing the degree of pollution are no! wsually mcasurable ot fine. The
conventional feedback contruller is wsually desigiead as a state controller. The unmceasnrable
stale varinlies are typically estimated with the helps of i state observer or Kalinan's [ters.
It is very problematic under condition anch as low precision of the sensors (high noise)
and nonlinvar nature of the combustion process. One prospuctive method for solving this
problem is using of nealinear rontroller designel as a fazzy controlier, This type of controller
may ulilize only tie measmed state variables,

The final resubts of this researel must be post poned antil next yenr and we assume that
the rescarch will he continme] a3 a grant project next year.
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Many tasks in nataral language processing are hased an proper identification of the
role of words in a text, Uicir Lagging. I can be derived using complex linguistic knowledge,
which iz very difficult to lay down explicitly, in an egbaustive way and without loss of
consisiency. That is why there is an increasing tendency to vse dilferent learning techniques
for its cxtraction,

There are Markov-model based stochastic 1aggers which use the probability Lo find a
word tagged with Tag in the text Pfwond/Tug) nlong with the probability P{7eg/previous
n lags). These stochastic taggers are able to reack very ligh acenracy. Nevertheless, infor-
mation ig not represented in a directly undentandable form. ‘The rule-based tagger created
by Eric Brill (2] keeps the ligh rate of stochastic taggers, but unlike them it captures the
relevant knowledge in a small set of rules. The basic iden of that tagger is lo use a learning
stralegy {Transformation-Based Errer-Driven lasming), so 1hat sets of lexical and contex-
tual tules are extracled from a pretagged corpus (the user can choose his own set of Lags).
There are only a fiw {ranslormations (metarules} which describe the features relevant lo
the part of sprech as: the tags on both sides of the word, the first/last characters of the
word, or the possibilily to find in the corpus such pairs of words that one can be derived
from the other.

In real applications, there is an wrgent nevd to handle unknown words., The stochastic
taggers usnally introduce the same probability Pftfuknown Vord/previons n tngs) for all
unknown words into the model.

On the contrary, the rule-hased tagger is ahbe (o extract lexical rales based only on
word prefixesfsuflixes, so that it can make some hypotheses about worde even if they are
unknown, ‘The performance of such & tagger when wnknown words could appear in the text
is s6il! very impressive. For instance, an accuracy of 97.2% way achieved for 600,000 words
from Penn Treehank Corpus f1).

The method on which Eric Brill’s tagger in based is not language dependent. Neverthe
less, there is no experience with elficiency of that algorithm in the case of languages with a
rich morphology. Our first experimentx with an Italian [vgal domain corpus show that even &
text of limited size (2,700 Lokens) is enough for Anding some important traditional-grammar-
like rules. The corpus lias been Lagged in a semi-autematic way by an expertenced linguial
using the help of specialized software (Morpho-nualyzer of ARTOSTO [1]). It is important
to keep in mind Lhat the final tagging of an unknown word is reached after tie application of
all possible rules it their proper order, =0 that each rule only partially restricts the number
of candidales for a particular tag.

One of the derived rules is the following: "Tag & word as PA (prep.arl.) whenever the
addition (delotion) of the string "la” on (from) the end of word results in a word that can be
found in the text,” For instance: "del <~ della, nel <=> nella™ and so on. The comparison
between contextual rides that have been learned frotn an Italian text and those learned from
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English Brown corpus shotes many <imilarities, For instancee: “Change the tag from com-
mon noun to Levas. roil il the previons seord has 1he tag adrerb of place (lalian)™; ” Change
the tag from ronreen aonu 1o rerd if the previons word has the tag adeeeb Fnglish)”. Ac-
cording Lo (his rale. the word work will he tagged as rerb in the next sentence: “They
Alwaysadrerd worhg rord with vieigy™ evess when Preerk /eammon aonn) > Piwork/eerb)
il we do not enre abont the context.

Evident paralicls between the comextunal rsles and the rules of (he traditional granmar
can aiso be found. For instance. our first Yalian rule distingwishes trapsitive from inteansitive
verbs by the occurrence of an object or its determiner at their right side.

Duting the leamming process, a simple lesicun containing &)l words from the corpus and
their possible Lags is being ereated. No concep of wond paradigm is applicd and there are
no rules how 1o conneel the forme of the flexible words with their basic fornt. Such an
approach is in A certrin way an altemative (o the morphological vocabularies. A great deal
of a linguistic experts’ work to eapture the peendiarity of the language in an exhaustive set
of rules is replaced by the less expenzive and much miore intuitivee 1ank of ™ choming the right
tags for the learning corpus™.

Nevertheloss, many applications still wse the concept. of the merphological vorabulary
[1]. (3} Their advantage i a relatively compact st of basic forms of words when compared
to the very large kexicon of Fric Brill's tagger, The biggest advantage of the steatepy wsing
morphological vocabulary is that the sative semantie valne is associated with all fomms of the
same word. The price we pay for that is the boriug mantal work te deseribe the relevant
subset of rules for ench wonl,

Keeping this in mind, v conld be worth trving 10 merge the benefit from the morpho-
lagical vocabuiacy with the lower cont of the Jearning strategy. Normally, for Ui purpose
of tho part of speech 1agiing, words with dilferent lloxion are tagged by the same tag il
they have the sanie part-of-sperch role. This situation is comton for meveral languages, for
instance, there is one part of speech Verb with 82 different patterns (@imicr, placcr, manger,
peser, eie.) iz French, Similarly, there are several patterns for Crech nowns (hmd, pdn, mus,
sirej... ) amd for Nalian verbs (amar, erden, enpire, partind, I we use Lage referring to
morphological patterns of words insicad of 1he pari-olspeech tag, it could be possible o
guess the pattern of an unknown word found in the text. Fven more, Fric Brill's tagger
can return mudtiple tags for a word, = that the operatar should choose the right Lag from
the few mast probable. Based on this idea, the resnlts of our experiments with the Crech
language will be veported i the pear folure,
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A human operator controlting a provess can performn various control tasks, Skill-based
control, snch as minimizing control errors, represents the lowest level tasks amd hing boon
studied inteasively during the last several decades. Supervisory control of complex systems
comprises higher level operator tasks, namely system faull detec- tion, diagnosis and recov-
ety. I the cognitive engincering approach. hig- her level tasks are denoted as rule-based
and knowlwdge-basedd. Lrror detection and diaguosis for these task eategories have been
intenxively investigated in last yeus,

The first methods of human error description have been based on a be- haviouristic
approach. Only the consequences of human errors were ac- counted for. The task perforined
was classiliedd a3 a suecess or a failure. The analysis of human errors requires the knowledge
of human coguitive meehaninms, Thix reason has stimalated rescarch in modelling cognitive
and decision making activitics of operators. Cog- nitive classification of huntan errors should
respect kiowledge orga- nization, copuilive coutrol and characteristics of the environment
where the performance takes place. On the skill-hased tevel, liman ereot can be denoted
as slip, meaning intention correct and action m carried oul as planned. On the higher
level, a rule-bused mistake means faalty application of well known rules at procedures both
in identi- fring a situation or in adopting a plan. On the highent leved, & know- fedge-hased
mistake meats gelected plans do nol it with the problem to be solved.

There are two basic approaches (o error detection: the signal-ba- sed and the model-
based miethods, In the ease of the former, proper symplons are derived frot the measured
signals Lo detect errors, Ty- pical symptoms are the magaitude and the derivatives of Wie
measured time function, Bmit values and some statistical charncteristics. The Iatter make
use of the operator hehaviour model. Construction of such a model is the crucial point of
the method, While for direct control tasks, U opetator behaviour can be modelled by the
use of analytical models, for higher level tasks qualitative or knowledge- based models are
necessary., Examples of advanced models of this kind are described in (1] and [2].

The simplest method of fanlt deteetion in contivuons Lasks consists in a threshald test.
If ¢onstant thacrholds are wsed, the problem of effects of noises and other unknown inputs
arises, If the threshald is too small. fakse errors will occur, if the threshold is oo large. small
errors can not be detected. Especially for lmman error detection 1his method brings several
disadvantages, whick can be avoided by the wse of the Tuzzy approach.

One way is in the introduction of an adaptive threshold as decsri- bed in [3) and [4).
The input meazured values are converted to linguis- tic terms by applying fuzzy sets, Now
fuzzy rules are introduced for the evaluation of error symploms and other error inllnencing
factors. The following defuzzificalion produces a nmmerical value giving the threshold for
error detection.

Another approach is based on fault fuzzy definition appearing in reliability theory.
In [8), a method for fuzzy fanlt detection is proposed which detects faults by comparing
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measured values to fuzzy simblated ones, ‘Ihe meawred value can also be introduced as a
fuzzy quantity and 0 oo threshold o1 special deteetion procedis is nee- ded,

Tiwe luzzy concept for lnanan error detertion was tested on a simue- Iated horizoutally
moving pendulum of variable lrn[,lh {a rram-) mmmllml by o human operator, ‘The crane
was simudated by U v of ann atidfy Lol sl Lam? ooy prbes enahlsd variond error definiti-
ong derived from pendufum nugulnr deflection. The }mman operator error was indicated ar
membership values for three lingnistic variables,

Forther rescarch will e oriented on lintnan operator belavione madelling for simple
tasks and under the consideration of behaviour in- iencing factors. These models should
serve for human error detection,
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Some of the wadts, whicl were achieved in L olution of the rescarch project E-1, are
briefly deseribod fn this paper.

Deciding on the inmovations. mathematical methods are applied (and in our research they
are prepared for industrial and pedagogical nse) e.g, in modelling of innovation life cycle
(rise, development, propagation and diffusion of innovations), as well as in innovation project
management. Iy the computer support and wathematical modeling of innovation project
management [1] our attention has been coneetraled wainly upon

a) the relection of Research and Developount Projects

1) the scheduliog of the innovation projects

c) the chrunicling with contemplating the deviation of the actual state of innovation projects
from the reli-dnled state

The present situation in Czech enlerprises signalizes that there are no program systems
available (hy wow) which wonld make ux powsible Lo carry outl elfectively multicriterial
selection of hundreds of projects simultancously, with 1ens of eriterion fnnctions including
non-linear ones, and tens of msource limitations by means of persoual computers,

This is why a decision sapport system [2] has been created for solving the following
problem at the compter PC AT: "To choase for the plan some of the 5 from innovalion
projects. et ¢ be an index of project (f = 1,2,....5). The goal of the solution is to find for
all i the values bivalent variables &, far which 8 = 1 if the project is selected for the plan,
& = 0 in the oppusite ease. Mabn requirenients of the solution are the following:

a) to satisfy the rexouree limitations of Lype

Suyd €4, {o, >0, 0,50, 3=12..m)

b} to make every offort 10 minkimize the eriterion fonctions 5; (F = 1,2,...,p+ ¢). llere
5 o= Bie,d (= L2.0p) {erbtedon funetions of gain),

e = (B =)D —m)—m) € [-150} (k=12..9)

{criterion functions of balance),

b = (SeampmS )i (k= 1,2...q) le the ratio of the manpower allocated to
projects belonging to category & o toral manpower neetled for the solution of all projects
that will be selected for the plan. The projects may belong Lo difforent categories which
need not be ntually digjenctive, Simaltancously S{k) = the sot of projects falling into
category &, 1, = wranpower wsed by project §, wp = ideal value of quatity 4,
{ry=0"Frr <0, Hr)=1Tforr>2 0 To solve thir problem we have created algorithms
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[3) Lased upon the peineiple of neference point {1].5]. allowing the introduction of hewristic
iterations, with agiegative scalarizing eriterion funetion and o dinlogne reaime. Having car-
vied out the uptimization. the war may, for examphe decide which of {he ertetion fnclions
satisfy him and whick do not. afier which the system in the dialogoe with him gradually
improves 1he soiution,

"The innovation projects which lave been selected should be schoduted {6}, {71, {8], (9.
A multiproject seheduling program system has heei crvated based on hewrigtic priorily rule
for shifting of the innovation project activities in the case of limited resources, adapted for a
well-comprehensible commmication with the weer and having a graphical outpnt [10]. This
syslem has been applicd in the industrinl enterprise [8],

The thicd prograim system created is based on the so-callest §8D-genph [11) which com-
bine advantages of Gantt chartk and Petri nets. This program system contemplate the
deviation of the actual conrse of projects from the dewanded scheduled state and mapped
it into a Beclement seale. 1t it an siseful 100l for praxix of the fJunovation project implemen-
tation. All the program syrtems are adaptad for an associated anique commun database
fystem.
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The priveciple of scalled mebed-based fault detection methods consist in the use of
state eatimators or (e for analyzing daia measured on monitored plant or control sys-
tem. evalwating how far they correspand 10 the expected tandard imodel function. By means
of specinl infultation procedures tie mode] allows o provide the so-called analytical re-
dundancy and Lo generate residunls {(deviation signals) which serve for detecling system
faults. The wethod is well elaborated {1] for the modets based on standard state space,
i e described by system of ordinary differential state equations. These models are well
suiled for mechanical and electrical systems with concentrated parametres, however, they
are nol very suitable for the svsteins wheee substantial delays and aflerelfects appear. The
clasrical slate space model of this kind of systems requires Lo introduce artillcially a higher
number of stale vartables so that most of them can not have corresponding properlics on
the monitored ohject.

In previows anthor's papers (4], [5] a so-called anisochronic stale space model has been
introduced and investigated, being marked by substantially lower numbet of state variables
and ability dircctly 1o express any fortn of system hereditary praperties (delays, latencies,
aftereflects), Linear form of anisochtonic state model results in the following functional
dilferential equations sl

dx{l)
dt

where 2, 0, g are the vectors of system state. input amd ontput respectively, aml A(r), D{r)
are the respective functional matrices assigning not only the gain coeflicients but also the
approptiale delay distribwtions. Only the real accumlations on the plant are duseribed by
the lef-lnd-side derivatives “;f Due to this, as a rule, almost #11 of the state variables x
are measurable and may be considered as system outputy oo,

A atate estimntor for the anisochronic system (1) may e designed in an analogous way
to the standanl one, i, ¢, ax a parallel model with a special feedback from the measured
ontput g Il can be expressed by the functional cquations

di(1) T . T T
I =£ di(r)x(i - v} +j|; dG(r)ult - ")+j'; dit(r)p(t = 7) 2

wheree = is an estimate of the state vector. To build up & convergent state estimalor, it is
necessary to select =uitable fiuictional inattices satisfying the following conditions

G(rl= B{r). HAry=A{r)-Hr).C )]

T T
-[ dA(r):-(!-r)+f dD(r)ulf — 7). p=C-= i)
i} n
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The feedback matrix H(r) i» lo be select in o sinjlar way as in standard estinators, i. e
with the aim Lo assure a good convergence of & towatdd 7 even if the wodel matrices A(7),
B(r) are identified not very exactly. It s purposdul to design H(7) as a functional matrix
100, since then is it possible to eliminate some of the delays from the estimator dynamics
this way.

The task how to perform the synthesis of H({r) or the synthesiz of anisochronic system
in gencral is a ratlier new problem in control theory, Two ways of approacliing this problein
have been followed and employed:

a) system representation by its charpeferistic function in complex domain and its fol-
lowing shaping

b) H(r) design with the aim to get an alinost delayless system ef the samne order as (1).

The first approach has been developed it a genera) extent. i. = for any control or
dynamic problem which can be considered as n task of parnmeter assignment. The miain
results have been presented in (8], The fatter is an approach suitable particulary for setting
up an cstimator feedback. A well-proved option of this way of solution is as follows. By
sctting-up H(r) il is aimed 1o get an ostimator matrix A(r) = H(7) - € which is near 10 a
target dyoainics with n-times repealing zero == 50 thal

T
det[pl - L dR(zr)c™] — (p+ T (4)

where T, is a suitable Lime constant, 1L js necessary 1o select an optimal value of T, providing
an enough st cstimnte convergeace of (2) without threatening estimator stability. The maia
achicvements of anisochronic functional slate estimators are the following

e plants with hereditary propetties may be followesl by models with relatively low
nuinber of stale variables

¢ most of stale varinbles are introduced as physical reat propertics and are ineasurably
as a ruje

+ anisochronic state approach distinguishes between delny and acennmlation dynamics;
it means & more natural and true principle of modelling for thermal processes, cherical
reaclors, biological phicnomena etc,
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The ati of wing software design Lools is not only to ke the design process faster,
cheaper and more comfortable, Even more impotant is to achieve higher level of func-
tionality and better quality of the designed products, Reducing the need for experimental
verification using real product prototypes. which ix inherently slow and expensive, by com-
putational techniques allows for asking many ‘what il questions which cannot be answered
by experimenting in principle.

The ultimate goal of any computer-based desigy system is to proceed from the given
product specification up Lo the product manufncinring and testing automatically, Despite
of the large number of engineering software Lools available in the market already, the actual
situation today, liowever, is to still bave just *islands’ in the design space, imostly unlinked.
Existing tools for divect synthesis are applicable just to very few classes of engincering
problems. This underlines the importance of simulation and optimization. In the case of
mechatronic products, the simnlation and optimization methods as well as 10ols should be
applicable to all the engineering disciplines, desipn levels and design dexcriptions involved
in the design process of the products,

There exists a wide varicly of simulation 1ools for physical design lovel, some of themn
very sophisticated. These touls, however, are mostly dedicated to one engincering discipline
only. For this reason, designets of multidisciplinary systems stil commonly resert to deriving
the system cquations *hy hand’, and to solving them using a block-oriented sitnulator. The
block-diagram oriented simulation programs are well suited for the design levels of higher
absteaction only. Using these programs for the physical design level is tedious and error
prone.

To use compulers for simulation clficiently means 1o use them both for formulation as
well as for solution of the system equations. The programs for symbolic computations are
of a rather limited significance in Whe case of enginecring system equation - only a marginal
variety of engineering problems posses an analytical solution, Therefore, the engincers have
to stick mostly Lo the numerical modeling and shinulation procedures.

The first author has developed a novel methodelogy for snltipole modeling and auto-
malic equation formulation of equations for mlxed-encrgy-donain systems on the physical
as well as on ligher design levels. This approach has proven 1o be considerably more cfficient
and user friendly than that based on block diageams or hond graphs. The approach allows
for selling up models of nnltidisciplinary syslems from submodels of the system compo-
nents in a kit-like way isomorphic with the structure of real systeins. At the same time,
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the approach is applicable to systom madeling on differemt tevels of their abstraction nsing
differcnt devign deseriptions.

The sccomd anthor hias contributed considerably 10 the mathematical theary of nu-
merical minimization. especially in the area of variable metric methods for tinconstrained
minimization. Based on s uimigying appios it e e evtended the applicability and com-
putational efficiency of these methodx, le has also developed several minimization miethods
of bis own, His effort resulted jn meltiparpose and rolmst optimization packages SPONA
and UFQ.

It wae just quite uatural 1o combine hoth anthors’ approachies complementing cach other
to achieve abjectives of 1he project. The combined approach has been implemented in a
prototype software aid demonsirated in the case of several design problems. The developed
methods lias been published, and specification of the developed roftware is readily available
for further nphringing 1o its comunerciatisation.
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For the solution of many problems from: physics and other Belds (sce e.g. [1]) it is neces-
sary Lo combine numerical computation and symbulic, algebraic computation with foymulae.
Symboalic processing of formulae on computer is most natnrally done by one of the available
computer algebra systetus (CAS), but these are slow for nunerical computations. Splitting
the compautation into two environments, nueric and symbolic, wonld most often Jead to
problems with information exchange between them, Parther, such combined computations
would be wseful in cases where only n particular type of mathematical objects, o.g. polyno-
inials, are pracessed andd whene algorithms faster than the general ones implemsented in CAS
can be applierd for thexe objeets. 1t is thus desirable and already proved to be useful [1] to
implement algorithns manipulating symbofically specilic typet of forimulae in the numeric
environment, However, such implementations meet other diffienitics. since the algorithma
dealing with formula¢ are complicated and their formlation in the nutneric environment
is tedious mid errot prone. 'To overcome this dilliculty we propose a method allowing val-
idation of these algorithims by their comparision with algorithis alecady implemented in
CAS. Antomatic code generation then guaziatees that the resubted implementation is ervor-
free. To distinguish the algorithms which perform symbolic operations in the numerical
cnvironnient frot other methods we call them symbwlic-numeric algoritlins,

The method for development of symbolic-muneric algorithm performing operation O
on fornmlae of Lype TF can he shortly deneribed by the following steps:

1. the symbolic implementation $1 of the operation O in a CAS in whick formulae from
TF are represented as gtandard formulae; this implementation is usually very simple
and we assame etror-free

2, propose the representation R of functions from TF in numerical arrays

the symbolic-numeric implementation SN1 of tie operation O in the CAS in which

formulae from TF are represented by the reprisentation R; this implementation is

typically mnch more complicated than the nplemeniation 51

4. compare tlie results of the implementations ST and SNI on chesen input data for the
operation O; comparizon I8 done in the CAS: in the case of different results follows
cotrection of bugs in the implementation SN1

5. aulomatic generation {by CAS) of numerice] implementation of the operation O from
the CAS-validated implementation SNI

b
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In this method we are using the computer algebra rystom REDUCE with the numerical
code generation package GENTRAN and numerical prograniming language FORTRAN.

The described methodology hias been wsed] for 1) develupment of validated symbaolic-
numeric algoritluns for computationk of twa qnantitics weed in atomic collision theory, The
first, matrix cleinents of Coulomb intetaction between two hound hydrogenic states necds
evaluation of inteerals

1 it ~
WL P.(r)r'"drur‘f" Pafr)e =" d r, M

where £i{r),i = L2 are polynomials in r originating from U radial liydrogenic functions.
The developed symbolie-mameric algorithm inclndis suhalgorithms for symbolic imcgration
of the above integeals, caleulation of 1he 1adial lydrogenic functions and manipulations
with polynomials, The developed symbaolic-nmmeric algorithm implemented in FORTRAN
is about 300 times faster than the symiwlic one implemented in REDUYCE. The symbolic-
numeric algorithm is much faster bevause it uses lloiting point represeutation of polynomial
cocflicients. works only with a specific type of formulae and it is compiled with static arrays,
1t lacks the tymbalic abwolute precision. not relevant for the applications.

The sccond, three-dimensional overlap exchange integrals for heavy particle collisions,
have the form

j"’"“lll"‘l {ry)e™ "'."l""l.""..:,...J (r2) A ry. {2)

where Vg are hydrogen like wave functions with the quantum sumbers #, 1, . Shakeshaft
{2] has shown how these integrals can be ransformed into one dimensional integrals. For
symbolic-nuneric algorithw caleulating the excliange integral {2) we have derived [3] a
cloged form fornwmla based on the method of vl (2], The preseoted tiethodalagy has heen
used for checking the correcines of the closed form formula and implementation of the
symbolic-nuwmeric alguritiun which transforis (2) into one dimensional integral integraied
numerically.

The methodology and its applications to matrix clewents (1) and exchange integrals
(2) are described in more detail in (4], which also ncludes a fully Leeated gimple example,
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Geonteiric transformation ix a very common operation in image processing. It is nee-
essary for fitting images of different sources (e.g. acrial pholos, remole sensing scenes of
various spectral bands, scanned or digitized maps elc.); or, generally, for finding corre-
spondence of objects in an innge with the reafity. 1t has cven more general theoretical
background, hecanse geometrie transformation is actually a special case of so called Inverse
Problem.

Geometric {ransformation is, generally, described by the equation

=T, ()
where
F ...coordinates of a point in an inage
T ...coordinatest of a point in a required coordinate systom
Ty ... Lransformation model; Ty : X = Xt 3 Ty(#), X, X € E?

Ty is given by a set of parameters g = [fy,....4a] that can be computed with the aid of
the set of pairs X' = {§,.4]|7 € I}, which represent coordinales of tick points in both
coordinate systems,

The resecarch focuses on the problem of aceuracy of transformed points and s depen-
dence on the configuration of tick pointz. The transfortnation model T, is supposed to be
ktwown in advance, ‘The objective of Uie research is to estimate the probability disiribution
of Ltransformed points + for Lhe arbitrary configuration of tick points aud their probability
distributions. The fundamental principles of such an approach are applicable to the vari-
ety of common transfornation madels (congruence, similarity, alEnity, projective Lransform,
polynomial Lransfortys etc.)

The tnain task is to determine mapping

q’-":j"—.f‘l

where £, resp. [ standy for the probability density of coordinates # , resp. . The symbol
@y includes a set of probability densities {[f, /;] |7 € 1} which correspond to the set of tick
point conrdinates V. The mapping W can be obtained by severnl ways.

By the simplest way, the density f can be computed with the aid of the veclor of
parameters 4. whose probability disiributions are evaluated by solving the overdetermined
syslem of equations

n=T#}.iel (2)

201



WORRKSIOP 95 ENGINFERING INFORMATICS & CYBERNETICS

by means of Bayesian wfeience, This way has to be nwd wlien the prior probability dis-
Lributions of the trandormation paramieters are availihle, Thiv cane in significant when the
geometric redation betwoen both comdinate systems is controlled and the values of param-
etes has boeett hept a prodedostmned adges fop remete vening, photogrammelry, map
digitizing cte.). The expected position of the point being determined (£) can be expressed
in the form of probabitity distiibotion and wusd in the Bageston procedure ax well,

There is a remarkable commeguence of using the prior probabilitye disteibutions, 1t is con-
nected with the reliability of the resnlts of transformation, that is dependent not only on the
nwpher of degroes of freedom of teansformation equations, bt also on the informativencax
of prior distributions. In the classical least-squares adjustment of teansforimation param-
elers the reliability i given only by the numiwer of parameters, when the tick puints are
already cstabilished. By means of the prior disteibutions, the Bayesian approach provides
a finer tool for setting awp the rate between reliability and adeguaey of tie teansformation
model. Thiz advantage cau be casily shown in the problem of scale distortion of digitized
image. The distortion can be negleeted if o matecial of the digitized shoet {paper. i) has
a high stability in size. Then all the measured coodinates are used Tor computation of the
rewnining parameters (Tenedntion, wtation). Inclacing the seale factor in the adjisiment
reduces the mamber of degrees of recdom. Tomiakes the sesults eas refiabbe, especially when
the distorsion is nov-usiiform aued different zeale factors have to i intrgduced in difecent
axes and i different arcax of an tmage,

With the least-squares method, the hetter adequacy of the transfornition model can
be reached only 10 tiw dettiment of the reliabitity. The application of the Bayesian approach
with prior distributions rextrains the decieare of retiabifity, The more informative the prior
distributions. the foss deerease of reliability is caumed.

Prior inforntation ix available for the positions of captued pointy {F, . 50 0 well,
Consteained areas whete the tick points are oxpected 1o fall in are kpown in advance,
Therefore 1lie xpecial probahility disicibution was consicdered for the densities £, fi. £, The
main fealures of that distribution are deseriled in (1]

The mentioned adeantages 1mst be proved in soime sprecial transformation modeds (con-
gruence. xivlarity. affimity) before this approach wonhl be generally reconvinended, The
most eonvenient softwane tool for such nunwical experiments by a statistical computational
environment XLISP-STATT, This euvironswut is based an the XLISP programing langnage,
which supports fapctional and object oriented programing styles. Besides a variely of sta-
tistical functions, XLISP-STAT includes a package for approximate Bayuesian computations.

Application of Bayusinn the Bnference in goomeotrie transformations makes p useful con-
nections with other operations in image processing wing the Bayesian approach: classificn-
tion, interpretation based on & knowlelge system with Bayesian declsion rles (eg, veclor-
ization},
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The syntiiesis of Expert Fuzzy Qualitative Modets and of Qualitative Control Algo-
rithms resnlts in many casex in non optimal products [1]. ‘The siluation can be improved
in some cams by {uning of models [2] (using special methods) but the principal problem
{redundancy or non completencss) there i« not solvad, The theoretical line of our research
programine thete Tuw been devoted to optimization of Expert Fuzzy Qualitative Models
(which have beens designed by Knowledge Networks composed of fuzzy AND/OR elements).
In this context thete bas been inse sated the generalized concept of Basis induced by
Matroid structure [3).

Definition 1: Matroid M is a pair (X, 7). where X is a Gnite sel (sel of nintroid elements)
and J is a system of suhsets {(of independent dements) on X with the following properties:

a) s non empty heriditary system:
N e NANDN'C NN = (N eT) (n

b) I A A7 ave two eloments from 7 and #8 < #A47, then exists an clement £ € N =N,
and holds N U {r} € 7.

The princigal importance in one development there lias been cepresetited hy the defini-
tion of Indepondenes of functional elements.

Definition 2: and;, andj € X,

Ind(andj, mnd;) & (OUTANDnd)) =1+ /-¢}
& (OUT(AND(md})) =0+ / = ¢}), (2)
where AND represent fuzzy operator elements , OUT symibolises valucs of their outputs
and cpsifon is a roal 1olerance of extrome values on interval L € I ‘The symbols andy, and;
represend veelow of inpuis 10 Juzzy AND elements,

The formation of the Basis has heen realised in the following steps ;

S1: The forwation of coveriig Cov of 21 X by subseds N © X L & = L....,q of independent
objects,

82: The lormation of Aatroid [ X, 7 ) by rwans of ubjects ram covering Cov nsing opera-
Lions of Definition 1.
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53: The search of the Basis by means of Greeddy Alaorithm fa].

Alter the formation of the initinl Basiy (deductive Bagis) 1here has been constructed its
inductive extensdon, Thic semi-formal precedure has been realised with help of Nearal Net-
work {BrainMaker v2.5) which had been prepared hefore and trained for the satie modelled
process [7).

The principle of qualilative oplimization is non numerical in substance, The fragments
of the struclure are comibinied by determined oplimal way. Inour investigation there has been
applied the structure of veelor matroid (bs a prototype of & “bailding block struciure”) for
the optimization of fuzzy AND/OR networks. The research line has heen directed mainly hy
ideas of Knowledge-based approach to faull detection systems design (mainly to exploration
of qualitative modelling background for the Knowledge-bascd ohservers). Nevertheless - in
more general disciplines , e.g. in the fiekl of structural optimization aml in the Design
Theory , the use of "tree matroid structure™ scems to be very promising [5),[6].
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The cssential sithject of the project ™ The Ineratigation of Algorithms for Dynamic Mea-
suremenl and The Specification of Methods for Estimation of Errore of These Mcasurement
with Use of PC plug-in board Systemny” follows from ity name. When, however, the algo-
rithms are developed, the tools for their testing in practical applications have o be at hand.
One of these tools is the gencration of Lypical waveformz {not only in the digital form ! r a
gimulation of sampled waveforins, but also in the real analog form) with the known param-
cters, Besides Lhe simple wavelornis (sinus, triangle, squercwave) there are also the voltage
waveforms, which are ofen used for a pulse control of drivers {Fig.1.,2.) and can be digitally
generated. The current wavelorm is derived siinuliancously from them (Fig.3..4.) for the
defined parameters of a louad (R,L).

I 1
i |
e X =
1
- - 1 ]
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Fig. 1: The pulse width modulation Fig. 2: The pulsc controlledd DC motor
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Fig. 3: The current waveform A Fig. 4: The current waveforin B

In the case of simple tiyristor conteol il is cotnposed of the sine function and of the
exponential function. In another case (Lhe pulse-controlled DC and induclion motor) il is a
numerically defined impulse course, The current courses are in this instance made up of the
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expouential parts, 11 s neersapy for a dable aatns of cartent conrse 10 aee everal steps
of iterations,

The average and RAS value of both the mudelled waveforms and the active power are
sinmbtanconaly computed.

Then the waveforms in o digital presentation ave 1o he converted 10 1he analog form,
The two-channel atbitray programmalle gencrator {plugin boad) Keithley-Netrabyie's
PCIP-AWTFG/2 in usedd for this purpose, The parametens of the generitor are as follows:
Ontpul roltage 0 to +30, B lo +1. 25 fe +3V, <1 bo + 10V [ 26t vesolution: 5 Ml
sompling frequency: 2 xJ&S0 warcform uiemory

Theoretical estimated ertom of the defined power and of the RMS values should be
lower than 2/204=H = O[] from the ADC range (wv [ The real errom of RMS
vatue were measnred asing two different multimeters - TP HO)A (D 15%40.01%), TIEMASA
{0.00%-+0.05% ) and the power analyser Noga DS {029 4029 in ACEDC mode, Some
of the results are listed in Table 1, wheie the pacaneters of 1he geneeated waveforms ane
also shown.

VOLTAGE
Makod ises Ej135
5| 50 B4
0] 5 0.14
N I 034
o 500 0.28
700 | 5000 | 5 0.44
CURRENT Num, {Messured valuas
3 (2] b R fresud §i Extors %
Wisked] Puises | (me] [lIlA} (HP34401 |HPa45S |D5135 [HFaA55 (05133
] 50 10 | 3.474 3.4, - {3478 0.08 0,12
I E{a¥2i| oiui| 3720 aiis| 07| 003|016
10| 5000 S|3451( 3451 | 9483 | 3448 00G| -0.08( 0.08
— 100|500 51083 1.053] 1.053] 1.050 [ 0.00| 028
100 | 5000 2000 | 2@ | 2880 ] 2853 0] 000 023

'ab. 1: The measwred ertors

The differenees between computed aml measiee] vadiues ate i all casmes smaller than
the errors of the used instraments, The parametors of the twe chiannel pade of wavelonm
generation {power messurenwet ) are weasied at the real time,
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An information system of digital signal processors (DSP) allowing one to find out or to
compare the paratneters of the different DSP. The system ix composed from the database
of DSP parameters, and the program (written in Clipper 5.2) 10 edit and search throngh
this database has Twen created in the Depactement of Mesnement.

The gronp ot the parameters of eacls DS is displaved simdianconsly on one screen, so
the wser can look at the iduration cad of the D817 Therefore the information of auy DSP
is compact, The progeam allows the user to file the cands under the chiosen eriteria and find
out the DSI* with 1he hest parameters, The weer can natnzally delete any information and
write in a new one. There also exists (he possibility 10 create a completely new database
with the same structnre, for example to creatie a datahase of some speeial DSP.

The uzer drives the program chovsing from the metn. The wie of the menn follows the
riles used in conlemporary progeams. $o it is easy to get through, On the last line of Lhe
screen the information text is placerd showing the user the list of funetions jn the chosen
part of nenu, It shows more detailed information about the chosen function. The user can
get all the information ahont the program from the wide text program (help), The database
of the terms (vocabuliny) wsaxl in the DS technology is also included.t is also possible to
edit this vocabulary and write in new terms,

The DS have the following pacamcters written in the database: the fiima, the type,
tho fixed or foating point, the won! length, the dexeription of the nmltiplier,the stencture
and the size of the internal program memory, the stenctare and the size of the internal data
mettory, the strnctire aid the size of the extereal prograr memory, the stractire and the
size of the external dnta memory, thie technology of the production, the parallel 170, the
serial ports, DAMA channels, instruction eycle, power supply. nnmber of timers, the type
of the package, the price, the source of the information, the software, the date when the
information was aetquired, information about the aplications of the DSP aud other notes.

Currently wo have i the database of the DSP, information about 113 DS from Texas
Instraments, Motoroln, ATET, NEC ad ADSD,

The infor:mation system is accessible via the server MERENL wping the word MES-
BASE and choosing alternative 2,
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DETERMINATION OF PERIOD TIME
FOR PULSE WAVEFORMS

P. Stadler

CTU. Fac. of Electrical Eng.. Dept. of AMeasurements
Technickd 2, 166 27 Praha 6

Key words: pulse waveform, virtual instnonent, signal processing, digital filter

Pulse controlled drives npe frequently used at the present time, The electrical parame-
ters of their supply {Power, RAS, ete.) are often nseasured using sampling methods [see 1.
Instead of sotme special instrismuents, pliug-in cards with snitable software support can be used
as the "Virtual lustroments®. ‘The roftware for realisation of a virlual wattmeter, a RMS
voltmeter, a phase shift meler, or a vectorvolimeter on the base of PC plug-in cards has
been ereated by the Department of Measurement fsee 2], The most important condition,
and the first neccessary step for nsing the supply quantitics computing algorithmns, is lo
define the period timwe of & sampled pulse waveform {especially in the case of low speeds,
when it is not advisable to tse the sucthod of a moving average).

The deterination of the period time is often uot a simple matter, particularly in the
case of voltage waveforms of pulse controlled induction motors, For these, pulse width
modulation (PWAL) or other types of pulse modulation are usually used. The voltage
waveforms have several zero-level crossings it one period, Sometitnes Uhe signal may be
deformed by overslioots and accompanied by additive noire. Therefore the period time
cantiol be defined ditectly from the tinwe points of the zero-level (or another defined level)
crossings. It is nocessary to proprocess (the sampled sigual (o recover a "smeoth™ wavelorm
with the dominant basic harmonic,

o Theoretically four basic methods can he used for this purpose:

= autocorrelation

- digital flltedug using FIR or HR flters

= apectral analysis using FET

= copsiral analysis or Hilhert transforiation

Al four methods were analysed and examined using “Matlab” and “Numeri® sofiware
packages with the following results:

L. The autocorrelation function is tot a "smooth™ function for the majority of
examited pulie waveforims, Although the period of » basic harmonic may he well visible,
there are still pulses and it is not adequat for defining & comparison level for the period
determination without further digital processing.

2. The FIR filters of a higher ordet (> 40) can be used to scparate the signal with a
dominant basic harmonic. The system finction {1{z} of a causal FIR flier is represented by

- =1 =N
") = Bz} b 4 bzt 4 o by o

Als} ) = et = L = g
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where the covllicients a, = 0 = L. M)oand b £ 0 This means that the FIR Blter
is always stable and the length of the trsaeist e is equal G the les dengtls.

The DET and windows method was usinl fur the th'h'u{u of the alter. There are twu
contradhictave dematiis 1w s vase ot e o T sipeed staeesding, and the guality of
the filtering. Therefore, compromise valies of Blier parametors have @ be used,. Moreover,
e revonpsended sativ of a simpling frequeney and n ent-off fiegueney of filter i not kept,
because the nmmber of smnples canuot be smaller 1 achiove the demanded prevision of the
nwasurenent.

The HRR Alters have poue of the above mentioned disdvantages. Hlowever, there s
a dauger of inddability sl 2 great sensitivity W the change of parameters, The system
functlon Nz} of an It filer bs iopresented by equation {1, where coeflicient< a,, &, o real
pereibers and wyp by # 0 The frespuency Diannsfomation et liod was wasd for the derivation
of the demanded filker from prototype e, The resdts ae comparalile with the resalts
of a FIR filter. but the order of the nevibed ilier s smalbee than the tider of » FIR filter.
thu the compating time ix el shoder, The most setions disadvantage is the andefined
transient time,

. FFT ir ot snjtable for this pmpose, heeiise the masher of <samples per period
recommended in this case i 2% The the period nmst e Kinown, otherwise the nesalting
spect ey will b “bluael™, Koaowledge of the petiod of the basie biomonic can improve the
FET results [soe ).

L ‘[l use of cepsiral anatysis nnd Hilbert 1ransformation was also sinulated.
However, the resnlf » were ot satisfactory, and these methode are not suitable for the de-
termination of the periol in e case of e disenssed pulse wavefonme,

Conclusion: Digital {ilters me suitable for determination of the peviod of pile wave
forms which veenr §n the pulse control of imbuetion moters, The most procise results were
achieved nsing FIR Giltors, The provessing time for 1R Gilters was moch shorer; It be-
cause of the wimbelined transicnt Glter tme, it is diflicalt to determine the start point for
renrching the defined fovel crossiugs nemled te compate the signal period. A% a tesnlt the
possibility of cvror can be higher. The conerete resaliz for both modelled and real signala
andd the conseyuienom of errors in BMS vabue, power and froquency spectram measareient
will be discusaaed it the W,
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LABORATORY FOR
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STUDIES OF MECHATRONICS
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In regards to this project, a specinlized laboratory for mechatronie studies has been
eatablished. This laboratory consists of two independent patts, ane of then; is located at
the Department of Control Engineering. Faculty of Electrical Engincering, and the second
one at the Department of Mechanies, Faculty of Mechanical Engincering, CTU Prague.

During the fimt petiod, we concentrated on experiments with the OMRON FZ 001
fuzzy bogie nuit which is a subpmt of the OMRON (2001 programmalle coutroller. Our
fitst target was to use thik kyrtem to control two-conveyor-belts for product packing. The
products were earried un i convevor helt A at random intervals. bat at a fixed speed. The
boxes were cartied at regular intervals on a conveyor belt B, which ran parallel to conveyor
relt A, w0 that the boxes arvived at the same tie as the products, To create the knowledge
base, it was necessary 1o make o decision abont input data, membership lunction forms
ald creation eides, The inpot dats for the product fhog offset were taken from Lhe relative
produci fbox position (£) caleulated as slhiown helow:

£ = (count from rolary encoder A) ~ (cunnt from rotary encoder ).

The inpmt data (or the eate of chauge of the offwt (D £) is simply the diffeience between
the most reeent value of £ (E, ) and the previous value of E (Ea_p) as shown below:

Dk = ‘Hn) - (Hu-l)

For both of the inputs, we chose a trinngudar membership funetion. Ou the bascs of
our past experience, we created 25 rales of the lollowing fenn {ax an example we chose the
rufe Nr.1):

I ({Box ix ahead) aml (Box i= jasten}) then (Slow box a lat).

I e input data ane e foowing:

prodict fhox offt: K
ollmet ente of change:  DE
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and the output data:
ennvevor belt B apeed adjustinent: V1,

then the expressions can be convetted ag follows:

EjNL NS AR I I
DE
PL ML NL NE PS5 PM
Ps NL NM NS Py PM
R NM N§ ZR PS PM
NS NM NS PS PM PL
NL NM NS PS5 M PL

where:
N e Negative Large PS ... Positive Smalt
NM ... Negotive Medium  PM ... Positive Modinm
NS ... Negative Small PL .. Pesitive Large

ZR ... Approxinatcly Zero

The system model bs constructed at this time.

In the next experiment, the OMRON ESAF temperature fuzzy contraller was used lo
control an elcctric furnace model, As a result of this task, the control circuit hehavior under
the PID control and fuzzy control were compared,

We also designed and constructed a two-cylinder waterplant model for the Inhoratory
of mechatrottics. The PIDEQER sofiware packet (a P11} contioller with an cxpert advisor
in the feedback) cooperating with the real system with the help of the CTRL control board
developed by the UTEA CSAV, Prague, won used Lo conteol tie level in one of these eylinders;
In the process of developing the contrel circnil, we found several software defects thal we
immediately adjnsted. Retently, the model and the control system were fully prepared for
toaching in the laboratory.

The nexi experintent was prepared at the Uepartent of Mechanics. We tried to control
a drive model witli typical nonlinear and dynamic chaments that cause problems in praclice
very often. Dacklash, friction, compliauce and weight were chiosen as the typical clements.
All of them are adjusiable from the minimal value up to the maximum. it is passible to
simulate many model situations that coable professors Lo demonstrate a lot of practical
problems to Lhe students.

In regards to Lhis project, some other Lasks and experiments were prepared. Allof thom
will be used for mechatronic studies in the new lahotatory.

References:
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EFFECT OF QUANTIZATION
AND LEAKAGE
ON FREQUENCY SPECTRA

M. Sediadek
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Frequency specten are measured for periodic wavelorins or for siochnstical (noise) sig-
nals. In the latier ease, the spectral composition of the signal is deseribed by means of the
pawer spectral density of the signal {1].

An important fenture of digital measaring of fregqueney spectra (using the Fast Fourier
Transform - FIFT - algorithus) is the poesibility of spretrad labage. Spectral leakage means
the leaking of cnogy from one frequeney component of the spectrum to other frequency
components, It Jeacds to new spectsal lines i the frequency spectruan, which do not cor-
rezpoil to the fiegquency compasition of the original signal, Spectral leakage thus causes
delormation of the spectrim. 1t is enconntensd if the signat period is not an integer multiple
of the sampling interval. Specteal leakage can be exeluded by 1l synchronization of the
signal to the sampling frequency, IF this synchronization is not possible, spectral leakage
can be limited by multiplying the measred sigual by o saitable wivdow function. Some
examples of thix phenomenon are shown in [2).

AL our department we would like to evaluate the hnperfections of plug-in boards on
various measured parameters and characteristios of b signal, e.g., on RALS value, on average
power, or on frequency spectta of periodic signals, The basic imperfection of 1the ADCa
used in plug-in boards is their quantization ervor, The offect of the quantization error of the
measured signal can be simulated on a computer. [is influence on the frequency specteum
can be very well demonstrated in the case of a harmonic signal. The spectrim of this signal
consists, in ideal case, of one specteal line only. In the case of a sampled harnmonic signal
the spectrum consiats of one spectral Hae in the frequency band from 0 to f,/2, where f,
is the sminpling frequency. Since the number of guantization levels of an ADC i limited,
the harmonic signal is expressed as a sort of staircase signal in the time domain, and its
frequency spectrum consists of a basic spectrat line and higher-order harmonic components.
The amplitudes of these components depend on the ntumber of hits of the ADC used and
on the type of bit nusnber limitation used {rounding or truncation).

Computer experinients were performed to evaluate this phenomenon. SNR (signal-
to-noise ralio) expressed in dB was used as a mensure of the integral evaluation of the
quantization cffect on the harmnonic signal. When experimenting with a physical harmonic
signal using a plug-in card, it was found that there were high demands an 1l test signal
quality - both in its frequency accuracy and stability and in its spectral purity. If there is not
an inlegral nunber of sampling intervals equal to the test signal period, spectral leakage can
mask the effect of quantization, To prevent spectral leaknge. the following equation must
be fulfilled:
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TN, = [, BN =m
wiwre A i e s of the pueinta o FITC S snd T ave e Gerpaency and 1he period
time of the nvasteed signal cespertivels, T i thie simpling inteeval, and m i< a pomitive
integer.

Pl deanamts of Heguency aoomiay sivpos ol tie wimbos of St of die 2esal ADC,
These demands were found by wanerieal experivents siomilating (e amaaders of bits of 1he
wsnally terdd ADCs and e vations A gt voltages, Frogqueney syothesbors wene
found to b suitabie tewt signals sonrees for fower vsodution ADCs For high-resoletion
ADCs, spretral purity of the tont siguad must be extiemely kil odluwise the test signal
imperfectious will be seflected in e measiaged specttacat oodeve] that cinnot he disregarded.
We have found, nemeticaliy, how 1he domaeds oF the 1ent sighid frepamsey accnracy are
dependent upon the nmmbaer of hits of e need ADC,

PBecanse of possibibe speciral leakage, methods of Sincling, the sigral period tine in the
crse of complicated pecidic signal are cery imporian in dightal specteam analysin, A
presentation at this workshop i devorod fo this topie J3.
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THE PROCESSING OF THE LDA
MEASUREMENTS OF THE FLUID
FLOW WITH THE NONSTATIONARY
CONTENT OF THE MACROPARTICLES
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M. Pticnik*™¥, L. Klaboch**
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At the cquipment of the Chemical Engineering Depattinent ai the Ohio State Univer-
sity, Columbus, Ofl, 7SA we got the LA reconds, generated by the flakd flow with the
macropariickos, The aim of Uwe experiment was to answer the question whether and how
the mucroparticles influence the tnrbulence of the flow,

Mensurenents were carried ont in Qe vertical colunn, in upgoing stream, The diameter
of the column wax 4 {1014 mm), the length was 1010 . The index rofraction match
technique was nuesd: the index of the weftaction for the fuid - paracymene (2 = 860 kg/ind,
#= L0 cl) was the snme as that for the macroparticles, heads - eolurless {ransparent
spheres of PAIMA (o = 1130kg/m?), The experiment was artonged as the sel of the
individual runs: after the beads Jud set on the hottom of the column the pump was tarned
on and by opening the inlet valve of the column the run was started. The beads rose up,
digpersed and escapexd by the sequal with the nid fiom the columm fo the bead collector,
from whece they were teturned after Buishing 1he v, 1t follows, the presence of beads in
the measnting point wag only trangient. The {luid velocity wax measured by means of the
microparticles of ¢hing elay (d = 5 pm), which are usexd as the tracers, The beads have two
shzes: 1/8" and 37167, the falldown velocinies in the paracymen are 0,065 m/s and 0,200 m/s
respectively.

There have been arcanged runs with only microparticles, with only beads and with both
kinds of the particles. If we consider the microparticles ax the first facior and we assign
their absener and presence (o 0 and 1 resp, and do the same for the beads as thie second
factor, wo got {he runs 01, 02, 10, 11, 12, which may be further distinguished by the followed
component of the wlocity (axial or radinl), the superficial velocity (st by the number of
turns of the inlet valve) aul the position of the point in the column. The nonstationary
runs (xI, x2) have been tepminated after 30 seconds, the vun 10 [asted (00 socunds,

All runy (but 10} are transient, therefore our first task was to find the time regions,
where the flow conditions are almost constant. Qur secomd task was Lo eliminate the possible
reflections on the beads an we only want to 1egistet the finid velocity, The first problem was
solved throngh dividing the whole runtime perind to the subperiods (1 1o V). We supposed
Lo solve the secotd problem by meaus of the ruas Ox - tuns without the LDA particles, IT
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there wese really no such pasticles, all the records wonldd he earieed by the reflections on the
beads and it would bhe no probiem to find their charactetistics anel to climinate them from
the runs 1x. The occurence of the reconls in the tegion 1V, where no heads ate present
vid ot andy this) fndicoates, e previoes 3es isoand areesdble the renroving of the tracers
is not perfect and in the region | to 111 the reflections as well as the velocity reconds ate
pessible, We have tried to wolve the problems by wieans of the double flteation: to find the
characteristics of the tracer velocitios {from the region IV and by means of then to climinate
the records of teacer in the regions 1o 1L Then we suggested 10 repeat the procedure: to
find the characteristios of the remaining reconds aud (o climinate thes feoms the runs LI, T2
We have had 10 problem to accomplish the first step. bt we have not sicceeded in repeating
it: the only characteristic of the remaining data was the high value of the austocorrelation
function for the smallest time shift .55 the mean velocity was significantly lower and the
standard desiation higher than that in region IV, the shapr of the distribmtion was not
teproducible,  \We can only estimate the part of data in runk 1x caused by misreading,
becanse of the same mmber of the beads in the rans Ox,

Each run x1, x2 was split into tegions T 1o IV, in ench of thir regions the histogram
number of tecord - velovity was evaluated. “The resnlic were extremly dispersed, when we
used Lhe original physical cootilinates, we hive achioved the concentration by the nonmali-
sation of velocity by the formel (i = rpy§fe iy wlhens the values for the normalisation were
taken from the region IV of the same nm, where nudistmbed fow ovcums. Al il prosented
results are expressed in this normalisel velocitios.

As the additive quantities. the total and Muctuation energie ave been evalnpted, The
fluctuntion encrgy hias been ealealinted in 1wo manners: in respect to the pusan of the actual
region (interna) £ energy) amd to the mean of the wgion 1V (esternal L oenergy). All these
aumbers are evaluated as the sum of the squared welorities or differencies of 1hem, and are
corresponding 1o the cotmmon measuring of turbulence intensity; we relate our mimbers Lo
the total processed mintime, our numbers ame the rate of energy, dimension m? /53,

Fluctaation energy in respect to the loral mean shows the tarbalences intensily and its
spread Lo the upper and Jower veloeits baud, the external fluet. energy pointx oat Uhe shift
of the twean velocity betwesn the regions.

Tie comparing of the fiuct, energios shows, that the registted flux of cuergy for beads
only {runs 0x) is murch less than that for tuns with beads and particles {(mns 1x). Morcover,
in runs 02 only 30 to 60% rocerds are due (o mimsreading, eansed by the reflection and
present in the same amonmt in the tecords of the rons 12,

Al calculations are prevented in the 1ables. It can be aen that the Jocal fhuetnation
energy for holl bandn - lower and apper - hax e imagioun in the region 1 to 11, then
decrease significantly. External luctuation eneigy is alimost constant for the upper band,
independend of the presinee of honls, We conclude it most of the changes consed by the
beads are coneentrated into the lower region of the vwlacities. IF thix is troe, the ratio of the
Auctuation energy for lower and upper bancds shows the changes in the Carbalence intensity:
the value greater 1han | indicates the incrvased tntbnbenee intensity and inversely.

Thix research has been canducted af e Deparime nt of the Chemical Engincering of the
Mochanical Faculty of the Cueh Technical Univeasity and ol the swome de pavtment of the
Ohio Stale Univevsity us purt of the nacach prajeel ~Bescaich of Turbalence in the Flow
with Macroparticlea™ nnd has beonr supporied by grawt No. 132 1014 of (e CR,
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ICOSYM
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SYSTEM FOR MECHATRONICS
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ICOSYM is an open information and conferencing system for educational aclivilies
wilhin the apea of Mechatronics supported by the Internet computer network and developed
al the Computing Centre of the Czoelt Technical University in Prague,  1C0SYM is to
address the needs for information transfer on a cross-discipline base (mechanical, electrical,
control and software engineering), on & cross-sectorial base (schools, industry, research,
associations), and also on an international base.,

A special hranch of ICOSY'M will also provide a survey of EU TEMPUS Program acti-
vities with the Czech participation Lo ncrease their clficiency, both in their implementation
and resnlt dissemination periocds,

Mechatronics is a new inlerdiseiplinary mea of engincering aimed at the oplimal design
of mreehalnical-elec)ironic systemy, which range from cameras and precision instruments up
to industrinl robotx, machines for building industry and agriculture, bransportation means,
and other contemporary elect omically controlled mackhines.

Recognizing the imporiance of Mechatronics for cuhancing both the functionality and
quality of machine industry products, and to cope with the Japanese and 1.5, competition,
many Wesl European universities have already started courses in Mechatronics educating
engineers capable of comumunicating with each other across the traditional engincering dis-
ciplines. As machine industry plays an imaportant role in the Czech economy, also the Czech
technical universities are developing shmilar conrses,

As mechalronics is hased on a close cooperation of mechanical, electrical, control and
software engiineering specialists, and also on & clise couperation helween universitics and
the industey, the exchange of information coming from diversified sources is vital to it.

The objective of 1COSYM development i in iinlensifying international cooperation
amtong wniversilies amel in tncreasing s effectiveness, in facilitating their access Lo infor-
mation, in enhancing univemity-indusiry cooperation as well as continnous and distance
forms of education, and last but not least, in Lhelping East Enropean Universitics Lo over-
conw Lhe oxchange-rate barrier which still makes tedeconunnnication fees, not Lo speak about
traveling coats, oo expensive for thent

As ICO5Y M s based on the Internel compiter network which is already well estahlished
all over the World and operates free of charge, 1C0S5YM is easily accessible to teachers and
students frot virtually aoy university.

1t ix hoped, that onee the syatem is entablished, it will atiract attention of East as well
as Wext. Evcopean aniversities to such an extent, that it will grow into a pan-European
cost-cllective syxtem snppotting cooperation in Mechatronies related education. (Despite
the fact that Mechatronics in atnong the priority themes of the ECC, no similar activity
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exists g0 far (0 our koowledge.) It can be also covimaged that the nystem will sorve as i pilot
project for other educationn] arcax,

The information part of 1C0SY M should sffow 1= users 10 expiore, seandh and retricve
the DHowing Kind information:

e survey of coumes. final theses, doctoral disseriations, regearch projects, reports and
ather publications of individual schools offiring study in the area of Medit ronics

¢ student exchange and placement progeams, distribution of application furns

¢ dircclories of educrtional, research and fmfustrial enterprises active in the area
o announcements of intetnational nctivities tn the area of Mechatronics

o surveys of lilrary. patent, aud othet relevant information resunrces

& surveys of [SQ and other itternational standards

« information on new compouents, sofiware {cols, hooks. elc.

L ]

interdisciplinary library of mathepatical models for dynimmic system components and
phenomena »)

o supvey of TEMPES JEP witl the Caecle panticipation

The conferencing past of 1COSYM aitned at interactive sharing of knowledge amd ex-
change of views will allow for:

o structured receipt and teansmission of mwessages

& self documentied discussions/rotferences on specific subjects

* coimnmnication i n grougp environment

o taking parl in an established conferetice or bnitiating and moderating » new conference
by any participant .

o cstablishing a confinence as a pablic one or as Hondted toa specified group of participants

The working language is English. The systom is based on international comnmupication
standands for transfer of textual and graphical information data, Besides other nelwork
resouree Lools, KCOSY M will itifiee the Ly pertext-controlled nnedtimedial World Wide Web.
The ICOSYM infortnation and conference segients can he accessed at the following WIWW
and c-mail adedreswes rspectively:

http:/ficosyn.cvut.cz/icosym/main.htm icosym@ive.cvut.cz

This reacarch haa been conducted al the Computing Centre of the Ceock Techwical Uni-
versily as a parl of the research project “HCOSYM - Informalion and Conference Syalcin
Jor the Cseeh TEMPUS und Mechatronica™ and has been supported by the TEMPUS grant
CME-94-CZ- 100,
¥) The inferdisciplinary hbvary of mathomatical models has boen established as o part of
the riseareh projecl “hile rdiseiplingry system for campulational modeling”™ sppported by the
FRVS grant Ne. 83971991,
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RITA - A NEW PROGRAMMING
ENVIRONMENT

§. Nedvern, J. Dané#ek, K. Milller

C'TU, Face, of Electrieal Eng.. Dept. of Computer Science
Ivarlove nam., 13, 121 24 Prague 2

Key words: object-oriented programming, algebraic specification, programming language,
inheritance, Lype checking

This article describes a new programming environment RITA, which has been designed
and developed at the Department of Computer Science. FEE CTU,

RITA i a condigurable problem-oticnted language. 1t hax a lixed syitax of declarations,
exprossions and stenctured statenents, bat it typing mechanism, type chiecking, semantics
of aperations, syntax and semantics of simple statements ane free. 1L is designed for two levels
of programmers: application and systenn, The system programmer configares the language
by writing o specification and implement ation of an appropriate set of operations and simple
statements, ‘The application programmer writes applications in the language prepared by
system programmier. Thus RITA romprises two langnages in one: o specification language
and an application language.

RITAs specification langnage i baswl on sorted algebras. A set of sorls is defined
together with signatures of operators on thewe sorts.  The synlax of unary and binary
operations is fxed, while syntax of simple statements (started with an identifier) is free.
The form of a specification is similar to that wsed in algebeaic specifications (see [2]). The
semantics of specified operations i defined operationally, ie, in C++4.

RITA's application banguage depemds on specilications and supports three different
programming styles: simple statements starting with a keyword (b In Basic), operational (i
la C++4) and procedural (i la Paseal).

An application in RITA i translated into C+ +. 1he language supporting object-oriented
programuing (see {3]). The resulting module Is linked with the library prepared by the
system programmer aml is ready to be excented, The RITA translator generates project
files for Borland C++4 project manager and thas supports all the features provided by that
environment (such as built-in oditor, symbolic debugger, linker, project manager ete.).

RITA provides the user with a powerful and ilexible iyping mechanism. Ouly two hasic
types are defined: numbers and strings. There is a structansd data type, called bag, which
in various maodifications implements ranges of nnmbers, dybamic oue-dimensional arrays
of items, ordered sty of keys and tables of items with sorted keys, Farther (ypes can be
introduced by the system progranvner, No new Lypes can be defined by the applieation
programmer. RITA's type-chiecking is strict although more flexible {ype-checking in possi-
ble. The typing mechanism could be extended in thuee ways: intoduction of inheritanee
of types by means of order-sorted algebras, releasing of type-checking by introduction of
untyped items, and support of generic types and operations. Thewe new features involve
some interesting theoretical aspects that will be discussed i more detail,

Introduction of ordering on sorts Jeads 1o searching for a proper operation. There arise
soine problems with this search as follows:
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types T1 < T2 // two sorts, T1 15 subsort of T2
operations

TI+T2->T1 // binary operation +

T2+ T1L=>Tt
declare T1 a, b 1/ declaring wwo objacts ol soit T1

then how o esolve the expressio a 4 57 Tlee aee at beast two way of answering this
question: to forbid the sitnation or 10 eohe the tepes in lexicographical ordering (g
from left 1o right).

The re ave 1wo ways in coping with the sedepse of type-checking, The (ype of an operation
can be rerolvsd dynamically (in rantine) or dynamic binding of 4+ can he enployed.
While the first way needs dispatel taliles te be caeated. e soromd way is more elegant
although & lut of code is generatedl,

Generic types amd operations inereae the power of a language. At the implementation
level they are supported by templates (in O 4) and so it is aseful Lo sipport these at e
specification level as well, Thin again alfechs 1le process of type reolution,

Future work fnchudes fncorporation of the above mentionsd featnres into the langiage.

References:
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TYPE SYSTEMS IN GRAPHS

M. Bened

Ptk a (T Bno, Depte of Compuiner Soivae anad Cnglieeting
Bozetéchova 2, 612 66 Brw

Key words: compilers, graph grammars, semantic models, type chiecking

Cuarrent compiler construction techaiques are at the stage when there is a very good
theoretical basis for the Taplementation of a1 kst the analytical phase of the compilation,
Prablems arfse it the avea of semantic definition and code aptimization and generation. To
lind some uniferm approach it is necessary (o develop ~me computationnl madel that could
he ased botl for the formal description of the langnage semantics and for the specification
of & compiler. The approach that meems 1o e vory promising and that has already been
widely nmul in the area of fncetional langnage=. wuses a graph ax an julemal structure of
Use pragrant medel in the compiler [2]. The graph ¢an be transformed according to some
rewtiting rules that sre mote complex wmul also tore powet ful than linear string granunars
or tenm rewriting systems, The graph approach has several advantages compared with
classic teehnispie - (he most important of them is the possilility of splitting the process
of rewriting into several independent fransfovmations that can e performed by different
PTOCCRSONY,

There are sevoral lnngwages supporting graph transformations and the languages differ
in their definition of a graph aud in their sopport fur wser-friemdly applications,  As for
an examiple of an advanced system we e mention the PROGRES enviroument, based on
a syntax-direcied editor. A1 the Depantment of Computer Scienee and Engineering, TU
Broo, the programming language alean bas boen developed as a ool for exprissing, graph
tewriting mies amd graphs with atizibutes [1]. The fiest serdion of the langnage worked
withont types anel it has proved insofllicient for greater projects. The main disadvantage
of the firm versdon was in o very weak tepe checking that allows the progemmimet to write
inconsistent grammar rules, Jntroduction of types is promising in twa directions: as a too! for
expressing mon: semantics that can be statically checked in compile-time, and for itproving
the graph unification algorithim using type inforsation. When oaly antyped graphs are used,
the unification algorithim hiw to check in om-thoe the compatibility of mntchied subgraphs
and to tey ont all relevant sewriting males. These chocks can Twe partially moved to the
compile-Line as stalie semantic rokes.

The working definition of the giaph is based v moted graphs (absr colled borm grapha)
as grapha with one distinguished node — e ot of the graph [3]. Each node of the graph is
Lroumtl 1o & specific strueture of atiribufe< and aucerssors, Types of attribntes are specificd
uzing some domain types (integers, reals, strings. ¢ie.) and succersor nodes are specified
using tabel (ypes.

I wee want 1o construet a graph. some 1ype compatibility rids shonbd De applied: (ypes
of succcsror nodex should be compatible with 1he type of the original wode. The fype
compaitibility in n very important coneept in typed graphs, becanse it restricts the possible
shapes of graphs that ane allowed 1o be contrueted. In fact, we can distinguish (three Jovels
according to the existence of polymoiphic (ypeat mononrorphic igping, where all types are
monomorphic, muk polymerphic typiug with one distinguished node type that i compatible
with all other node types, and strony polymarphic typing, where each type is compatible
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with some specified group of types. The monomorphic typing is not usable in practice
heeater thope fe0t any powilility (o comamet reearive ade tepes (Bsta, tees, general
graphs). The weak palymorphic typing alons come sorresors to be ol any (ype, o the
type checking is, in Faet, switchiesd off for them mul we me ot able o destriet the allowed
types in any way, So the last lovel creates the opputtnnity to specify stronger or weaker
IRl Tions vu wliy M I

The way how to make gronpe of relatedd node 13pes is to intioduee 3 patinl ordering
among Lype~, The ordering is spectfied s a pelation between a parcit e type and
child 1ypes that gatisfy the following condition: the chibl 1ype inberite all anribntes and
gnccessors of its parent and adels its own attritnnen andfor suecessorn, Startiog point of the
wpe hierarchy s the type Xode representing a clives of wades without any attribmbes and
successors. The strong typing nllows the suceesso af auy node W be of e specilied tepe
or of any of ite dencendant typres,

"The nesw cersion of e alean laoguage (. ionplemented at the Depamtment of Computer
Science and Enginevring, i a slight by nwre powerfisl incaoation of the previous principhes.
This version of tie system is able to work with 1eped geaphs: it comvorts the goaph specilicn-
tion into a binary form amd geneeates & C34 somee for the rewniting cobes, Aller rewriting
the outpnt graph ran I converted hack into the textual form or i can be further processl
applying other st of rewriting qules, The wystem b aippanted with the GRI3 generator
for string-to-graph grammins. alkawing 1o bkl a graple of the parsed linear sonpee corle
according 1o some string-to-graph grammar [3).
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Petri Rets have heen intreduced and nsed as a mudel of pacallel systems. This model
can express and analyze certain aspeets of concurrency and avnchronization of actions,
cansal relatious betwren events and comlitions of paralle systems. However, sometimes time
pelations between events aud time-dependant conditions are pevessary to e imodeled in order
to verify peal systetn behaviour. Perri nets have been extended Lo many types of so called
Timed Petri Nebo, [2L[3] or Modified Potri Nets, 1], with the tiine requirements associated
with cither places or tramsitions, Disadvantages with s introduction of time are found
in the field of verification of the modeled system - analytical methods are ansuitable. only
sitnulation methods are conmmonly used, [1], {2), [3). Tn addition some of the fundamental
propertios of conenrrent systenss such as eventuality and fairness are not possible 1o represent
or to analyre.

Another elags of Petri Net extension tn tho temporal Petei Net (TN in which timing
constraitils are epresenied by the operators of 1emporal logic, (1], (2], (3. Temporal Petri
Nets can dereribe clearly s compactly causal ind temporal velationships between ovents
of a system, itcluding eventuality and Fairess.

A temporal Petri Net (TN) is defined to be a pair TX = (PN, [), where PN is a Petni
net and [ is a fornmda of the langunge L for describing temporal costraints,

The langnage formulae ave Duilt up from atomic propositions:

(p has a token) - abbreviation p is nsed,

(1 is firahle) - ablreviation fok,

(¢ fires) - abbreviation § whewe p and ¢ ate places aud transitions of the Petri Net;
Boolean connectives AND, OR, NOT. = (implication) and

temporal operators O {next). O (lenceforth), ¢ (eventually), U (until).

QP states that propusition # becomes trie i the next state,

OP staten that P cemtinnes 1o be trae o afl fofure states.

O P states that # eventunlly bevomer toue in some Totare state,

PUQ states that P will continue to be true at least until the fimt time when @ becomes
true.

J ean beinteepreted ax a pestriction in the fdng sequences in PN only firing sequences
satisfying S are allowel 10 occur. (eg. Formuln O{f = NOTp) means that a transition
f lires ouly il a place p is Woken-free, and therefore temporal Petr nets can simulate Petri
Neta with inhibitor ares, which hinve the modeling power of a “Turing machine.) For more
details and an exact definition see [1], [2], [4].

Qur aims in the studying of temporal Petri nets (TR} wee the followiog:
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o implesnentation of temporal constraints (formulse f of the language L) a regular ‘TG
grammar and nondetermini<tic fuite machine were bailt, {1:

o inchision of the wmporal tnodel 1o same existing software system for modelive. an-
alyzing and simolating Petri nets - the system Pesim from VI'T Broo was wsed and
extended to inchude temparal relations:

o study of the relationsing Between tine vt s st fadt aied 2euspeomal polee

e study of the possibilities of formal analysis of 1emporal Petri net propertios,

We have arrived at the following conclusions:

Tempornd Petri pets require bolh the semantice of Pete pets ang the semantics of
temporal opurators, However the combining Petri nets and temporal formwtac might he
advatageons: a wet structune is suites] for the wpresentation safeness propertics while live
ness propertics are very difficult to analyze by classical Petrt aed aoalysis smethods. On
the other hand liveness properties can be represented natarafly by temporal forintlae, ‘The
representation of safencss properties by temporal assertion alone can be guite enmbersome.

Petri nets are commonly sserl mostly becanse of their ability to visnally and naturally
expeess parallelism, Most of te banic propettios such i Tiveness, reachability, houndedness
are NP-complete problems. 1But 3 i possible 1o solve them for simple or not ooey compler
Putre nad steveturr s, therefure we tried o siplify the Petid net’s stzoctare by delining tem-
poral relations deseribing Vhis strncture. The tesult wan: i was not porsible to determine a
Petri net structire guabigiously saly by temporal relations It sotetisties the simplifiea-
tion of it iv straigthforwaud. The last conclusion Tor practical wse of & temporal Petri net
5 you must chigose 2 wodel with the rght balance hetween net structnre and temporal
relations with the help of a pood sofiware toul which makes it possible to analyze both
strunetural properties ad temporal propettics.
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De Bruijn and Kaatz (BK) digraphs have Swen studicd recently as promising underlying
fopologics of interconnection networks for massively parallel conypmter architectures since
they formn a family of digraphs with asymptotically the lagest pumber of vertices for a
given degree and diameter and have several graph-theorelical properties that are useful for
derigning inteveonnection networks, Particulatly, thwy enable simple and optimal routing
and broadeasting, have optimal connectivity and Fault-tolerance, and contain cycles and
trevs a subgeaphs,

Howrver, BI <ligraphs are neither vertex syminetrie gor hierarchically recursive, i.e.,
larger-dimneter ftanees do pol contain smaller-diameter instances as subgraphs. This
tnken the desipn of parallel algorithms e them more diflicult.

Given (wy disraphs € and I where the size of 6 s farger than the size of H, a
homomorphism of € oo i i sarjective and arc-preserving mapping of 1he vortex set of
€7 onto verlex sel of 1. A homommphiz ix vettexuniform il enchy vertex of /f is loaded
with e saine umber of veptices of 6 We can similarly define the are-uiformity. A verlox-
amnl are-uniforn hometorphisin i upiform,

IF there i a waiform homomwrphism of & onto /1, & parallel computation ronning on
the larger (7 can be optimally onwlated on the snaller 1. kinee the computation amd com-
wication kend i wniformiy disteibnted among the sesonrces of the smaller network, I G
amd 11 are (didgraphs of the same family. such an emalation enables a larger computation o
be squecaed optimally into o physically smaller pacallel machive with the snme interconnee-
tion topologs. See J1] Tor sime peanfis o uniforn adjarency-preserving mappings of several
popular inteteonneetion networks,

In this paper, we foens on uniform hanomorphizims of RK dipeaphs,

Lt Zy = {0, .o = 1} denote an alphuabed of d leties and 25 = {riez . 2o |
£ € Za) the xet of all deary words on 2y of length w, Lot B{d, D) and K(d, D) denote de
Bruijn and Kautz digraphs, nespectivels with in-degres and out-degree d and diameter D,
Then [3.4]

ViHd D)) = 2P

AMB D) = {{rirresoptyeaprp) | R EER 1 Si€ D41}
VIR DY = {rra. o cap | Vit r € Zupony # 04y}

AMK(d. my= l(.l‘].l'_-. sy, ..J';)-I'[)") IV.‘ P € Zgpaa Ty # J'..H}
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Our results for de Bruiju networks are as follows:

Theorem 1 For crery homomorphiam [ of Bid. D) onfo B(d. D = L), I 2 2, there erists
a binary opcralinon o on 24 such that f can be defined as

Jlryzy...rpl={ryor)rrox)...(rp-1 o)

Lemma 2 Le! ¢ be a binary operation on 3y satizfying ai least one of the following two
properties (B) and (B’):

Ya € 24, the mapping r = a o > is a bijection on 2y, (B)

Ya & Zq, the mapping 1 v 1 0 a is a bijecction on 2y, (B}
Then for any D > 2, homomorphiznt [ of B(d, D) owta B{d, 12 ~ 1) defincd by

JHzxa...xp) =(ryorglryoxy)...(rp-y o rp)

is verter- and arc-wniform,

As a corollary, we get uniform homomorphisines V{(d, D)) onto V{B(d. D—1)) already
krown [rom the literature, for example,

Nilxrz. o rpy = rana e,

Sl ep) = prs o rpog.

falxrrz. .. rp) = (oy dog 2a){d2 $a 1)L (T por by o), where Dy is + modulo o,

Homamorhisms induced by birary operations with Propeity {B) are cspecially impor-
tant for computation-contention optimal and comnwnication-contention free enmlations of
Lree based DEC computations on de Braijn networks (2], However, Property (B) or (17)
are niot &lways necessary lor an operstion © 1o induce p unilorm de Braijn homomerphism.

Thegrem 3 For d non-prime and 1) = 2, there are binarvy opevations o without Property
{B) and {B") inducing a vniform hontomorphism of B{d, ) onto B(d, D —1).

The prool is constructive, For example. for 4 = 4, the nmltiplication table of a binary
operation o constructed by Theorem 3 is as fllows.

oflofji[2]3
[N EERERL
[N EAIERE
29012]2]0
Igrlzy2il

Simitar results hold for Kautz digraphs {see [2] for more details),
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The embedding prablom for parallel compntets i definel as the problem of optimat
mapping of a task graph describing paralle] computation onlo a procecor graph deseribing a
pacallel compater, Quality of an erabiedhling is very often expressed by five parameters, called
crpangion, lond, dilation. cdyge-congestion, and nodi-cougeation (sce [2,3] for definitions).

If a task graplt G and a processor graph # are given and an embedding of G in M is
defined before the computation starts, then we speak abont sfadie or offline embedding.
But very often either the structure or the size of the 1ask graph depends on tle computation
and the embedding changes in the course of the compntation. In this case, we speak about
dynaniic or en-line eabedding.

In many cases, the task graph has a foe stenetuee and the processor graph bas a figper
cube struciure, Since these stractures have different properties, the problein of embedding
trees inlo hypercubes s diflienit in general.

Severa! resuits hive been published during the last few years on dywunic embeddingg
of binary trees tnto hypercnbes, In [2]. o simple rindomized algorithin which embeds an
M-node binary tree inte an N-node hypercube with a dilation Ofloglog ) and with a
load O{{A/A) + 1), with bigh probalility, is presented. In (3], {wo randomized flip-bit
algorithms are dexcribed, The lirst algoritho achieves dilation 1 and, with high probability,
load O((M/N) + log N). The second one achibeves dilation O(1) and, with high prohability,
load O({A/N) + 1) and edge-congention O{(M/N) + 1),

Similarly. ax i [3]. we present, hete, 8 modified Hip-bit algorithm for dynamic embad-
ding hinary trees into hypercubes with dilation 2. We use the Rip-bit and frack snmber, bat
the strategy for cibeddling tree nodes into hypercube nodex is dilferent.

Let @, be an s-dimensional hypercole with A = 2% nodes. Let 7° be a rooted bhinary
tree of size M < N. Each node r of T is assigued its feeel, ), cqual to jts distance from
the rootl (the root itsclf haa level 0). The randomized algorithim proceedn as follows:

The embedding of children of an already embedded tree node r s contwolled by &
random flip-bit. denoted by M(r), It is a random Tunction generatitig a val: - £om {0,1).
Each node z of T at lovel H{r) is assigned a fiack aumber () = (I{rimodire — 1)) + 1.
Assumee that r is an already embedded node of 7 whose children are 1o be dynar eally
embedded, (The algorithm does not specify the order in which the already embedded tree
nades are selected for embidding its chiklren, hence it can be done in parallel}). The children
of z will be embedded ax follows:

29
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iffb(r) = 0 then
{ embed heftchild ofr) (i exists) with dilation 1 inte dimension (f(r) + 1}
eovhdd viht chilid off.rd (il exists) with diletion 2 into dimensions (4(r) + 1] amd i{r); }
else
{ embed left child o} (il rxisi=} with dilation 2 into dimensions (1(r) + 1) and {{r)k;
embad right.child (o) (f exints ) with dilation 1 into dimension {1{.r) + 1)}

Clearly. the dilation of this rapdomized algerithm is 2. 10 3= not diffienlt io prove that the
described algorithm cmindds a complete binary teee of height (= 1) imo optimal hypercube
Q.. with Joad 1, dilation 2. average dilation 15, edge-congestion 2, and node-congestion 4.

For arhiteary M-node binary ttees, we proved that the expected vatue of kead of &
hypercube node is less than or equal to 1 4+ 22U/, The algorithm was implemented and
tested on a variety of binary trees of vavions sparsity, The experiments have shown that Ure
ioad, edge- and node-congestion is O(1) with ligh probability, that the prubability of the
maximun value of cobedding teanures ix very low, and that the distribution of embudding
measures is almost independent of both the dimension of the Iy perculie and the shape of
the tree. See Figane 1 lor saphe results,

We ate curtently in the process of provieg ke cost-measarements. Also. we ate
trying Lo apply s romdomized algorithms fur embnabiing, k-ary 1eeex, » 2 k> 2 into the
n-dimensional hypencube,

Figure 1: Distribution of messures of embedding 510-node binary trees into Qp

References:

[ TVRDIK. I - TRDLICKA, L - OEHRING. S.: Dunmnie trce conbeddings Jar into the
hpperevhe, In CTU WORKSHOPO3, pp. T1 72 Pragne, Jamsary 1993,

2l BHATT.S. N - CAL L Yo Rendom wulbs to grew treen in hgpevenhes, Jonmoal of the
Associntion for Compiiing Machinery. Val, 13, No. 3 pp. 704-761, July 1993,

[ LEWGHTON, F.T. NEWMAN. M. 0, - RANADE, A, . - SCHWABE, E, J.; Dg
watnric e cvdaddings in buiicrflics and hgpe rende s 81AN J. Comput .. Vol 21, No. i,
P GO GG L August 12,

Py



WORKSHOP %5 COMPUTER ART

THE LINDA LANGUAGE
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The parailel andfor distributed programming is basedd o several communication and
synchronization principles. Several mechanisis related to these principlis were developed in
order {o intreduce the principhes into the real programming. "Ilie communnication mechanism
called genrative commaunication (GC) appeared al the Yale University in the middle 80%s, 1t
is hotter knen i tlie Linda Vanguage whick was the first implementation of the mechanism.
It is baseel on o notion of an abstract, glohally sharel, and a process independent data space
called tuple apres (TS). Fuphe s——Lhe data strnctines stored in taple space—consist of one
or mare (yped clements, and thes ane coment addressable {associnlive memory). ‘TS is also
an environment for the parallel execution of processs, Every process has an access to TS,
but tuplez ave nat bowit to processes. Tuple space is & pemistent object.

Six hasie epoerations for handling the ‘I'S and 1uplex were defined in 1), Jn implemen-
tations of $he GC mechanisim (Linda-like syetems) #ix fenctions or proredires perform the
aperations. Howeser, 1he semantics of two of theny was proved to e problematic, so that
only four operations can be generally accepied: placemwent of o tople to T8 — out (), read-
ing a fuple flum 15 — rd€}. reading and reinoving a tuple from TS — in(). and paraliel
evaluation of a fnple with its conseent placoment 1o TS -- eval(),

As stated alwwe, 1he taple space-~the heart of e GC iechanism — ik a global, shared
data space. The G mechanisim says gothing about the implenwatation of ‘I'S. Experimen-
tal implemsentations of a Linda-like sesteim can tise ouly one computer to simulate parallel
cooperation of many proceses: owever. moree than one processor should be ronsidersd to
take advantage of their joint power — the main argianent for building any parallel program-
ming leol. Unlike what one conld expect. the majotity of Linda-like systems is implemoented
in a distributed environment. e, inan envicomment with maltiple interconmeted processors
but with no physically shared moemory. The main weasons ape certain (echnical problems
of the multiproccsvr systens with shaned memory, and the cost of sucl systems oo, We
have chasen the ready 1o use ad cheap environment of several workstarvions interconnected
by the local area network (LAN), The main goal i to inake the distibuted envirouient
transparent for all Linda operations, and the main problem is how o do it efficiently.

The simple Linda-like system was implenentald on workstations ranming the Unix op-
crating systenn. It is based on cooperation of the s-called 75 sercern that minage their
lacal, disjoint parts of ‘I8, The Nuwmc 2errer is a central anthority that makes decisions
where a tuplt is to be placed. and that coordinntes IS servers. The Kelinble message pass-
ng syofent (RMDP) war developed on the top of TCP/IP profocol saite {1). The motivation
was 10 adapt the well known set of communication prolocols for efficint nse in real-time
conditions, 1L is possible 1o write simple Linda applications in the C language. Nowever,
the way how the application lins to be writlen ks very experimental (not user frieudly). and
the applications weie built mainly to test the commmuieation sebsystem. The applications
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helped us ta prove that the communication i a very important part of the Linda-like system
Jinplementation. The MM standand Is stadiedd now 1o he ured for sext implenusat e ax
a communicalion haxis,

In the theoprtioat part of anr research we are searcling for a farmal mode! that conkl
be used far antform description of the conmmondy urasd primitives loc interprocess comuumi-
cation, process synchironizalion, and data sharing,

The interaction prinl was defined as e hasie intecaction object. The simple interaction
primitives are e that can be moedellad by a singhe futeraction point, These include primi-
tives such an shar] varinhle, semaphote, monitor, asynclitonous channel. and asyichronous
mailbox. Similinly. cumpond imteraction prisitives are these that can be pdelled by
using two or more interaction points. This class includes synchronous channel, syachronony
majlbox, renote procedsire eall. remdezvons, and barries synchronization.  An interesting
conclusion is Uial the hierarchy of both sitaple and componnd primitives gives a lattice
diagram. Some of the results were published in [2).

Another direction of the theoretival wsearch is based on the experionee that the orig-
inal QC wecharism ix not suitable for solving all problems. Having very niee features lor
the building of some <t of applications. e original GC mechanism ncks other propet-
ties. The Fact that waples can bee accessed only asociatively makis the ipplementation of
some algorithms inellicient. The proldem of iiplementation of the graph stmctnes nd
algarithms berd to a propesal of the extension of the GC mechanism (3] that is based on the
wnigue ientification of cach tuple. New operations allow dinel aceess 10 unigquely ideati-
fied Luplen via the moechanisin that resebbox e arey poinfoes, The proposed extension
transparent (u the ariginad opeitions. Featines of the oxtension are sxpocted Lo Twe uselul
also for uilding applications thal must work independently i one fuple space withou! any
interference. Development of the extension goes on,

We were suceesslnb in establishing collaboration wiih the Aalborg University in Den-
mark, the birthplace of AUC CadLimln implenemation of the Linda-like system on the
Tramsputer network, It is expected thiat the collaboration will boost oor implementation
activities and that 1he expetienes (hus garinea will prove helplul for both parties concerinsl,
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Developing paratlel code iz an effective aed economical way 1o create high performance
computer software, It mast cases, in order to achieve maximwn performance, programs
st respeet the particular hardware platform and wse hardware dependent routines. Con-
sequently. the code dilfers T mackine to machine.  Morcover, most cnrrently available
software, which lias been developed for single pocessor machines, is virtually useless be-
cauze it clfeetive implementation for a parallel machine is diflicnlt. Usually, the software
wonld have to be completely 1eweitten in order 1o 1ake full advantage of mote processors,

Parallel code can alvo be schieved by leaving the burden of program parallelization to
the compiler. The softwate created in this way is vsunlly less effective, but it is well balaneed
by 1he savings during software developinent,

The main concert of this contribution is the specification of program structures suitable
for parallelization by the compiler am! methods &3 10 how it can be achieved, The two types
of parallelization are dealt with, Vectorization of code for SIMD machines and paralleliza-
tion for MIMD machines are discassel,  Individuat statements and program sections are
soparately investigated.

Tiee simplest case is the paraliel excention statements for copying ot filling segments
of memory.  Parallelization of aritlonctic and logic expressions significantly improve the
code speed of large wameric computations.  Algorithms for the parallel optimization of
thene expressions reduce the computational tree by taking advantage of comulativity and
associalivity,

Simultageous processing of more program statements in parallel vseally gives better
performance than sequentin] processing of individual progiam statements. each of them
treated in paeallel. Program statemenis are split in program sections. A special case of
these sections ix finear program scetions which inchiwde only assignment statements,

The parallelization of linear progran sections consists of two main parts, namely data
tependent analysis and schedaling of CUPU instrnctions that can be exeeated simullancously.
This contribution deals with data dependence analysisx only,

Threv categories of data depeadencs ate iitlloodues) for two statements S and T, where
S precedes Tin forward flow sequential program execotion [6). The first is dafa dependence
of T on S where there exists a simple vadable ¢ such that § assigns valne to vand T
fetches 1he value of v ‘The secomd is andidependinee of T on 8, where there exists a simple
variable ¢ such (hat T nssigns vabue 1o #and S Getches the value of n Aud, lastly, enlput
dependenr of T on 5, where there existy o simple variable e such that both S and T assign
value to r “The construction of the data dependence graph is described, and the inlluence
of deprnelencies to parallelization is investigated, The rariablc renamming method is used for
removing outpng dependencies and antidepetudencies.,
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Inseition of gofe ctatement, conditional atement or <witely into lincar program see-
tionk deals with significant modifications of the dasa dependence geal. The possibility of
parallelization in that eae ix diseursed o this conteibativn,

Progian b e ezt Boneet et abdeets T sapliedistion The saine progcam
statepients are repeated many times, 16 all these iterations are schesdndid in paraliel, the
execntion time drops 1o the time aecessary for one fteration onby. The space of all iter-
ations of a loop is similer to that of the linear program section. The depenbetiee graph
is extended ondy by dependencics between different itortions, and it i« constructed using
methods imilar 1o those for finear program sections,

"The acalur variable. used in tine foop bds. invokes dependencies between all iterations,
These dependencies can ofien he removed 1w sealar cepnnsinn. Sealar expansion substitutes
all ocotrences of the sealar variable with the veetor variable (artay) of the sanw name,
indexed by ammber of iteration,

The scheduling of stateinent ocemetiees in a loop itetation on MEMD machines is the
same ag e scheduling of statements of linear progriom scetions, Specifie methods are used
for vector aptimization on SIMD mackines, Onty the single uested loogs can 1w transformed
into vector instraetions. This means that only the innernust loop nest ean e vectorized,
The fnop destrdmbion is assd 10 extract singhe nestes] loops from 4 altiple nestedd Toop, Tl
statements fronn m outer loop are separited from an inner Toop and separately veclorized,
The loop interehange nuthod changes the isnerpast Joop 1o aciieve inaxiomm performanee
of the vectorized kmy.

Multiple nested Joops with index expressions invoke more complicated dependenee
graphn,  The aedhods, deserilasd above, tave rsailicient power 10 veelorize such loops,
Pependence anifermization (2] can he wied to trnsform sicl Josps bite veclor instrictions.
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The research deseribed in this short communication has been oriented to application
hased parallel compnting in the arcas of artificial neural networks, dynamic systemn simuln-
tion and physical design of computers. Even though the tenting of some algorithms staried
on sequential machines, porting them (o paraliel system has been or is being done. Al
pregent teansputers are the only existing computing platform for affordable parallel com-
puting aud fin ernbedded o 1eak Gieee applications which we me interested in. Algorithmes
are being implemented on a network of wp 1o 7 iranspigters with application-specific topolo-
gics. The goal is to fnd the architecturs and algorithms with minimum commuaication
averhead, suflicient apeed-up and sralability.

Before any effort in parallel computing actually sarted. we had tried to wnderstand and
classify parallel algoritlhn suitable for mexsage-passing architectures generally [1]. This
study helped ns W paralielie efficiently several ANN pacadigms: MLEP (a2 multi-layered
pereeptron), GNN {cellndar NN) aned Hopleld nets. The firt MLP algorithw for forward
aperation has alicady beew implemented in Oceam laugnage [2] with a good speed-up and
scalability for large NN, There is stil] o roun for improvement of the processing speed,
which is yet 10 be explotel. The work on UNX ad Hoplield nets is being carried on.
Parallelization of a learning phase of MLP is also under consideration, even though this is
not of primary importatce in real time applications,

Yet anather NN paradigin, Sparse Distributed Memary - SIXM, has been anelysed to
agres its propertice {8]. Mathematical formulas have heen found for setting up optimal
paramneters of this NN. The theoretical renlts have been tested ot a program modde] {using
512 bit- wide address mud data buses). However, its parallel implementation is not feasible
due 10 a lacge operating nemory required in this model.

In the aren of dynamical aystem sinmlation a modern Taylor series method is being
parallelized for 1ransputers [344]. To ease this task a TRSL/TRANSP longuage hax been
developed which unes block description and diagrams known from analegue romputing toch-
nique. Occam procedures aicated for imlividual analogne units commmmicate matually over
Occamn channels. The languape TRSLITRAKSP accepts Jimulation tasks in a form of a
taxtual description of the given analogue net and «anpiles U inte Occamy programs,
so that no debuggs,s of Qeram programs i tequined. Placement of analogue elements on
transpulers cffect 1 communicativ., wverhead. Tlerefore s optimizing Lool for automatic
placement is plamied. which would minimize the amount of communication.

The TRSLITRANSE and the related TRSL/ORCAD Janguages have been on exhi-
bitions during international conferences [4] and [5]. Some diflicatt simulation problems in
the arca of stiff systems [6] and hyperbolic partial differential equations [7),{9] have been
addressed and a sequential solution (rinning in TRSL/386 enviconmwent) i9 now ready lor
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parallel implementation as well, During this investigation the original hypothesdis about
resulting crrors being aliost oxclusively eanssd by converting PDE into ODEs and not by
the Taylor series Integration method itsell. Lo heen proved,

Finally genetic afgorithms (GA) have bren nsed in the ara of deigh automation,
namely for the scarch of an optimnal tapping from the elentents of the logic diagram (repre-
gented by the nodes of o hypetgiaphj into o regular sl od positions { 2 1 array). Within
a diploma project a program PGPLACE in C+4 with a user-friendly interface has been
developed [10], which ennbles n wide claus of experiments via interactive memn for selling
main parameters of genetic optimization. Extending this tool for parallel implamentation of
GA on a given specific transputer uctwork { a fanin} will he explored in the following phase
of research.
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One of the mast important proldenis of combinatorial optimization is the Steincr free
problem. Although the Steine r tree problem belongs to the class of NP-complete problems,
it coukd he solved for realistic graphs ou nmltiprocesor compnters in a reasonable time, The
algorithm descrihed hellow gives theoretical background for implementation of an algorithm
for solving the Shivee free problem on a Trruspuler welwork.

Transpuier nebworks consint of Tinuspulers, Lo, processors baving own RAM memory
and own programs connected by a swhiching device, The switching device is usualy not
reconfigurable during the time of computation. Existing networks are compasedd feoin 32 to
10214 Transpaters.

The formulation of the Steind r free problem is as follows, Let G = (V. E) be a comiected
undirected graph with edge cost function cost 1 E — f* defined for each edge (+, y) from
E. Let 1t be a subeet of V', A Steiner tree T = (¥, Ey) for # € V is a subtree of € that
conlains ali vertices of R, i.e. R € 17, Our goal is to find a Sfeiner free for / with minimal
total cost, j.c.:

MINIMIZE (Cmil('l') = Z cost{r.¥) )
(ruekr

The Steiner ire problem ia a direct transtation of the routing problem for a single multi-
terminal net into the context of graphs, The figure on the uext page shows an undivected
graph an its minimum Steiner tree T lor B = (A B.C}.

For solving the Siciuer frec problem there exist a number of algorithuns. For ohvious
reasons, only approximate algorithms are of practical interext. However, all reported algo-
vithms [1] have two mjor disadvantages: the computation time iu ratiwe high andfor the
quality of results iy rather poor.

We propose a new algorithm suitable for solving the Steiner free problem with input
data reflecting the bovnds of Lypical routing problewms from integrated cirenit design. The
routing algorithm consists of finding a Steiner free of a graph with || 3 100, The algorithm
is proposcd to run on a Trasspaler nnlticotputer with # > 10 processors in reconfigurable
interconnection 1opology.

"The principal {and the most time consuming step) of the propused algorithm will cons-
pute the aum of costs of shortest paths p{r,u),u € R for some vertices £ from V. i.e.

W)=Y cost{pr,u))

uEN

Obviously, the function &(r) may be computed in parallel.
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Fig. s Stciner frce ina geaph, K = {A.B,C},
T=(VrEp) = (V. [AD. DE.EF.FC.EG.CH.UBY) Vo = {D.F,G. 1T}
MDY =3, h(F) =8, MG) =5. i) =0, K = {{A, D}, B.C}

The values of %(r) of a processed graph may represent a landscape with valleys and hills.
A Steiner trec can Le compuied as a tree connecting all weuired vertices of calfeys with
maximal depth. Notice that the vertex with the minimal value of A(r} s always & part of
a minimum Steiner Lree if (H] < 3.

Let 15 C ¥V denote the set of neighbours of i in G (sce figure). Let us assumic that the
values of h(z) are known for each x € ¥z, The proposed algorithn proceeds as follows:

e a vorlex © € 1 having mivimal value of A{r) Is identified {scc fignre); notice that at
feast one of the vertices from 1) must belong 1o e minimom Stemer tree

o the vertex r together with its neighbours {uy, ny,..] from R is taken as o vertex in
a modified graph & {coupling, sec figure); in fact it means that a part ¥ of resulting
Steiner free hias been generated, in our example T = ({4, D), {AD))

» the set R is modified 10 a set T where [') € | R} {see Hgure),

The whele process is repeated until {87 = L
The time complexity of the proposed algorithm is Of]V']?) provided that a sufficient
niumber of processors is available.
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This comttilstion presents principles of the (astor programmiing environment that was
dewigned to support programming of distrilated applications. ‘The rims of the design were:
the simple structure and s impletnentation and the fexibility required for educational use,

Introduction, Progrannving of distribnted applications is a complicated task. Two
main sonrces of diffienlty ate the implicit complexity of distributed computation and the
general bk of Wigh fovel fmplementation teols, The peactice i freguently based on com-
mnieation (message passiog) aod thread 1ibracies that smst be wasd vory carelully, As an
example we can present the TUPAP and the Lightweight Process libraries for UNIX {and
Sun0S) enviromment. Any sapport tool 1hat further lowers 1he implemetation complexity
is useful, Procedural conmmmication tools (RIPC, rendez-vous) are commonly aceepled as
a solufion to the proldem. Procedural mechanizm reflerts the asynuvetry of a distributed
application that consizts of client and server entities.

A typical client-server implementation tool (RIPC gemerator) permits to define a cient-
server interface as nosvt of ocedures that are eaffed by a elient and performed by a reniote
server, The ondpants of the tool are: a client stub that transforms a client’s call and its
parameters into & messige and & server stub that aceepts mexsnges and transforms Lhem
into sprver procedure calls, The programmer joins the gonetated stebs with a client process
(A the elient’s gide) amd with seever procedimes (at the server side).  The San05 RPC
generator, 1he DCYE eovironment and the OMG CORBA Reguest Broker are examples of
this approach.

Symmetrical Procedural Interfnee. The indierent disadvantage of stub generators
i theie excesstive orientation to the asymmerieal elicol-server schema, Applications that
require a more complicater] interaction among distiibmed components can searcely profit
from their use and generally ase Jower lovel message passing,  However, the substitution
of message passing by procedural mechanism can be even more important hera than in a
gitnplo clicnt-sorver case,

Symmuctrical procedural interfaces were stdied in the framework of the Castor pro.
gramming, environment. Chstor is bised on the exeention model that can be classificd as
A Passive-Ohject Madel, Pasive objects form an envirenment for concwrrently nimning
threads. Any thread can pass objeet bowdary by ealling a method in another vhject, The
execution of cach thiead can be viewed as a seruence of fragments exeeated in different ob-
Jeets, The approsch can D applied even when ohjects are distributed over the architeeture
and share o phy<ieal memory space, Pasedve objects can be characterizod as persistent ones,
they preserye their states between entries of active threads. More threads can rim inside one
object at the sume time, their synchronization has to he done by internal synchronization
tools, senaplhores and conditional guarded sections.

The synunetzical RPC stub har the following form in Uastor:
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Rpe clngs cname

public:
[virtual] riype nteame { pmanictens )
R R 1

aas

}

The prefix Rpe of 1he class keywond declares the previons construction as a =templase” for
the stub,

The implementation schieane based on the Frout-end of & (44 compiler was inspired by
the pC4 + system {1 The front-end converts the previens consimction inta the appropriate
definition of the stub class. Eacli methd declared within the Rpe constiructiun has 1w
correspending connterpart in the stub (virtual or abstract neethed).

The connection etween one of the ende of the (Tempty™) stub and the object that
inherits it is done by overriding virteal fonctions,  Object-sperific deflinitions of the siub
code can be dilferent at different encld of the stab.

Asynchronous inveeation. As standard procedural interfaces are synchronous, con-
current RI'C invocation peguites to divide divnt eaeomion into soveral vonearient theids,
Such a forking can he hidden by asynclnonoas fnvoration of an RPC. Asenchronous RIFC
differs from the synchiomos one u the inteface, its specifieation is prefised by the asyne
keyword.

Asyucluonous RP'C invoration can be viewed as an atomic forin of procedural commu-
nication. More complicated compurication stenctores (e,g. 3 standaed and aymnetrica
stub) can be condpucted fiom asynelwonons R asing theead synchrontzation,  This
strategy resnlts in simple procedural commumication tools pselul even for programming of
microcontrollers on lickdlnses.

Referonces:

[t} BUHR, . AL - STROOBOSCHER. R, A g0+ + Aunotated Beferencr Mannal, Ver-
sion 34,1, 1992,

12} JANECER. L: Poocedmal Comuranication Support for Symmetvical Distributed Ap-
plications. Procedings of the SDRE Watkshop, Prague 1991 IEEE Press 15901,

Thie tvsctiredt has been eomducted af the Departincit of Computor Seiciec ax part of the
reacarch project “Distributed Systerus wnd Compuier Netwarks: Dievlopment of Technolayy
and Support of Edweation™ and has becn supported by the grmt KXo, W02/93/0906 of the
Czeeh (irant Ageney,
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MONITORING AND ANALYSING
THE NETWORK TRAFFIC
UNDER THE UNIX
OPERATING SYSTEM

P. Zeménck

CTU, Far. of Flectrical Eng., Dept. of Computer Science
Rarove namsti 13, 121 35 Praka 2
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ing

The workdwide intensive applicstion of computer networking has pushed lorward th
development of witware tools for monitoring aud analysing of data transmitted on compui -
networks, UNIX. the most popular mnltinse ad pultitasking computer operating system,
las integrated many weeful networking touds, but the Jow level network monitoring is not
poeeiible i standard UNEIY envirorimen.

Most of the UNEN based networks are comnmected by Ethernet, originally developed
by Xerox company.  Eterye? soon beeame woldwide standard and it has heen specified
by HEEE 8023 stamcdand, The well knesn fwily of 7CP/IP communication protocols was
developed 1o setve as a baric communication tool in netwoiks connecting computers running
UNIN and these protocals are now {he most frequently nsed means of communication for
data transmission on the Nehwark and Dute Transmiszion layer of the 1S0/0S8! protocol
mudel. The elata flow in the network salmysiom s shows in the figure on the next page.

There are serious reasons for network traflic monitming and analysis. The first is
the efliciency of network traffic (especially routing). The experimental data from traflic
monitoring can provide s with moie valuable information for rouling optimization than
theerelical formulae are able,

The worldwide computer intercopnection into wide arca networks hias faced new prob-
lems in romputer seeurity, Using compater netwark traflic monitoring we are able discover
data misanse,

The development of application software running in the network environment. could
he mncde mure eflicient when based on the knowledge of the real data teanslerred on the
network,

A software for efliciemt network analysis is developed in the Department of Computers,
The package is written in the €* progrmaneing language which guarantees portability among
various version of the UNIY operating system,

The collection of the raw network data (packets) is ganpled from the network adapter
device dviver included in the Gile system of UNLY (eg. fdee/pf - packet Glter in the .8 BSD
ENIN ) The packet How on the network could be analysed oweline o conld be tedirected Lo
a Bl for frther processing, For seentity roasons. only the system administrator is allowed
ta tun the program [or analysis of all network data.

On the Netwark-inte rface layer of the 150/081 maded, the program provides the user
with the information abont e sending and recviving addrewes, The supported lormats

il



WORKSHOP 95 COMPUTER ART

of the frames on the mentioned levels ave LN (DEC, lnted and Xerx), FINN (Fibre
Distribuled Data Interface) and IEER s02,.0.

On the Network lager, the program interpeets the data sem by IR {Address Reo-
lution Protocol}. R8P {Reverie Addrese Resolution Fiotocul) and 12 (Internet Protocol)
protocola, on the Trossport Jager we have 1CME {Internet Control Masage Protocol), TCP
Transmission Control Protocnl) and LM (Bar Datagram i,

Socket Layer

Transport Layer

R

Nelwork Layer

sofiware
mlerrupt ..

Ketwork-lnlerfuce Layer

TR { 17 { v { oata |
Fdnvu.-q
mlerrupt

ETIERNET

Fig, b Layvers of the 189/051 protocols in ['VEN based network

The amount of data transmitted through the aetwork could 1w huge.  For efficient
procesing of this data we ueed to annlyse only the valuable data. To achieve 1his goal,
the data flowing on the network is filtered and only tie data satisfying specified conditions
are piped for further pracessing, The conditions are given in a text file and processed by
a sinple compiler. 'The specifind conlitions conld form a logical expression descrilid by
context-lree granumar.

The above deseribed monitoring and analysing sofiware was divebaped on VAX $1/230
compuler eunning Uliriz, a derivate of BSD .3 PNIX operating system.

References:
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The Design and haploncutation of the BSD 4.3 UNIN Oporating System. Reading,
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DIAL-UP IP ROUTER

J. Kaipar, P, Tiima

CTU, Facnlty of Electrical Engineering, Dept. of Computer Science
Iharlove nain. 13, 121 35 Praha 2

Key wards: [P connectivity, ARP somier, 5111

This comtribution provides ann overview of a dinl-up [P router solution based on PC
technology. The tonter was develaped as a student dipioma project at the Department of
Coampnter Scienee,

Background. (onnecting home personal computers o global Tuternct network has
become a very ot topic after snccessful establishiment of the internet infrastructure in our
country. A lod of naees Wl eoss interiet ~ervices liom aaiversity or conpany local area
networks would like to ase them Done their home computers, too.  Traditional solution
bagedd o TININ-box torminal line with terminal enwiation on PC is nol appropriate for
clientserver applications with graphical interfaces,  Using intermet protocol allows to run
the same intornel progeams on home PC and on PC i your office. An X-window emulator
makes a real workstation from a howe PC giving it access to many X-based applications
running sotnewhere else in the network, Al $these sophisticated applications are based on
TCP/E protocol suite and that is why it i so inportant to extend internet lrom office all
the way to the home computer. ‘The main afe of this wotk wax Lo solve this problem with
special respect for poor telephone ketvices in our big {owns.

How doces dinl-up 1P work? Dialup [[* ix a service provided by a server Lo clients.,
A server s comreeted to the catpus local aren network and allows to reach it by clicats
using one of more atiached phone lines. A client op the PC uses an [P address dedicaled Lo
LAN altlhosigh it is not directly commectedl to it, From the point of view of other computers
connected to the same Ftheret segiiond a PO with its own [P addross shiares the zerver’s
Ethernet addiess. The ronter responds to ARP {Addrens Resolution Protocel) request
contnining an 1P addeess of any conmected SLIP elieat, This techniquoe is called Proxy-ARP
rvonting, Establishing a connection between a dial-np client and a server consists of severa]
phasea:

A Tome cotputer comects to the server located in the office using modem and switched
phone line, Afller negotiation of transfor speed hetween modems the data link is estab-
lishedd anek character hased commmmication can start.

2. The calling 1"CC intiodiees itself by nsername 2 prssword,
. The server verition them aned ¢hooges transier ode 1o SLE? (Serial Line Internet Pro-
tocal) pickes mode when butl parameters are correct, In the other enge the connection

is relused,

4o The server assigos a U addres 16 the PC ron a pool of teserved 1P addresses amd
slarts ronting 11* packets designated for this address.
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5 After Ene mnde switehineg an arhitrary internet applications can sttt sending and
recciveing 1P packets.  Assigning of an 11* addiens is provided by standad protocol

BOOTP (Boot Protocol).

Exception Handling, If the telephene or modim conpection fails for any reason, the
client will ury 1o re-establish it by calfing another phone niuber operated by the server. If
it succeeds, \he server will assign the 1P addross ased last time to the client, and will only
change routing information to the new line. Then the user application on PC will continue
afler re-establishing conneetion without any loose of iplormation.

Implementation. Sofiware solution of described dinl-up seevice consists of a SLIP
packet driver, dial manager and TCU/IP application onr a clicat side. and an Fihernet
driver, one ot more instances of SLIP driver. and Proxy-ARD ronter on the seever side,

The SLIP packet driver is ased by bath chient amd server, Some new foaturex have been
added, The first one is a new program interface nsed 10 deliver moden stalus events to Uhe
application. Both server and elient nod it for thnely reaction en modem events, which could
not take effect properly with a standanl SLIP packet driver, ‘The serond enbancement allows
to run TCPSIP clients, which can operate auly on top of an Ethernet packet deiver, The
SLIP driver einmlates ART (Address Resolntion Protocol) weed in 1P to Ethernet addiess
translating and from the point of view of I'C1/I1? application the SELE ddriver looks like an
Ethernet driver.

In a PC clirnt, an TCP/IP application is connectesl to a standard pac ket interface of the
SLIP driver. Dial manager, which keeps modem connection on, revides alve as the TCP/IP
application on top of the SLIP driver, but it is linked to the new modewn control interface.

In dinkup 1P server, an Proxy-ARI® Ronter funs on tap of the Ethernct driver, and
one or wore instances of the SLIP dviver, During the starl phase the ronter initializes all
connerted modems aund liaving read the list of anthorized users it awails jor establishing the
modem cotmection. When such one ajyears, the server expects a correet user awthentication,
If wser is permitted to uxe the dial-np sorvice, the zerver will assign an 11? addresss to it,
will set the appraopriated routing information amil will switeh the line 1o packet mode.

Conclusion. Two-modlem configaration of the dial-up serveris jist now in the ficld-test
operation. Performance of two-modean model Is atkequate, 1esting of four or mote modem
version is prepared and will he realized when additional phone lines aud nwodens will be
available.

This rescarch has bien conductd al the Departinent of Compater Scicnee as part of the
research projeet *Distributed Sy=tems and Compuler Nebworka: Development of Technology
and Supporl of Education™ und has been aupporfed by the grant No, 102/03/0006 of the
C:ech Grant Agency.
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STEPWISE DEVELOPMENT
USING VDM
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There are twn known stepwise refinement methods - functional decomposition and
data refinement.  Present CASE systems usually support ouly functional decomposition.
The data moded i developed sepurately and nsually there is ot a tool for corresponding
parallel duta refine ment. All funetions are assumed 1o miifise common data 1ypes specified
by e data modol

A common CASE techuique for functional decomposition ate Data Flow Diagrams
(DFD}. A DFD hierarchy is not a weal specification #t geflects syntaclic aspects only.
Upper Tevel funclions are not spegificd completely - inpmt and output data flows merely
indicate signitune of these functions. Ondy the Jeaves of the DD hierarchy define the
semantics of the lowest level functions by so called minisprcifications,

It meanx that the designer cannot divide his job into succending seps, which can
be verified with respect 1o cach othet. i the process of stepwise refinenient, every step
(including the Bral one) constitutes & complete speeification of the problem. Later steps
are refinements of the previous ones, they use wore complicated data 1ypes. e details of
which are hidden on upper levels, Whenever such an alstraction is deseriled formally, the
verification belween pefinement steps is made possible.

An annlogy to this process in the realin of CASE systems seems to be versions devel-
opment. Eacl version is & complete specification, but the later one is more detailed, If the
DFD tecnique s to be used for deneription of a spevified aletract data type (ADT) the
data flows have lo oxpress arguiment 1ypes only, Date stores anmmmarise Uhe shate of a sys-
tem. Functions need not be conuected direetly on the DED - an throngh data stores only.
Function dependency has to be described by a lower fevel DFD or by a minispecification.

In this way, an aburact data type can lwe expressed by a constrained DFD. Each
primitive process of a DD describes the signature of a function. The meaniug of n function
can he defined by a well-formed fornmla over used data type signatures or by a precondition-
postcondition pair. In such a case primitive processes have no side effects. Side offects are
indicated ou the DFD by flows connccted 10 datn stores, input data flows can have the
meaning of insertions or updates of data, output flows symbolise select or delete operationa.
The renl meaning is not exactly expressed by a DFD Bt by & minispectfication,

Let us imagine an example of Time-table Creation Support System (TCS3). In the early
stage of the analysis {1ie wser noeds to print the time-table ordend by groups, 1 seems to be
clear that 'T'CSS has to hold the data about time-tables, .. in a data store TIAME-TABLE.
This atore can contain & set of time-1able itoms, Bach tine-table item is represented by the
Stupple:

<roont, day, honr, course, groups> , i.c.

TimeTable = Hoom ¢ Day & {four & Course ¢! Group

State = TuneTable
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TCSS has fo sapport a fimction Prim €3 iverion 1), the <ignature of which can e ghven
by a DFD. The vesudis of Print G are timedabls ondered by groups, An sppopriate model
can be a mapping:

::‘“-;3-'!';“\‘0- - (:u\"‘n “:"\‘ CHiwer = ottt Roean
This mapping can be extracted fiom a geneval tme-table by a funetion Ttall specified
hellow or alternatively ToG can be expresed winhe the help of the inverse mapping GroT;

TtoG : Tin'lable — GroupTable

TtoCi{t} « [<gronpdayhour>— <conrseroom> | <roomalaywonrconmngronp>€ 1]

ol ; GroupFable — TimeTable

GloT(g) & <roomuaday.honrconrsegronps | glgionpdayv.honr) = <cowrseroom>
The function PrimtG then can be rigotously specificd by the following formala, where
GroupOK is a time-table correctiens clwek (nol dufined fwgeafter);

Primt G : State s [GroupTable]

[GronpTable) = GrompTable v | 1}

POST-Print G{st.gth) < i GronpOKR(st) then (gl = T1oG(st)) el gih = 1
On the more defailed level of TCSS analysis it was discovered that time-tables {roported
by PrintC) have to be distributed w depitments, Therefore, TOSS har 10 support a2 new
versiow of the Print G fune ten, o eallel it GT (version ) The ol of Print (G are
time-taliles socted by sticams and completial by text explanations associoled to sireams, A
gtream ix o wd of groups, that belung to the same department. An appropriate model of 4
stream, an explanation, aul a stream table can e as follows:

Stream = Streamll) — (Groap)eset

Explanation = Steamd = Text

Stream’lable = (GionpTable ¢ Text onet
The state of TCES has 1o he enhanead Ly dala stores for streams aid explasationas:

State’ = Time'Fable o Stream . Explanation
The new version of Primt G specification can e specified by the following fermda:

Prints : State’ ¢ Streamil) = GronpTable

PRE-PrintS{ <tthstexp>sid) < GronpCOR ()}

POST-PrintS( <tbstrexp>silgth) & ath = TroGHith | ubbestr{sid)})

Print (1" @ S1ate’ — StreamTable

Print((<ithatresp>) & { <PrimS{<ithsirexp>.sid)exp(sid)> | sid € dom str }
One advautage that Gramal specification yickls is a gossibilily to verify the cotreelness of
versioux with respeet 1 cach other, Lo

¥ x € State’, ¥ € Stream’Table . POST-Print(3(x.y) = POST-Pim G{o{x)3(x)) .
where e and i we suitable conversions,
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DESIGN OF INFORMATION
SUBSYSTEM FOR THE VUT BRNO
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The dexign proposes 10 crente a modern information system (15) that will be integrated
inte the global wniversity information system. As a resnlt of the system fplenwentation
the antomatml processing of scicutific rexearch activities as well ax refated activities in the
edducation and wanagement felds should be achioved. There is no such system presently in
operation al the T of Heno. Twoe main objortives of the project have bevn speeified based
on the project an fysis. The fist olijortive is 1o design a glolial information system that
will facilitate quicl, and sser-Triendly procesding of a mixture of sciemtific research, arts and
education rdated data. Tl second objective e to implement part of the dexigned system
using the present computer network cesonrees 1t the I Brao,

The design of an awlomated informntion syt m dutabnes of scicntific vescarch and arls
refated activitiea (A13 DSRA) is based on an open UXIX operating system platforny, This
open tlti-urer operating system with an integeated seurity system giving acces rdghts 1o
individunl users will opable:

o preventing data duplication within the university 18

» facilitating compatibility with it plapsed eniverity cconomic information system
{EKONFIS that is to subsitule the present system of processing imman resources,
wages il accounting) andfor convertibility 1o/fram othier iniversity IS snhsystems
el partly with systenss owtside the aniversity {eg, oatputs for the Ministry of Edu-
ration).

& data eotry al the place of their erigin {mininizing the (rmsfer of paper dociaents)

& to maintain system security amd respeet e eonficlential nature of enterl data.

During the devign of the esseatinl (snbstantial} mudel and the wser implementation
model of AIS DSRA the Yourdon structured mcthod (YSM) proved to be the most ap-
propriate, Based on an analysis the fullowing specilications have heen determined that the
system will have (o meet:

A) fo colleet the emploger pocsanal data dinetly from ERQXFIS and 1o complement it
with the Jollawing items, so far not stored it e employre database:

= contact nddresy {including teleplowe, fax atd E-mail}
= specialization, orientation
= individual scientific research projects.
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B} Based on activity types the aysiem shonld contain the following modufea:

VVUUL fosearch, soccnee, aets and deehnology devddopment progpeets
VYU, Publishing. free ari. calalogne vepriosenlation.

VVUL. Conferrinee aclivitea, confirence and url workshope atie ndauce
MV Patei vaglirs wondd anceudldn o

VVUS. Home and international rintions

VUG, Other artivitios

VVUT. Edecation and porsonal declopment

VVUS. Scirntific and feacher digree amards

VYVUQ. Information, conrdination, minagement amd sivaligic activilics,

The 13717 subsgate e has heen selecied Jor the implementation of part of ALS DSRA
in the TU Bro computer network, The sulsystem will be ereated using a 4G Progress
language with a relational database mavagensnt system. The planned aniversity reonomic
information system that the designed system will coopeeate with should operate in the same
environment.

Formally. the dexign wwes graphic representation rather than won! deseription. The
graphic represeatation of the ghobal nforast o system dedpn (in complinnee with YSA) i
clearly arranged and cary 1o rend. Data fow diagrams (DFD diagiams o frunetion models)
have heen wsed Tor the global design of ARS DSRA mind dotailed design of VUL DEFD
charts are accompanied by explanatory notes and lists of itene from the most impuortant
fileg, "The draft version containing the (wo proposals was submittel Lo the viee-deans for
science, research and artw of the jwlivicdual faerlties for comments. There have been no
serions objections or commmas,

AL priment the designed VYL s to be implenwented. A dlatabase for revording the
TU employee projeet activities {eg. VYU will e created. During 1995 the data will
be collected aml enter the databuse stage by stage atd progeam applications related to the
project tiodule will b desigued. The work B planned 10 be completed in a suinber of stages,
The users will be acqpinted with the resalis of the individial stages for conpents to feed
back into the system developuwent, The linal stoge will inchide the preparation of detailed
data basel on the expeeiesnce with te VBT module (o be used in the developient of the
other AIS DSRA module,

Relercences:
{11 JLKOVA, 1L - §TAVOVSKA. L Steaktwrorans poslupy anabizy a adecha infor-
madnich sy\tEmd ESPRUT, olp. Ostrava, 1092

This resvmich has bron carvied ont ot the Cender Jor Compalivg and Information Scr-
vieea as purt of the mscarch praject “Awntamated provessmg of TU cnplogre aciclifie rostarch
arfivity datebase ™ aud fas begp supporvied by TV grant No, (0917029794,
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The Head of the Depavtment of Forming, Casting amd Welding at the Faculty of Me-
chanical Fugineering CTU in Prague devided in 1993 1o simplify the administration pro-
cesaes of Uie department. The areas in which it is possible to accelerate the compilation and
evaluation of information by the wse of compuaters were invesligated. The need for economy,
which under present conditions is of patamount inportanee 1o management, informed this
investigation.

The seftwire for simple registration in dealing sith non-investment cost was created in
the frame of the research work Ne 2103 “The posstbility of management the administration
work by means of computer technique”™, The head of Departinent must have knowledge
of given duta to take a decigion on the adequate use of non-investinent cost according to
1ealization of own ideas,

The creation of software was bansed on two principal lacts:

o different somees of money are ab disposal (state budget. part of & profit from ils own
economiral activities, Joan from central badget of facully),

o organization seheme of the Departient which hax several profexsional groups with
limitedd antonmny in manngement,

Before giving the brief results of the investigation it should be eniphasized that the input
conditions and ovtput demands are given by 1he concrete requireents of onr Department.
The following reguirements of the system of registration were devide upon:

o registration of income smn with indication of the source
o reglstration of cxpenditnre sum in total and according to individual groups
» registration of expenditure fron given sonree for cach group

» balance xheet for each goup must be available according to individual sources and
tolals

» a halance sheet for the departioent mnst be available
The requirements [romn the point of view of running the software were

& scparation hetween the eutry of input data and record of the resnlts
e possthility of printing all parts of the registration
o gimple entry to information ansd asswrance of self-rontrol of the input data validity

249



WORKSHOP 95 COMPUTER ART

Daring the solution twenty service programs were ereated, the lotal servicee program,
spreadsheet and the main executive program with twenty sheets.

Two sheets are amticipated for the entey of npat data. sepatately for toeeipt aned oxpeon-
diture, The transfer Lo other sheets is hased on the principle of Hags. The snme principle is
usod for self-cantrol which enablex the operator to clieck the correctness of entry.

Sheets 3 to 5 serve for roceipt and expesdime 1ogiattation wisd th i o tua!

The survey of the expenditures of al} gronps (inclnding the directoss and reservation
funds) is performed in shont O,

‘The survey of expenditures of idividunl groups (withowt the reservation fund) accord-
ing to different sources in performed in sherts 7 1o 12,

Sheets 13 1o 19 contain the balance analysis for all gronps according (o different sources.

The Jast sheet contains the Department’s balance analysis acconding to all groups,
Sell-control procedure is included whiclh displays a waining message if the opoerator make o
mistake.

The softwarr was prepated on PC 336 DX /40 usinig 1he program WisText 602 [module
WinTab 602) running under Windows 3.1 C4 "The systom in the standard version is able
Lo register 200 records, Occupied tremwory in thin initial state i< 418 kB, The wawber of
records conld he endiergel to the fofl possibitity of the Tal-modake (32,000 records).

The programy was verifiod by inputting the nen-iuvestment means data of onr Depart-
metit for the current year. The necessary tine for introducing and evaluating one record
was cut down by abowt Slceditor T602 war weerd.

The program enconrages the operator wha ix now able 16 run this wacr friendly program
with & basic knowledge of I'C. The program docs not support an operator’s satural habit of
registering data as late as wote data are to b tecorded, That i one of its tain advantages
- the continuons updating of data. An other advamtage is thwe inpat and the evaluation
areas separation,

.

The ereated system is univorsal, It cotkd be applied anywlhene with a two level system
of organization, i.c. Facally - Departtents or iivemity - Faculbtios,

This svscarch has bien conducted el the Department of Forming, Casting & Welding an
part af the Department’s rescarcl projeet 8o, 2003 “The Possibility of Contemplation the
Administration (Vork by Means of Compater Techniyge ™ amd bas nat boon sopported.
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USING FORMAL METHODS
IN THE CONTROL OF
INDEPENDENT ANIMATED OBJECTS

R. Berka, 1. Jelinek

C'I'1'. Fac. of Electrical Eng.. Depl. of Compuier Science
Iarlovo nime 13, 121 35 Praha 2

Key words: computer animation, olijict-orivnted graphics, animation, modelling

Computer animation ix one of the fastest developing arcas in the computer science and
in industry a~ a part of it ~sitalation methalds, Tising animated sequences, a user can more
casily Intagine the processes of the ohjects of his interest, Cne of the most complicated real
wurld ohjects for animmtion i the human hady F. [5]. When medelling any object of the
1eal world, we mmst solve two main casses of problems:

1. to crente and dexeribe a miitable modd and to control it:
2, to deaw the animated mode] on the seroen by fast method of computer graphics.

We hisve dedicated this paper 1o the firt problem. In our project, we tried to imple-
ment algorithims (in object oviented longuage) for modelling the baman body using formal
metheds 1o deserile (e stonctute of the model and 10 control its behavior,

The stenetnee of the model (e model of the loonan body we have called *figure”) is
deigied ax an otdentel teemy tiee, The position in 3D space of each node of the tree
is determined refative 1o it predeaseor, Fig, § shows s simple model with 15 nedes and
corresponding (etnary tree, To describe the steueture of the model we have made a simple
language FDL (Figire Dexeription Language) which allows wa o ereate more ot less detatled
madelk. The FOL is generated by the granmar @ described in {1], [2] and [3].

Fig. 1: The figure nnslel ikl corpepaonding ternary tree

During, animvation, the moddel is cwmnolled by messagen containing instructions, Bvery
mwsage i adidieseed dineet ]t mude By he identifier of the fignre and the identifier of the
node, To receive messages, the fignte nevds an iiterface between itsell and other ohjects.
The interface is vealizsd by an objert of elass Quede Manager which also plays the role of
the ot node in the model’s siraciane, Bvery Quesr Manage r roprisenis one figure, and
these objects are forted into a linked] stenciure, This dmeture is processed by an object of
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class Scheduler, which, in cycles, reads commands from a seript and sends them ax messages
Lo the Quene Manageis.

Every message contains informution about the valine of the global Ginee counter, the time
stamp giving the tite that the message shonkt be processed, the ligare idemifier, $he node
identifier and the Lype of instructions with parameters {see [2]. [3]). Reviving a incssage,
Quewe Manager stores 3t 1 an msisnet on e and sstapates Uie gioial uwe counter aith
the slamp message at the head of the quene. If the global connter is lexs than or equal to the
stamp, the staop message is fetched and distritmted to the model’s structure, [dentifying
itselfl as receiver of the message, the node only partlially perforins the reguired operation,
and the rest of the calculation is inserted into the instruction quene ax the last instrction
in sct of instructions with Lthe same time stamp. It allows us to control every moded and its
parta independently of other objects (a pscido-paralle] effect),

The methods deseribed above have heen used in onr project FITALIATOR implemented
in C++. The next parts of the project are devotal to the problein of drawing methods, We
would also like to inchule clements of dynamic control il deformations.

References:

(1] BERKA, R. - JELINEK. L: Vitatiator - The Human Body Animating System, CTU
Seminar "M, CTU, Prague, Janary 1990, pp. 15 - 16

{2] BERKA,R.-~ JELINER, L: Formal Alcthods in Huyman Bady Model Awimation, Pro-
coeding of 10, SSCG, Dratislava, Junce 1991, Slovakia, pp. 220 - 225

[3] BERKA, Rz Object Oriented Animation, MSc Thesis, CTU, Prague, 1994, in Crech

] WATT, A. = WATT. A: Advanced Animaiion tid Readering Techuigues, Addion -
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Gencraled 3D Films, Springer Verlag, 1992

This rescarch has been conducted at the Diparturent of Compuler Seivace us a parl

of the reacarch project ~The Compler Educating Syelem for Compater Graphics and CAD”
and hag beew supporied by CTU grant No.  12-31058.
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GENERATING PLANTS USING NURBS
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An cffort 1o find an slgorihm for genepating mudels of plants usable for computer
graphics har contlnel since 1932, Because thi< problem has been unsolved until now we
can see that it is very complex,

Existing methads work in two steps: duriug the first one a topalogical description
is generated, while the second step gererates a corenponding geometricnl model.

The first phase creates a description of a neighbourchood of leaves, Aowers, fruits and
brapches, Developed methods are mostly based on algarithms which work with probability
amcigned rubee, Thee rost kiwen miethodd, Lesyate me, iz nomed by fts anthor Aristid Linden-
mayer {6] and was uned fa this reason. for the finst time in (3] n 1981 Twe wew methods
were introdueed [, {3). These methods are wnch moe intelligible and give miore possibili-
tivs to contrul the shape of a plad, A product of the liest step is o data straetore which gives
{after the application of the proper traversal algorithn) information abont the stracture of
the plant, The second step wes this infoimation to generate geometrical reprsentation.

The geometrical deseciption is in general a ot of surfacex modelling the shape of the
plant. This model must be suitable for reidering by the nuethods of compiter graphics. This
phase of generating the weadel is the hambest ope, beeanwe the inereasing level of credibiliny
is reflected in the complexity of the wodel.

The fatcs research concerning thix problem [1]. [2]. [#] and [1] uses for describing the
plants mostly Bézier sucfaces, We nae NURBS which gives 1no basic advimtages:

¢ an invariance to the perspective projection ad
® A precise representation of conie sections and derived surfaces,

We pay for that with a ligher complexity of all the algorithms: rendering. modelling and
80 o, “The secomd advantage consequently gives amified data teprenentations of “classical™
suefaces like a sphere. a Dok amd "fre” surface like the uwiah teapot, Both advantages
seem Lo be the reason for the intensive developement of NUTRDBS theory aml its application
(ACIS, PINGS+, ALIAS, Iris Inrcntor), This is the thind reason why using of NURBS can
be interesting for modelling the plants.

The key to the generation of a geometrical description of the plant b the joint between
surfaces. For many technical reasons surfaces of degree three in computer graphics are
used. The C'? continuity is a very strong condition so for a nice subjective perception G?
is acceptable, The G2 condition guarantevs U same orientation of 1angent veetors in both
direction u and o,

Aranches generating an algorithm goes throngh 1he topological representation and eal-
Jets points which belong together, and puls them in suceessive order into 313 space, These
points determine a 31 polyline which is nsed as a sweep path for a polygon of eight point
definition of a circle. The gewerated mesh is a control polygon of NURBS surface of &
gencralized cylinder of & branch. A hranching node is a point of generated polyline, which
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consists of one ingoing and at least (wo outgoing branches. To receive 4 smooth joising
of two surfaces we we two {ast puints of o ingoing buanch s e 1we firt pointe of the
outgoing branch. Bovlean vpetation eadusive i gives a fina] slipe,

A leaf is generated as thiew surfaeess aostem and 1wo patelws. Both patehes start from
the stemn and their orientation determines the local coondinate systenm. A joiot into the tree
structure in the same as b b dong, poiits exvept tnmt Uie tadine o S =i B st
The patches are linear blending surfares determined by their macgin.

Fig. 1: A NURIS generated leaf,

The inflnence of global factors like wind, light muel gravitation is als calrnlated, Fach
of them is represented as a vector where the siee of the vichor is an intensity, The ansount
of mfluence in cach point of a nanch is calenlited from this veetor, the distanee of the poing
from the begining of the traneh and the disnwter of the branch, Tle same method i amsd
for distorting the stem of the Jeaves, The distortion of 1he keaves sutface is computed from
the distaner of stem, The global factors e applicd solely Tor tles control prints of NURBS
surfaces.

Relerences:

[I] BLOOMENTHAL. J.: Madiflting the wghty maple, 3CM SIGCGRAPHSS

2] KAWAGUCHL Y. A marphological study of the form af neture. ACM SIGCGRAPHR?
3] SANTIL A, W Plante, fractals and formal lengaages, AUV SIGGRAPHS)

[] UOLTON, M.; Strand, gravity aud botauical tee imaginery; CC FORUM Vol 19, 199}
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Parts }and H, Journal of heorcdical bivdogy 1968

Thiz rescarch has hoew condacied ab the Depariment of Computer Seicnee and has nol
been supported,
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THE INFORMATION CAD CENTRE

J. Betka, R. Némec, V. Kovif
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The designer nevds for his work te knoar, what kind of support means CAD offers, The
offer of publicity or advertisoment i< nnobjective. 10 is connected with the interest of the
firm. The infoumation CAR Centre at the CTH. Departmenmt of Machine Elements and
Mechanisms ix indeprendent of private funs and offers objective information,

Tl fanelamental activities iu CAD are conception, modeling. check and optimalization.
The suppart peans fut cotception are:

o nel tansniission of dala, connection telued, ftpaloging faxmode,
e acced to information services of Intetnet, Gophier, WWW ete,

The support means for modeling in graplhties:

o management of diawings,

o quick viewing. nse of lides,

o scauner drawing, editing raster fortats,

# libratics of machine partx and components.

o Lype drawings, forin mmbers.

o drawing aids, the support of deawing.

& accens Lo ungraphical environment. datalmas,
o work with sehenws,

o design of pipeslines and pipe network,

o design of fenneworks and thin-walled stenctuees,
o synthesis of moechanismg,

The support means for 1he computing check:

o calculation of the steel frameworks and thin-walled structunes,
¢ calculation of the machine parts, teansmissions, etc.,

» creation of discrete maodels of mechanical aystems,

» finite elements method for space stiess analysis.

The support means for the optimalization:

« analytical anl muimerical methods for finding extoenes,
e lincar and non-linear programming,.
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‘The Luilding of information CAL centie began in 9N, We bonght. with the suppart
of FRVS. the computer Apple MacIntesh Power IFC 6100/60 ML with 250 MB SC5Y diee,
16 MDB RAM. 1 Sony trisnron sionitor and the Sl equignent Etheinet toascivar,
Internet fax. snodem, veice U5 Robotics Dual Standard amnd software Apple syxtem 7.5,
Hermes BRS, A uet conmeetinn was st up and intemal envivenmwsn i being prepared.
The scheme of nformation database is g proposes acootaiig to e ditioduond Vs,
The structure atul necess to the information is beitg solved, We have problems with the
completion of havdware dolivers. The fnstaflation of ) pants of cguiptivnt was not sealized
untill now,

Our atm is to constitnte an information CAL centee which has the program equipnent
for machine engiuevting and can «upport the edneation of our students.

References:

[N] Rolektiv: Cdati & mechanismy stroji. Vipodtni teehuike - eméani. CVUT, Praha
1991,
2] BRECRA. ) Tooric konatraorini v pelminkich CAD, CVUT, Praha 1995,
I

Tives vecenerch has boane conducted ab the Departinend of Maclime Efemonts and Mechas
nizma as parl of the rescwreh paject “Baildeg of Infoemation CAD Centre™ and has biew
supparted by grant of FEVS No. £182
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RESEARCH ON FORMALIZATION OF
DESIGN PROCESS

1. delinek
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The concept of dexign theory was lirst formulated in [1] as a General Design Theory.
This theory developed into the metamode] tieory {1]. brielly described in [2], [3]. The basic
idea of metamadel theory is based on Lwo concepta:

o design an s mapping - the mapping of function space onto attribute space,
» metamodel ax a finite set of artribntes and knowledge in one step of the design process.

The idea of the dexign provess formalization was developed and spread in a conceph of
Ingical modilling of disign process [1]. By logical modelling of design process we can now
understand a combination of three logical feameworks ~ deduclion, abduction and circum-
&cription.

Deductive framewark can be formalizenl an follows:

SUKF Da,

where 5, K and s are sets of formulae that denote required specification, knowledgo
uged in design and design kolutjons, respectively. Solutions are derived from specilication
and knowledge that results from deduction. ductive framework may be suitable above
all for rontine design,

In the second framework - aliluctive framework (as apposed to deductive approach
specifications). we ean derive specifications fromy design solutions and knowledge. We can
formalize this logical framework as follows:

DxUKE S,

We can vetily if oar solutions meet given specilications. IF the solution does not satisly
the specification ot caniot evolve any thore, the designer either tries an allernative solution
or modilics Vw denign knowledge andfor the specifieation.

During, the design process monch inconsisieney can arise, But, inconsisteney has not only
negative clfects in design bul adso positive ones. Most eases of incousistency in design do not
mean that knowledge consist of wrong information, hut that knowledge is used in a wrong
manner, Knowledge is wved heyomnd the sitnations in which it is expected to be used. We
assinie that inconsistency comes such incompleteness of the knowledge description. Then,
we have 1o find descriptions of knowledge which restrict wrong applicability of knowledga.
One way to accomplish this process is through cireumseription.

257



WORKSIOP 95 C:OMPUTER ART

Circumscription is o technique of formalization of revisahle reasuning (hat not only
solves incousistency hut alwo liolpe rearoning (o procecd futher by modifying Knowledge.
Circumseription is a type of logical remsoning and lins been developed (o deal with excep-
tios, Circmmscyription cutisiat~ of sizimiving wdeetal farutas cotained in a knowledge

base which are exceptions of comuton valid formmudas in a closed-world exwviionnwe,

In our research wo will use nulti-worlds and cloned-workle pssmptions of meodal logic
for design process modelling. \We suppose that the design state ean be modelled by vue world
of modal logic formalization. The modelling of the divigu process can be then interpreted
as a proof of validity of modal logic formalae. The constrnction of a wew workl in modal
logic has an eeprivalent in the search for the next design step in the design process,

Refarences:
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EXPERIMENTAL MULTIMEDIA
SYSTEM - EMMS 2.0
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A multimedia system is a system characierized by integrated processing, storage, pre-
sentation, creation, amd manipulation of independent kinds of information under computer
control. This multimedia information has an important attribute - time. \Ve can define wwo
types of mnltimedia infornarion: time-dependent and time-independent media. Examples
of time-dependent medlia ave video, animation, and sonud, and those of lime-independent
mevhia are text mwl pictme or drawing, The fupdamental principle of multimedia systems
is integration of Uwe common elfection of all these media,

There are several levels of ondtimedin systems [2]. They differ not only in possibilitics
bt also i prices:

¢ paive level of wultinudia systems - a reprodentative s WINDOWS 3.1 mnultimedia
envirtomment (PrintBrash, Media PMlayer, Sound Recorder)

¢ standard multinedia xystem - o 1ypical representative is software delivered with multi-

miedio iardware « smftinedia kits (autlioring systems, Awlorware Star, Actions!, Corel

Show)

professional mwllimedia systen - special nmltimedia software and hardware for multi-

media production with output otr C1D-ROM or video {'TuolBook, Icon Autor, Auloware

Professional, Adobe Premiere)

« experimental multimedia systems - these systems are constructed in common pro-
gramning languages (Pascal, €). implemented on MPC (Multimedia PC) [3]. These
systeins give very professional pesalts with minimal financial expense. Products of these
mulvisnedia systeins can be used nol only for student education but also for standard
wmultimedia presemtation production,

We presented the fimt version of onr experintental mullimedia system last year [1]. Now
we have finished the EMMS Release 2.0, The system s implemented in Tarbo Pascal 7.0,
cotisislent witl the object oricuted pacadigin. For time coumvmning opetations, assembler
routines wete usedd. Our system bas several parts:

¢ the anthoring system, which can produce presentations with different multimedia cle-
tents; conttol stenetures e T seguenees, coditional stenctnres and loops

« multhnedia database with texts, pictuies, sonnds and simple anfination

& user interaction possibilition; veee can manage the ean of mnltimedia presentation by
text or by metaphors of bultons

¢ a parl for presentation of muliimedia applications
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» other parts - fonts edilor, artup, ete,

We have finished two main wmltinudia applications: an infurmation kiosk for Jindiichny
Hradee castlc and a simiple persoual wndtimedia databare. The serond omw is being prosented
at thi OTV SFMINAR.

The diffeience betwern the first version of EMS {1] and system EMMS 2.0 18 the fol-
lowing:
Softwarc:

* unifortn accuss to multintedia elements

« better user interface

« more than ope picture element on Ui sereen
o sound clement presentation

+ animation clemeits preseatation

Hardware:

o additional graphic card support
¢ Soumd Blaster sound card support
» usage of XM5 storage for animation and picture storing

In the next version of EMMS we plan:

o 1o group several multimedia clanents i one maitinusdia demeat
» Lo extend support of new graphical cards

» to ndd zynthiesized masic. MID]

» 10 extend suppoit of data format for geaphic and soond,

Relcrences:

[1] HOLLAY.P. - HOSTOMSKY, 8. - JELINEK, ). - SNOREK, A.: Multimedia gner-
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A Figed Poind DS System Boavd has been designed under Tempus JEP-1565 European
Joint Progriun, The system has the following katures:

¢ the board is hased on ARSP-2101 DSP microcontroler from Analog deviees: the mi-
croconioler featnres a 625 b instruction eyele, § k words of fast SIRAM and DSP
tailotedd architectute.

¢ the board includes own AD/DA conversion interface bassd on AD-1819 codee from
Analog devievs; the 16 bit AD/DA conversion imterface features one sterco inpnt and
two sleteo output channels witle sampling rates up to 48 klz: an option of the build
in amplificathon for the microphone/londsprater sysiem is available; all parameters of
the conversion as sampling rate, inpot fontpui giin, kind of compression of digital data
are software programmable.

o the system is built on the PC Add-On card and includes the interface to the 1G6bit 1ISA
bus of PC/AT compatihle compnters: 1he terfice allows the direet, driving/monitoring
of all signals of the ADSP-2101 atd AD-134%, which enables the P{ programs te drive
the whole system,

e the comprehensive software supporting the systemy has been developesd; this software
includes the complete integrated developinent enviconnwal with all standavd emulation
tools, the C++4 object lileary, ansl the sel of the lasic DSP applications for demon-
slratfon purposes.

Due to its emulation capabilities and vaey handhiug, the system board is suppoued to
he a powerful development ool and also a very aseful aitt for education of basics of DSP.

There is another extra feature making ihe board excepiional beyond the others of its
class; the hardwaie which provides the inteiface of the system to the [SA bus of P'C has
been implemented wiing Xiline FPGA’s and can b “programmed”™ by downloading the
configuration data from the harddisk of the lasting PC. This feature enables the board to
be compatible with o broad range of ether deviees, ln adelition, U architecture of the bus
interface anit is designed (o include all digital control signals of the system. The system
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becomes the tool for the development of the DSP application: exclusively the application
taflored hadware.

This regcarch tas been conducied ni the Deparinient of Eliclronice al KIHWT Qnslende,
Reloiven ne port af the penosam TFAIPES: Fdwcation and Collaboration Programme in the
Field of Microclcetronics and hag bren supporisd by TEMPUS yrant No. JEP- 1563,
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The Conndda effeet of jot attachment to & wall is cansed by entrainment: a submerged
fluid jel entriins amid emries away the suroutding fuid. If the space into which il issues
iz bounded by an adjacent wall, the temoval of fvid between the jet and wall generales
pressure dilference acruss the jet wlhich forces the jot tawawds the wall. The attached jet
may Tollow the wall into a direction diffepent frmn the original orientation of the nozzle,
T hix interesting, aerodynamic effeet s bee nsed in fluidic bistable no-moving part diverter
valven, These e normally desigaed baving planar geometry, with a slit-like nozzle direcled
betwern two attaciment walls, each of them poiding the jet into a different outlet collector,
Thete ate two stable states: they difer in whicl one of the two ontlets tnost fluid eaves.
In wsnal fluidic valves, the switching between the two states §s canzed by the flow from
conbrol nezzles, 1 the active owtlet (one into whic most jet Auid flows) is gradually closed
while the other one remains open. so-called ladswitching may take place: the Coanda
effert po moe suflices to Lold the jer at the particalae attachisent wall, ‘The jet then
switches to the ather wall without the mesd for any any control flow. A load-switched valve
based on this phencmenon was suceessfully develeped in the usual planar geotnetry for
antomatic switching of the antomobile eagine exbanst gas flow wut of a primary catalytic
veactor as soon ax an wwdesirably high catalyst teperature is reached. [1). Operation
without moving parte make possible exceptional 10bustness and reliability of Ruidic valves
when compared with common cleetromagnetic valves. Also the price is imach lower: the
whole antomatic la-pass control vilve is mamfactined in a single picce by casting without
machining. bwing nothing mowe than just a cast exhanst pipe bifurcation. Uinfortunately,
the hyapass leop with the primary catalytic reacior and diverter valve tends 10 be very
bulky amcl difficult 10 stow iuside in the dght presont-lay eogine compartment. A much
more cottpiet solution was later proposed aceording to Fig. 1: here the antomatic control
valve forms the cntranee piad of (he catalytic reactor body, st the axix of which there is
the hy-pass pipwe. The axisymmnetric version of the valve, althongh it might he viewed upon
simply as convolation of the planar avangement, is much more diflieadt 1o develop, There is
the obvious aseianeley of the two attachmetd walls the inner one degenerates into just the
stnall conical tip of the central hudy ased comot esent such attachment effect as the mach
larger onfer wall, Previons expetience abw las aliiwn that it is nsually dilfienl! to obtain
uniform peripheral distrilbntion of flow from a ring-shaped nogzle so that there is e risk
of switehing-action nol {aking place simultancously at dilferent cirenmferential locations,
The problems wore investigated on a full-peale geroly prmic model, Fig, 2. Rather tedious
systemntic investigations of individual grometric paanetors was necessary, including the
mwssurements of the diverter loading characteistivs with different splitter shapes (again,
as with the planar geometiy, 1he concave, “cusped” shape of the splitter nose, peneraling a
stabilising internal feodback, was fonnd bepeficiel} and different splitter-to-nozzle distances.
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Fig, 1: The o stable states w the doveloped compact amsy mmane Oudic
valve for passive conurol of an amjomolwic cainlytic reactor. Top: Aow
through the catalyst matrix aficr engine stan. Bollom® flow switched 1o the
by-pass pipe to avoid reaching dmgerowsly ingh winpermure {a scoondary
reaclor further downsiream then lakcs over the cleansing job).

Yool prwseams fop

Fig. 2 Aerodynamic model of the radially switched axisymmwtric Coanda-vffect diverter which has
recently underwent succeasful lests . The changes of aerodynamic resistance of the reactor matrix
with temperature is simulated by adjusting the open area of holes in the two disks.
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IMPACT FLOW
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During the development of combined temperatupe and velocity probes based on shielded
thermiorouples. so [1] sk [2). the problem of the value of the recovety factor
L =T
2
Yzt

o

(1 nd is the adiabatic wall temperatme, Ty sl cpy Bre the temperature and ve-
locity of the potentinl Auww ontside the bommlary layer, o, is the specific heal capacity at

constaut pressire} {n the vicinity of the stagnation point in the compressible fivid flow was
encotntered.,
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Fig. 1: Temperature distribution in axisymetric case

To gain some fortiticg abow this problem, an experimental fuvestigation of the
temperature pnd prossire distribution stonnd the stagnation point of the flow caused by an
air jed of the diaiseter T dmpinging on a perpendiendar lat plate, Le. 3o the axisymelrc
llow ficld was curried out. The distance botween the nozele exit and the stagnation point
was | = 200 mm. The exit velocity was about 120 mfs (Ma = 0,37, Ue = 810000), so
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that rome slicht compressibility effects appeared. In the scond setien of experiments, an
approximately plane fow liekl was creatd by means of two parallel covering plates situated
between the nozele exit and the plane of impact, Duning these oxperinemns a nee compter
controlled data acquiition and evaluation system was developed as o pat of a diplomn
thecls !'!}

Some preliminary results of these two experinents van be seen in Fig. | faxisemetrical
case) and Fig 2 (the approximately plane case), Curver 1rhow the distiilaution of the static
temperature £y, curves 11 the distribution of e measared total stieast temperatuee 4,4
Curves L correspond ta the theoretical adiabatie wall temperature distribution is the care
of the turbuleat flow parallel to a plane (+ = VIr). earves IV in the Jaminat one (= Pr).
Curves V reprezent the measnred adiabatic wall temperature, An iiteresting phenomenon
is the "peak™ in the conrze of the enrves V. Init's coordinate /1 the intensive sedimentation
of particles carried by the jet on the impact plane wis olserved, T the incompressible finid
the increase of the copvective heat transfer cocflicient was measured.

Mare detailud investigation concerning phienomena in this region will be carried out,
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Eig. 2: Temperature distribution in the flow with side walls
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This short paper deals with a conteibmtion to the development of the data reduction
wethod for gas dynimies tests and measenente, The homogeneous flow values are eval
nated 1o represent the teasnred non-lomogetais gas mistwe ows, The pethod satisfies
the consepvation laws for mass (inchuling mass balance of all injevted gax compunents),
momentum and eneigy,

Thermodyuamic basie consislerntion suppomes 1he how 1o e a mistare of pevdect gases,
Consequently the gas constant R and specfie beat capawition e, e, ive detersinest from the
toass leaction of components, From them e isentiopie exponent (eatio of specifie heat
capacitics) in solvel,

Using this thermodynamic banis and the dimensionless gus dynamic fuactions for the
dynamic pressure, the static pressme, and the vondimoensional mass flow rate the balanee
equations establislt a system of eyquations for the valies of the homogensous Bow, The
original procedare {1] of the molution of e equation system have sapposed one perfoct
gas flow and total temperature to be constant. The new tieatinent follows the original
procedure aud the guideline of non-constant total temperatae propuosead By Oldlicld et al,
[2] and comsiders non-rommtant ass fractions of gas component s,

The analysis of 1he solution of the cquation systems formulates Himitations for quadrates
of ratio of the :ulvp,ral af moment i Aux parallel (o the measuring plane awd the teansformed
mtq,rnl of mss flux 1241, and the ratio of Ui integral of motnentum fliax normal to the
measuring plane and lhl: transformed integral of aass fine 1375y . The liits, calenlated
for dilferent incttropie exponents £y, are plotted in Fig.1, The wransformation of the jutegral
of mass ux Iy corsists in the total temperature T, cortection and thermodynanie fnetion
I\ correction given hy

R K T,
Iy = lu-ﬁ;* ..—:- 4))
where
. IS ] é .
k= s (x + l) @)

index 1 denoies parameters of the homogencous llow far upstream and index 2 denotes
paramelers of the homogencous flow given by the data reduction method. Further analysis
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upens disenssion an e pincible wbations By the data reduction method sl determines
their meanings on i Busis of the obligee shork wave analoey,

The data reduetion wethod was veritiest and appliedd in cascade flow nvestigations. 1t
enabled to solve cant with fujection of oue or more other graes 3], Measutenents of a
vor-hongeneuus o Da Lid Lo st s dewen I Fig 2. wive distrilations of static
prossure pry. tolal presore pogy. exit angle Jy,. total cemperatare £ag, and mass Iractions
of components £z, in mensnring plane. The data reduction mwd bl solves the mogrmcous
data p;p. pa. du Lo S DU also cnables to solve the kisetic energy loss coetficient, the
enteopy incrense, and actadynamic forees geting on the hindex,
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Fig. 11 The lwits for data to be treateel by Fig, % Tl selemwe of @ blade caseade ap-
the data reduction method plication of the data veduction method
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The fuel spray penciration, el evaparation asd mixtnre preparation. as well as the
influence of in-cxlinder air motion on mixtaee distiibntion, me feeguent subjects of interest
in a Diesel engine development,

For an approximate solution of e mentioued proeesses (e twe-dinensican] computing
model was derived, It his been done o the bises of the experimental and theorctical
rescarch of the atomization and velocily charactoristics, the temperature and density fickls
and on the bases of the theoretical analysis of the droplet evaporization.

The first companting model iwmex from the presumption of the constant injection pros-
sure. The alm of the presented work was to find a cotmputing model of a real nonstationary
injection, IF alt mass of injected fued is dividksl jnto small conseeutive injected amounts, the
<quani-stationary sohiion can he performed.

Further the remlis of a computing solation for the supercharged ratlway engine of the
bore of 230 i e shown. AL this engine an exceasive earbonization of piston rings and
& piston crown at cerlain running conditbons were observed. Using the computing moded it
was found out an excessive amonat of lignid fuel, pitching the combustion chamber wall at
itlling and at simadl poswer rm. A post of liguid fued slides afong the combustion chamber
wall towneds the cylinder wall and canses the carhonization.

Another itaportant phenomenon. which can be watehed by the contputing model s
the quantity of fuel, entering the first stage of combustion, which is called the premixture
combustion. T'his quantity infhiences the noise of conbustion mixd the NOx formation con-
siderably, The quasi-stitionary soletion for the mentioned engine at its full power gives
results, which are plotted jo Fig, 1. The hatelhed surface epresents amoutd of Tuel, entering
the premistire combustion. U represerits alwad 12% of all injected fuel al this case,

It is rather difficult o End correet position of a honadary betworn the premisture
combustion and (e conseeutive difusion combustion. Recemtly we started & work on the
high pressure indieation in combustion chambers with » heat release compaiation, We
believe, that these experimental resulis help us to make the computational prediction more
accurate,
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Fig. 1: A mixture formation in the combustion clataber of the superchaiged mailway engine
of the bore of 210 mum (biep = 136 MPa. n = 1000 1)
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The targel of the rescapch bias beew to develop comprehensive dala acquisition and
processing system for inteenal combustion engine inner thermedynamic processes analysis
based on IBM PC AT compatible computer with plag-in data acquisivion boards, which is
sitahle for cesearch purposes of universities and othey wsearch establishments,

The anthor’s endeavonr has been to ereate a system., which is more suitable for research
works on 1€ engines bt developinent of shich i los< expensive than purchasing of a foreign
system. Thanks 10 the [net that the system iz originel. it in possible to adept it under special
demnndx of veseareh workplaces, The reguiceed facilitien have been achieved using compuler
and mensnring teclinology in combination with modern programming algorithms in a way
that ensures necessary powerlul performance. Using accessible comparizons it can he stated
that the system is comparable with foreiga ones offering more comprehensive informations
about inner provesas in combustion chamber,

The system has been completed with developed graphie user interface built on er-
gonomic principles and asunl axer's customs, which give it “nser Iriendly”™ Tacilities,

The incication system is modutar, At present theee nre used these modnles:

Data acquisition module - it serves for data neguixition, classification and storage,
Thanks 10 the used apptuach is data handbing signiticanly faster than using original plug-in
data acquisition hoard soltseare.

Signal processing module - i module for high-prossise sensor's signial processing has
Teen developed this year. 11 uses suitable digital flienng and Fourier translorm algorithius
and 3 is incorporated into the indivation syestem. The fncluded procedires can eliminate
disturbing influences anl “nolse” during data acquisition and this way it can replace ox-
pensive signal provessing deviees, ln addition, ihe module can be usedd for burning process
nolse analysis, mechanical parts stress analysis ete,

Initial conditions module - hisedd on previows realts, the system hae heen extended
by module, which makes possible (o determine equation of state thermodynamic quantities
in mownent of inlet valve closing down (cg. it a moient, when the closed thermodynamic
system is considered), Aceording to the analysis publisles) in [2] the aceuracy of determina-
tion of these initial conditions decidee abont tlee acenracy of the whole system. ‘This module
has been built in the way to determine these valwes using dilforent methods depending on
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the character of the measurement and required of the pecision pesalt<, The amin approach
is W meisute and atalyae compress presaaps sl iitin] conditions are found out using
non-finear optimization. The next supported mihod is isitial eomdition determination us-
ing TDC, temperature and inlet muifold preswine seiwors, For fast dirgiostic measuring
there fan been Gosein i gecthod of Bdicbbeal eeele bidanee alone with reepevting eiven
polytropic corflicient during comprersion and TDC correction using empizie formulas.

Statistic module - epables <tatistic data selevtion and processing,  Its great advan-
tage is powerful fast large data ficlds procesding - thanks 1o nsed algorithins the reonlts are
almost on-line available. There are statistically processat selected characteristic guantitics
determined far each of measumed cyche, for example pressure peak, masinun prossure cise,
mean effective pressoies ete. For each of theso quartitios the system gives in b graphic forin
a course of the important siatictic functions (frequency distribution, cunulative distribu-
tion, cycle-to-cycle varinhilite and corrnedation enrves) together with nonusical claracteristies
{spread, standand devintion, coofficient of variation, corelation coefficient ote.).

Thermodynamic modnle - & vingle zawe thevmudynmie evele model mdified by
anthors is weed for thermodynamic evaluations, The wodel is enlaged Ty more acearate
working medinin parameters, which respoets tiee kinsd of an engine (spaak ignition, compeess
igaition eaghwel. the kind of Tnel {petrol, Bl oil. oatural gas, propancbatane). air/ foel
ratio, air hnmidity and residne conten~. Working medivm paandens log, specific heats,
gas constants) are twlelled by polyuomial fimetioms Tt dependence on temperatune using
multi-step iteration i order to achicve higher precision. Basic evaluated thermadypamie
characteristios are miean offective precaites, pet tate of lieat pelease, ignition deday, burning
process length (there is distingnished @-5%, 390 and 95 100% level of enevgy conversion
a3 a teasure of combistion speed ), courss of rate of heat relerse, tenpeentate, polyiropic
exponent cle. Thermodynamic analysbs rsuks serve the purpose of evaluation wide-ratge
engine performance conditions (eugine duty, speed, aicfloel g valve timiag, ignition
advance. kil of fuel e} amd engine modilicatton (combwstion chamber shape, process of
gar excliange, residue contents inflienes ete.} on combistion process,

The results of the projeet have been puhlished i the conntry and alse t istepational
conferetces, where have aronsedd favonrable tesponse of the speciaists from ariversitios and
industry entopprises. The aystem is wsed for measuring and researeh works,

We don™t comsider the vencarch work as 1o be isobated or clesd, Further development is
supposed to e in divection of extemding incladed Dimetions, munber of evaluated gquantitios
and impraving wier interface facitities. We irtemd 16 aim at son-steady siate engine (esting,
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Thiee dlevelopuient of Uiermo-aersdynamic models for internal combustion engines de-
seribed in 1] [2] has teselted in Unee convepts of models, commonty wsed:

- 2ere- (ov quasi-) dineensional models (Z-DM. Q-DM) for one or more parts of a
compied dontin - zones:

singlo-ditensional nuedels (1-1) of « E-1) unsteady ow;

~ mullidimensional, e 2-1, ~2353-07, 3-13 mdels (CFDM), solving the complete set
of partial dilferential cquativns of ffuid dynamies.

The futnre praspects of the CFDM are the best - [3]. Nevestheless, there are the
problems of engine physics (especially tarlmlence undersianding - [1]) and chemistry to he
solved, ‘The clrapes necessary for semi-empirical sohitions even in the former group should
he abtatined by algorithins juverse to the solver used, The sengitivity to the gritl coarseness
canl cause uther obstacle,

Thir siteation necds to bridee the gap Letween Z-1DA and CFDM. %- DAs have used
up to mow only zones of a limited aomber and shape.  These models are, nevertheless,
trapsparcit st 1obast, Ty conld e foumulated fna modilar way using o large set of
ordinary differemial equations so that the changes of subimodelx are easily leasilile,

Two approaches commwonly asd differ in gax particles deseription: the Lagrangian
approach deseribes an individbnal history of the same particles of gas, whereas the Etlerian
otie “hookkeeps™ budgets of comserved mass propetties at the frame of reference chosen
arhitrarily, Noth approaches have bevn peweralized permitting deseription of difusion Buxes
over iner leces. Lagrangian approach ix often used for multizone Q-DAx. However, it needs
a nested zone coneept which is eather inelfective for w large amonnt of zones - 2} The
necessary assuinption of homogereons state ingide 4 zone Is very artificial in the case of thin
layer zotes,

The aim of the wak his been theefore 10 dedoce an approach useable wnder the
circunstances deseribed, Lo, e gonks ans:

= Hexibility in adopting new subimodels:

- rolistness, sensitivity to coame grids, comvavative system of cquations;

- trabsparency, easy formsltion of inves s oF mixed algorithms for experimental results
wse ikl combination with the ovic ing sueeesslal models.

Expecially. it inehwdes the use of different oxndels of combustion, 1eal gas properiies,
a thin bomdary Jayers deseription (heat exchange, lame guenshing, knocking combustion
cle.), spray propagation, cvaporation and mixing, but alo o flexible aeation of a maodel
with zones sepavated by ports that canse throttling of & How and invelee inertia offects
(prechambers, piston ring crevices), Le in general also a manifold modelling.
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The way to this model can be based on 1he pecently dedured Advanced Multizone
Enlerian Model (AMEN} [5] which combines dmes of an Faletdan type with the iategral
description of lawn of conservation. Boing bass! im (-DM 2 and deduced Ty the efinenient
of them, the resulting system wsembles by its integial approach to seme CFDM's - {3).
Unlike theew anes, the sestem of ondinary diffisentisl equations i deduced and a clear
interface between numerical mathematios (inital conditona Lish) atit pidaits featuies of
problem is set,

Tive 10ols wsed are the explicit formndation of the systen of oidinsry diffetentin vqua-
tions (supplemented by algebraic onex} for 2 nmmber of zowes in a vectorfimatrix form,
solved concerning all derivatives of tie masses of species, momentum (i, velocity) com-
ponents and enthalpy (e temperature bt often imore camvenient using U equation of
state-pressure}.

The mest important achivvements arc:

~ there is a possibility to solve the set of ordinary differential equations describing the
laws of conservation fur an arbitrary zonr concerning all anknows derivatives; siandard
explicit or impliciv solvers can be used then:

= all equations can be wiitten in a voctorized forns, asing wateix products for some
transformation goals {e.g. chemical reaction Kinetics deseription):

- even the sepi-enpitical eloasstres {Paglbene e madels, Bame flont nwwveinent rquat ioss,
boundary layer - “wall lunctions™ - equations} can e waitten ju this general form of equation
st

The vector and matrix fotnndation is neful for the bricf notation, transparent aml
structured progeamuning, easy ehanges of the zone reprsentition. 1 has een need for
a general code appropriate 1o the problem searched. More specialized codes can be then
derived from it.

The real space structure of domain modelll is inclnded in convective and diffusion
terms of the right-hand xide of cquations.  Hoving described the stractore, these terme
can be generated antomatic. The system pvembles then well-known multiliody program
packages used in solid body dynamics.
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INTERNAL AERODYNAMICS
OF PISTON INTERNAL
COMBUSTION ENGINES

P. Baumruk

CTU. Fac. of Mechanical Eng., Dept. of Automabiles, ICE & Rail Velicles
Teclmicka 4, [66 97 Praba 6
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FFlow patterns inside the cylinder of the piston engine are very complex, particularly
die 1o the high degree of tucbulence. Tl turbalence intensity is essential concerning the
transfer phenomena. A Laser - Doppler - Anecmometry is suitable for velocity measwrement
of the turbalent flow, sinee it makes pussible the velocity measutement in particular points
within tneasured area using statistical evaluation of the acyuirerd values witlout imipact of
the flow pattern.

We are trying lo wee vardous techniques in competition (such as classical steady-flow
measureinents, poeumometric probes and anemometry). Recently, snitable model config-
wralion has Been nsed for basic measurement on the acmdynamic steady-flow test bench,
Such type of experiments makes possible the evaluation of the flow pattern taking place in-
side engine cylinder together witl determimativn of integral values of flow patterns created
during intake process:

- cylindrical swirl whose axis is parallel to the eyliander axis - SWIRL

= cylindrical swirl whose axis is perpendicalar to the cylinder axis - TUMBLE

An unambignously determined wodel with siimple geetelvy is suitable to judge various
methods of investigation of the propertics of the flow pattern. The model with the symmet-
rically located intake valve has been designed and manulactured. The air supply inte Lhe
chamber, placed around the valve stem. can be porformed cither through radial entries or
(using Langential oriented holes) with significant tangential velacity vector,

In first stage development the ancmometric mensurement of flow pattern inside the
cylinder has heen compared with classical steady-flow testing,

The alternative with tangential entrivs causes a considerable prewsure loss. The mass
flow decreases by approx. 60 cylinder charge has boen reached (absolute swirl speed of
approx. 6600 rpm}. The mean piston velority derived from flow quantity i relatively low -
vp = 3.8 ma-l.

The ancmometric measuremnent has boen performed using an OEl Laser - Doppler -
Anemometer arrangee for o one-component two-beam back-sentter measurement equipped
with 5 WV Cohereut Argon - lon Laser (operating oit 514.5 nm wavelength with 0.6 W powet).
An optics with 269 nuan focux distance has been wged, With reganl o the appearance of
the reversed flow the 10 Mz frequency shift I bevn oxploited using Braggeells included
in both beams (36 M1z in the first beam, 45 M3z in the sccond one). A tobacco simoke
has been used for marking of the flowing air. The dispersed light has been received by a
photomultiplier. ‘The enerent output of the muliplier has huen processed in the TSI 1950C
counl processor.
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The above deseribed artangement makes possifele 1he me asprement of both axial amd
tangential veloeity vertor, The wame mase flow has beow adiusted ding the measnuepent
with tangential entry and with raelial entey as well The Bow pattegn oade the  elindi has
been examined in two levels ot distanee of 15 awd 63 mm wapeetively Frons eylinder head
at vaives srude o PR

{n the Fig. 1 and Fig. 2 the cxamples of the npasmement sesulis with 1adial entiy
are shown. For 15 mw ddistanee the bigh velocity has bivn alnerved at the intake togetlwr
with a high level of fuctuaney, AU G5 mm distance e nctiamy magnitude is smoothied
and a reverse flow originates, ln this wag, it kas e confiemm) than i the aogion of high
volocity graddients the rather high tarbulence feved s roached,

The smne apambignousdy defined artungement has been wsedd for an iatroduecrjona)
computation of flow patterns inside the engine exlinder wsing FLUENT software,
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Thiz rescarch has bion condueted wf the Pepartment of Aatomobits, ECE B Ral 00 -
hiclea as part of e voscnrch projict =intoened aradygoamics af piston mte ranl combustivn
engima™ and hns boen supported by CTU (TO] grant No, 8 28165 and (A CR gronst
No. 101/9.3/0:247.
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FLOW FIELD IN THE INLET PART
OF A STEAM TURBINE

8. Jirkd, J. Hobzik, V. Kiila

CTU, Fac. of Electrical Eug.. Dept. of Mechanics & Materials Scienoe
Technicki 2, 166 27 Peahin 6

Key words: hydicdynamics, aerodynaniies, low fiedd, optinnim val) shape design

This paper dials with the solution of prollems concerning the flow field iu the inlet part
of the low-pressure siage of a steam Wtebine in the Depattuent of Moeclanics and Materials
Science.

As a first step w investigated the influence of the indel case position to the first stage
nozzke on the unifarmity of mass How on inlet 1o the st stage nogade coseade. Research
was performed on cither e three dimensiunal potential flow moded with the nse of electro-
hydrodynamical analogy. or on the wrodynamical model. Experiments dircovered the sep-
aration of flow in the bend of the confuser.

Secondly attention was paid to the optimization of bend shape. The method of axisym-
metrical duct beid design Fomulded on the medification of a hodographic synthesis of the two
dimensional round Hown contour was developed. A fiest optinnum shapes, keeping ordered
grometrical conditions wite found. Expegimnts showed that fow withom separation in the
confuser in not prasible withont a change of the Fist stage cascade position.

In the aest step the bend shape without laniting geometricr] conditions with non-
separated flow wos found. The fouml shape cansl a shift of position of 1he cascade and a
lengthening of the turbine. A compromise was reached where the original visende position
i kept with the concdition that the vaderpressore wall of inled nozzle conliser exceels the
space of the cascade, The shape design was made by the method mentivied above,

The bead shape of duet designed was venfiol by 1he artodynamical model, A mea-
surement of the flow field in the confuser with ot wire ancmometry method wax made, A
single hol-wire probe wis isertedd into a channed through the onutlet section in the plane
of symmetry of the model, at first without considetation of the elfect of guide vanes. The
velocity field wax mapped in o dense grid with approximately 150 measuring points, The
next measnremennl was carrier out with the same armadynamical model, however the effect
of the exit area reduction by tweans of inserting goide vancs wag approximately considered.

The results of both the analytical and experimental solution of Vhe velocity ficld in the
confusor bend are demonsteated in Fig. 1. In patt 4) the potential low velocity profiles in
Gve: selected sections of the duet bend are plotted. The reults of the experimental solution
without Lhe gnide vanes effect in Fig. | b) show that the separation point is situated
behind the point of the maxinuum potential flow vekoeity, The wake region i narrow and
intervenes only in the region of the suderpressuie contour in e vicinity of the exit aren,
Velacity profiles, miensured in the niodel with the substitutional guide vanes, are plotted in
the identical sections in Fig. | ).

Conclusion: wwing Lo the cross - avtion reduction from guide vaues {which also cffects
Lo some degree the upstream flow) the separation of flow was completely eliminated.
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EXPERIMENTAL EQUIPMENT
FOR EHL TRACTION STUDY

M. Hartl, 1. Kfupka

TU. Fac. of Mechanical Eng., Institute of Design
Technicka 2, Brno 616 69

Key words: clastolydiadynamice labrication. traction

In hydrodynamically Inbricated contacts 1he relatively thick lubricating film {about
0,05.10™* 1) develops under eelatively Jow hydrodynamical pressure {about 10° Pa). The
lubricating film behaves ax 8 Newtonian fluid so that the frictional force is proportional
to viscosity al shear rate, and i independent of pressure. In elastohydrodynamically
lubricated contacts between lieavily loaded nou-conforming surfaces the siluation is rather
different. The tubricating film is nmeh thineer {abont 1.10% m) and the pressure is very
high {ahont 10" I"a) so that the changes in properties of the Inbricant with pressure are all
important and the elastic deforntion of the friction snrfaces must be taken into account.

The hehaviour of the lubricating film in these contacts is chasacterized by the distribu-
tion of lubricating filn thickness, pressure in labricating film, surface #tresses, tempetature
in Inbricating lilnt and temperature on the friction surfaces. Besides it is necessary 1o de-
termine chear propertion of nbricant during its passing 1liongh the contact (about 1073 g)
that ape veuy important for the greataess of friction forees.

The ohjective of our 1escarch is experinwntal study of clastohydrodynamic lubricating
flms through experimental methods based on the detection of the clectromaguetic radia-
tion of varions freeuencey {optical imerferometry, infrared radiometry). The use of these
metheds requines realization of the experimental equipment so-called ball-plate machine
with the transparent disc and the bearing ball or shaped roller as contact bodics. The
construction of our experimental equipiaent (Fig.1) ix bared on analysis of more than 30
similar experimment af rigs ased in the world sinee the emd of 60's. All these rigs were based
on the conceplion designel by the team of professor Alastair Cameron rom Department of
Mechanical Engineering, Imprerial College of Science and “Technology London.

Fig, I: Experimental equipment

Tl stuely of this problein has showed necessity of the determination of friction cocl
licients at the same time with other above mentioned paraneters. This coclicient defined
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as the tatio of the ttaction forer generaied in the contact to the normal foree i of primary
smpottance in understanding many lnicated mechaniss Thic i diveetly related 1o the
power and cnergy losse< in real tribology systems (e.p. rolfing heavings. gears and canw).

The one of ways to determine friction coeflicionts is to use the experitiental method
Eaveof o detes b 1o Lo fives e Hoiodon maan Lo PESein sorfaee Tnomod case
this surface is placed on hydrostatic or aerostatic bearings (o minimalize passive rezistances,
We decides) to wse the shaped moller (ogother with it< drive) placed an the opprosed-pad
slideway hydeostatic beating. This arcangement was chesen for ite Bigh stiffoess and vi-
bration resistance. For these teasons our liydrantic circuit (Fig.2) containg the capilinry
resirictor for each of cight pads. These capillary resthctors were designed with possibility
of continuous changes of hydranlic resistance for casy changes in stiftnerses and loading
capacity of the hydroatatic bearing. The inclinatijons of the upper hydrostatic bearing pads
are 10”7 in order that the shaped roller can move only along one axis {in the direetion of
the contact velocity), The teaction force is determine from the weaction foree of hydrostatic
bearing by the strain gauge coupled with the base of the expethmental coqnipeient.
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Fig, ' liydraulic cirenit of hydrstatic heariog

The fnput measwrements with this experimental equipiment have provedd its possibility
1o be used for studying of traction fotces at the same titwe with measprements of the
Tuhrication filn thickness and shape. Our next work will be orientated towards $he study of
iraction propertics of various 1ypes of nbticants and teir non-Newtonian behavionr under
high contact pressures.

This rescarch has been conducted al the Institule of Design as purd of the rescarch
projeet “Eeperimental Modeling of Traction Farces in Blastehydrodynamic Contaets” and
kas been supported by TU grant No. AB/84.



WORKSIOP 95 FLUID MECHANICS

AN EXPERIMENTAL INVESTIGATION
OF PULSATILE FLOW
IN CIRCULAR TUBES
WITH SINGULARITIES

J. Adamec

CTU, Fae. of Mechanical Eng.. Dept. of Fluid Mechaniea & Thermodynamics
Technickd 1. 166 07 Praha 6

Key words: pulsatile flow

The experimental investigation of pulsatile flow of a Newtonian fluid was performed by
the Department of Fluid Mechasics and Thermodynamicl and the Institute of Hydrody-
namics, Acadeing of Sciences of the Caoch Republie,

Models for expetinents wete matafactured by ihe Department of Fluid Mechanics
anid Thermodynaniies and the measurement« performed a1 the Institate of Hydrodynamics.
For pressure Josses measmenient thiee models were used, Two niodels contain a singularity
represented by an axisymoetric sudden expansion and sudden contraction of the cross-section
(Fig.1, detail A). Geometry of the models is different. The third medel is a simple tube of
a constant dinmeter,

The experimental cquipment is installed at the Tastitate of Wydrodynamics. The flow
channel diagram i shown in Fig. .

A S

6L A

N

L3
R LTRLLLLLTS

=Ry =

| 44
[ AT P T e

o=

o bu ST e

Fig. 1: The fow chaone] diageam

28



WORKSIHOP 95 FLUID MECIIANICS

The model is located in a vertieal position, The measaresd pulsatile flow 3 the result of
& saperposition of a stationary low and petiodic oacittitions. N anall water station supplies
a steady flow. A piston with sinusoidal mechanism i the source of pesiodic oscillations. For
these experiments models with a ratio D/L = 90/225 .mm amd /L = 504125 ann were used.
Presanpe Josse wone mensaoed fa varkens Jhbaae s ' IR otial \'.a.‘fu'_: s fratisdan via,

The flow is characterized by the llow ratio A and the frequency parameter oA = Qe / Q.
18 the ratio hotween the maxinwan amplitiede of the oscillatory component of 1he volune
flow rate Qpm ond the corresponding stationary cotupotient ,. Frequency paramieler o =
d[‘?.‘/w/p, where w is circular frequency and » is kinematic viscosity.

The measurentents were performed for two parameters (0045 and 0.9} and for three
stalionary componente of the flow. Q. (3. 5 aml 7 1/min). For example Fig. 2 shows the
dependence of the mean dimensionless loss coufficient ¢ on the frequency parameter a for
@, = 7 l/min.
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Fig. 2: Dependencer of the loss cocfficient ¢ on 1he frequency parsactor a

The ahove presented results con e applinl both in industey and in biomechanics.
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AXIAL FORCE
IN RADIAL TURBINE MACHINES
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The Chair of Compressors, Rehigerating Systenis and Hydranlic Machines of the Fac-
ulty of Meclamical Engineering, Czech ‘Teehnical liniversity, in couperation with the Branch
University Fachhiochschiule Giessen, Germany, studied the problem of axial forces acting ot
the impellers of vadial turbocompressors, Kuowing the magnitude of axial forces is an
important desigh consideration for sizing of the rotor axial hearing, epecially when de-
signing high pressire multistage radial (urbvcompressors. The adm of joint efforts was Lo
develop of a simpler mathematical mode] of the axial force, which would be applicable in a
practical lurbocampressor design procedure. The FH Giessen perfonns above all U aee-
essary laboratory measurements and the Czeel farulty of Mechanical Engineering performs
at the saine fime the corresponding compntations. using the Flueat softsare (2 method of
finile volmmes). The verificotion of calculations performed in 1994 comparmd the results
as obtained by tmeans of the Fluent software with publishied measurement results {sce e.g.
120 Two specimens of the said results ate presented in Figd and 2, Fig.l gives a
comparison of easured and compnted curves of the statie prewiire between the rotating
disk and the static wafl for varions radial flow rates (the mensurements fook place at the
Aachen TII, Germany), Fig.2 presents the graphs of the radial speed component distribu-
tion iu the interstice and of the axial foree value scting on the disk as & fonetion of the flow
tate through the intemtice {the measnrements were perfonned in the Compr