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VELOCITY AND ACCELERATION PROPERTIES 
OF ROBOT-MANIPULATORS 

M . Kargerová 

CTU, Faculty of Mechanical Engineering, Department of Technical Mathematics 
Horská 3, 12tí 00 Praha 2 

Key words : robot-manipulators, velocity operator, acceleration operator 

We shall study the motion of robot-manipulators. We express the axes of a robot-manipulator 
using Pliicker coordinates and we shall calculate the velocity operator and the acceleration operator 
for instantaneous position of robot manipulator. We consider 3-parametrical robot-manipulators 
with only rotational axes and we shall find special properties. 

Let us have the Euclidean space with a system of Cartesian coordinates. Let P = A + их be a 
straight line in £3. Pliicker coordinates X = (x,y) of the straight line P consist of the pair (x,y), 
where x is the unit vector of P and у = Ax. Let r(a) be a matrix of the revolution around the line 
A" = A + их, where a is the angle of revolution. The expression of this revolution is 

where h is an orthogonal matrix and í is a column matrix. The matrix r'(0) can be identified 
with Pliicker coordinates of the axis of revolution r(a) and we have r'(0) = (x,y). • 

Kobot-manipulator with p degrees of freedom is a product of p revolutions around p axes 
A"i,... Xp, which are given by their Pliicker coordinates A',- = (i,-,y,-). The motion of the end-
efrcclor of this robot manipulator is expressed by the matrix g(6i, ...Sp) = ri(6i)..rp(6p), where 
r,(6,) is the matrix of the revolution around A',-. If í,- = í;(í) are functions of time t we obtain one 
parametric motion of tho end-effector fl(ť). Trajectory of a point A of the end-effector is A = g(t)A. 

Let ft be the velocity operator of g(t), Ф be the acceleration operator of g(t). This means that 
i; = ft A, a = ФА, where v is the velocity of the trajectory of Л at Л and a is the acceleration 
of the trajectory of A at X Computation yields ft = g' g~l, Ф = П' + ft2. If we express ft for a 
p-paramctrical robot-manipulator, we obtain ft = £Vii>i, where Vj is the instantaneous position 
of i-th «axis and v,- is the angular velocity of the motion r,(t). For the derivative of ft we have 
ft' = £ Y-Vi + £ Y;dvi/dl. We can split the acceleration operator into three parts. 

Let us consider the Coriollis acceleration for 3-parametric robot-manipulators with rotational 
axes A'i, Л'2, А'з. Let the instantaneous position of these axes be Y\, У2, Уз. Then the Coriollis 
acceleration С is С = KiУги.иг + УгУзигИз + У.Уз".^- bet Vi = {x',y') (etc.). We define (YUY2) = 
x'y" + l/'x" a» a scalar product in 6-dimensional space of Pliicker coordinates. Let us denote Vj 
the vector spare generated by Vj, У2, У3 and Vj be its orthogonal complement. It follows that the 
Corriolis .acceleration has two components: C\ into Vj, Ci into Vj. 

Let us find all 3-paramctrical robot manipulators with the component C\ = 0 at all positions. 
The results are following. 

3-paramctrical robot manipulators with three rotational axes A ' I , A'J , А'З have the component 
G'i of the Corriolis acceleration equal to zero in the following cases: 
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1) The axes Xi, Xi or А'з, X\ coincide. 
2) The axes X\, Aj, Хз are parallel. 
3) The axes A'i, A'j, А'з have a common perpendicular and satisfy f/2Cot£*2 + <1\ cot«i = 0. 

We shall find following quadrallcal surfaces. It is known that Klein's quadralical surface is the 
image of all straight lines of £3. The intersection of the Klein's quadralical surface with Va is a 
hyperboloid, This hyperboloid is connected witii the velocity operator and it is defined by axes V), 
Yj, ^з. We shall call it the velocity quadratical surface, We have similar situation with the Corriolis 
acceleration, We obtain the Corriolis quadratical surface which will be generated by screws Y{Yj, 
Y1Y3, Y\Ya. Let us suppose that the velocity quadratical surface has the equation in the canonical 
basis V[Xx + V2i/y + vazz + W1W2U3 = 0, Then the Corriolis quadratical surface has the equation in 
the same basis (vj + vj)xx + [vi + vs)yy -f- («| + vj)zz + {v\ + Vj){v\ + v3)(vj + «3) = 0. It means 
that the Corriolis quadratical surface and the velocity quadratical surface have the same axes but 
the lenght of these axes arc in general not the same 

References : 

[1] CRAIG, J, K.: Introduction to Robotics, Mechanics and Control, Addison-Wosloy Publishing 
Company, 86 

[2] К AUG Ell, A - NOVÁK, J.: Prostorová kinematika a Lieovy grupy, SNTL 87 

This research has been conducted at the Departement of Technical Mathematics as a part of the 
research project "Kinematics and Robotics" and has not been supported by any grant. 
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DISCRETE n-DIMENSIONAL DYNAMICAL 
SYSTEMS 

J. Gregor, J. Veit 

CTU, Faculty of Electrical Engineering, Department of Mathematics 
Technická 2, 166 27 Praha 6 

Key words: partial difference equations, discrete systems, linear systems 

The essential part of the mathematical description of a linear discrete system is described by 

the equation 

2>(ff,0)*(ff + /?)ey(er) <reA, 13 € В (1) 
where the summation is understood over all elements /J of the finite set 13 and Л,В are subsets of 

the d-dimensional discrete space. 
We continued our previous efforts toward an effective general approach to the solution of the 

equation (1). We considered both the single equation (1) corresponding to the SISO systems and 
the matrix equation with coefficients a forming square matrices. 

One of the topics in our research was the difference equation (1) in the unbounded d-dimensional 
space. If the coefficients fl(ff,/3) are constants (i.e. a(a,/3) = a(/3)), the solution can always 
bo written in the form of a convolution. The most important problem is the expression of the 
fundamental solution and its asymptotic properties. Under some conditions, this solution can 
be expressed by a d-dirnonsional integral, similar to that in the inverse Z-transform, A modified 
form of this representation permits the elimination of the divergence due to one zero-point of the 
denominator. Here, some known formulae have been generalized and it has been proved ([6]) that 
in specified cases, the fundamental solution converges to zero and, in other cases, it increases as a 
logarithm. 

These results have been generalized for the case, when the coefficients a(/3) in (1) are (n,n) 
matrices and the sequences are n-dimensional vector functions. In this case a fundamental solution 
is such a solution of (1), for which the coordinates of the vector function у are either zeros or a Dirac-
function. For a narrower class specified in [C], the n independent vector fundamental functions 
(composing the fundamental matrix) can be expressed in the form of a more complicated integral, 
including the product of a certain matrix and the vector y. The asymptotic properties of this 
integral have been investigated. 

When the coefficients a(ff,/3)are not constant, but are periodical with respect to a, the scalar 
equation (1) can be reduced to a vector equation with constant coefficients and the above mentioned 
results applied [7]. As an application of this theory the investigation of a difference equation for 
values in the knots of a special (e.g.hexagonal) grid, has been investigated. 

In the linear n-D system theory considerable eíTort has been devoted in recent years to so-
called implicit systems. They can be characterized as in the matrix equation (1) with all (or 
some) coefficient matrices singular. The existence and uniqueness problem for the solution of such 
implicit systems, which are discrete analogs of first order partial differential equation has been dealt 
with in [1],[2],[3]. In terms of canonical forms of matrix pairs sufficient conditions for the existence 
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and uniqueness of solution have been formulated for two essentially different types of equations. 
These canonical forms have also been used as tools in proving stability conditions [2],[5]. Studies 
on robustness of solution have also been commenced, 

All the results achieved so far form some of the basic building blocks of a sound general theory 
of linear partial difference equations. 

References: 

[1] GREGOR, J.: On the Singular Fornasini-Marchesini Model of 2-D Discrete Systems, IEEE 
Trans. Autom, Control, Vol. (1992), No. 5 (May), G36-639 

[2] GREGOR, J.: Singular Systems of Partial Difference Equations, Multidim. Syst. Signal 
Proc, Vol. 4,(1993)07-82 

[3] GREGOR., J.: Singular Systems of Partial Difference Equations, Proc.30th IEEE Conf. on 
Decision and Control, Brighton, 1991, 1955-1959 

['!] GREGOR, J.: Functional Transforms in Multidimensional Systems Theory, Proc. 11th 
European Meeting on Cybernetics and System Research, Vienna, 1992, 197 - 204 

[5] GREGOR, J.: Stability of Nonconvolutional n-D Systems, Proc. IFAC Workshop on System 
and Control, Praha, 1992,404-408 

[6] VE1T, J.: Fundamcntalldsung dcr zwcidimensionalcn "'singularen" Diffcrenzcngleichung, 
ZAMM (Zeitschr. f. angwandte Math, unci Mech.) (to appear) 

[7] VEIT J.: Fundamental solution of a n-D difference equation with periodical and matrix 
coefficients, Aequ. Mathematicac (to be published). 

77» is reseat eh has been conducted at the Department of Mathematics as a part of the research 
project "Discrete n-Dimensional Dynamical Systems" and has been supiiorted by CTU grant No. 
8035. 
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SOME QUALITATIVE FEATURES 
OF MATHEMATICAL MODELS 

IN HYDRODYNAMICS 
J. Benda, S. Kračmar, Š. Matušů, J. Neustupa 

CTU, Faculty of Mechanical Engineering, Department of Technical Mathematics 
Karlovo nám. 13, 121 35 Praha 2 

Key words: fluid mechanics, Navier-Stokes equations, stability, variational inequalities, numerical 
analysis 

We present a brief survey of results which were achieved by the authors in the domain of 
qualitative properties of mathematical models of viscous and nonviscous fluid motion. 

Let us start with motion of viscous incompressible fluid. It is possible to find a large amount of 
qualitative results about boundary or mixed problems for the Navicr-Stokcs equations if boundary 
conditions of the Dirichlet type arc prescribed. Hut these conditions are not natural from the 
physical point of view for example on the output of a channel. Combined boundary conditions 
which involve normal derivatives of velocity components as well as pressure are much more natural 
hero. Unfortunately, the qualitative results are mostly missing in this case, except others the global 
in time existence of weak solutions has not been investigated yet. Methods which are usually applied 
to the Dirichlet type problems cannot be used here, the reason is obvious: Eventual backward flows 
on the supposed output of the channel cannot be excluded and it is theoretically possible that these 
flows bring more kinetic energy back than is its amount which is leaving the channel on other places. 
This can mean an uncontrolled increase of energy in the channel and the nonvalidity of energy 
type estimates. In order to avoid this situation and to simulate mechanisms which in fact do not 
allow the backward flows to be too large in the nature, we use one more condition which restrict!, 
those flows. This approach leads to a certain variational inequality of the Navier-Stokes type (see 
[2]). We have proved the solvability in a weak sense of this inequality in a steady and a nonsteady 
case and the uniqueness of solutions for small Reynolds numbers in the steady case. 

Let us mention some problems of motion of viscous compressible fluids now. Although the 
Navier-Stokes equations are supposed to be a good mathematical model for such fluids, there is 
nothing known for example about the global in time existence of their weak solutions for arbitrary 
initial data. Difficulties are caused for instance by the fact that there are not known sufficient 
estimates of density from above. In order to model a physical reality where the density cannot 
increase over all bounds, we have used equations with a so called artificial viscosity. It is possible 
to prescribe a value so that the artificial viscosity is acting only on those parts of a flow field where 
the density is greater than this value. We have proved the global in time weak solvability of the 
mentioned equations (see [5]). 

In last several years, so called multipolar fluids are studied. The theory of multipolar fluids was 
developed especially by J.Nečas and M.Šilhavý. The stress tensor is assumed to depend not only on 
first derivatives of velocity components with respect to space variables, but also on derivatives of 
higher order. It leads to the appearance of the higher derivatives of velocity in a "viscous part" of 
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the Navier-Stokcs equations and therefore to better apriori estimates. We have proved the existence 
of solutions in the case of isothermic bipolar newtonian fluid and tripolar nonnewtonian fluid. In 
a limit case, when higher polarities are vanishing, we obtain a measure-valued solution (see [3] 
and (4j). The measure-valued solutions represent quite a natural concept of solutions from the 
mechanical point of view and we have studied them also in [6], where we have proved their global 
in time existence in the barotropic case for viscous and nonviscons fluid. 

The transition to turbulence is closely connected with stability of solutions of the Navier-
Stokes equations. We have shown the correctness of principle of linearization in the theory of 
uniform asymptotic stability of the compressible Navicr-Stokes equations in an isothermic case. 
The stability is investigated in norms of spaces ofllolder-continuous functions (see [7]). 

Finally, let us mention our contribution to the theory of inviscid flows. Using a mathematical 
description of the inviscid compressible fluid flow by Euler equations, two typical problems of 
inner aerodynamics were investigated. Existence and uniqueness of a weak solution was proved for 
a subsonic flow in a channel and through a plane cascade by means of the method of monotone 
operators. The convergence of finite clement approximations was also proved (see [1]) and numerical 
results were obtained for the subsonic flow in some cascades used in a technical practice. 

References : 

[1] DENDA J.: Some Asjiects of Solution of Plane Nonvortex Ideal Fluid Flow, to appear in 
ZAMM 
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[3] MATUŠU §.: Global Solution to the Isothermal Compressible Dipolar Fluid in a Finite 
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NUMERICAL SOLUTION OF 2D EULER AND 
NAVIER-STOKES EQUATIONS 

J. Fořt, Т. Hůlek, K. Kozel, M. Vavřincova 

CTU, Faculty of Mechanical Engineering, Department of Technical Mathematics 
Karlovo nám. 13, 121 35 Praha 2 

Key words: Euler equations, Navier-Stokes equations, numerical simulation 

The work deals with several numerical methods of solution of system of Eulcr and Navier-Stokes 
equations for compressible fluid flows. 

We present 
a) Simulation of steady transonic flows in a special 2D channel for increasing Mi (Euler equa

tions). 
b) Simulation of unsteady transonic flows through a 2D cascade SE 1050 (turbine type) caused 

by a change of downstream pressure (Eulcr equations). 
c) Comparison of unsteady numerical results b) achieved by 
two methods: 

- Mac Cormack finite volume cell centered scheme 
- Ni finite volume cell vertex scheme. 

d) Numerical solution of Navier-Stokes equations simulating flows over NACA 0012 with M = 2. 
e) Numerical simulation of some case of unsteady flows over NACA 0012 using mathematical 

model of Navier-Stokes equations. 
Some numerical result are compared also to other numerical solution. 
The numerical methods arc based on Mac Cormack finite volume scheme (cell centered), Ni finite 

volume scheme (cell vertex) and multistage Runge-Kutta Finite volume scheme _(cell centered). 

This research has been conducted at the Department of Technical Mathematics and has been 
supported by CTU grant No 8017, 1992 

17 





CTU PRAGUE WORKSHOP 93 - MATHEMATICS 

NUMERICAL SOLUTION OF CONSTRICTED 
PULSATIONS 

P. Burda 

CTU, Faculty of Mechanical Engineering, Department of Technical Mathematics, 
Karlovo náměstí 13, 12135 Praha 2 

Key words: Navier-Stokcs equations, incompressible fluid, pulsations, projection method 

The paper deals with numerical processing, of pulsatile flow of incompressible Newtonian fluid 
in a circular tube in the vicinity of an axisymmctric constriction. Mathematical model is given by 
the Navicr Stokes equations and by the continuity equation. 

Numerical solution of non-steady Navicr-Stokcs equations for Newtonian fluid has been the 
subject of a series of recent papers. Relevant references are mentioned in [2]. In our approach we 
use a variant of semiimplicit scheme to solve the pulsatile flow. Some res-its were published in 
[l] and detailed description of the method and further series of results are contained in [2]. As 
concerns convergence, we refer to a very recent papers by R. Rannacher [6] and J. Shen [7]. 

Mathematically, the problem is governed by the Navier-Stokes equation 

f%- + (V-V)V = --gTAdp+i>AV (1) 
at Q 

where V is the velocity vector, p is the pressure, Q the density, v is the coefficient of kinematic 
viscosity, ť is time, and by the continuity equation 

div V = 0 (2) 
With regard to the axial symmetry, the problem is solved on a 2-dimcnsionaI domain П , using 

cylindrical coordinates r,z, where the line r = 0 is the axis of symmetry. The velocity vector V 
has the components u,v, i.e. \ ' = (u, v), и being the axial component and v the radial one. 

The boundary conditions for the velocity components are homogeneous Dirichlet on the walls 
and pulsating functions on the inlet and outlet 

и / г а иг 3 =/«( г ' 0 (3) 
where /](r, t) is a pulsating function of the form 

^^^-(iY-ik^^-^ (4) 

In fact, in our approach, the initial boundary value problem has two phases. First is a developing 
flow starting from the initial condition V/,_0 = 0 with modified boundary condition (3). Second 
phase is the real pulsatile flow governed by (4). Details in [2]. 

The time discretization is done by the scheme 
yn _ yn 
- = (-vn-V)Vn + i> AVn 

Дрп+1 = £ V V" 

V""" = vn - - grád pn + 1 

Q 

Space discretization is done by a variant of MAC method, cf. [3]. 
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Some numerical results were presented in (1), [2], [3], [4J, [5]. On the Fig. 1 we show the developing 
process of the pulsatile flow. First wee show the velocity vector field in the starting period at 270°. 
It can be seen that here the fluid goes back. Then the situation after one time period is shown. 
Behind the obstackle a vortex can be seen. After 2 other periods (lowest part of the Fig. 1) the 
vortex is more distant from the obstacle. 

OoloclW f i e l d u c e f o i s PERIOD:!!. WtfBC*Z?0 ilea I» 4 .?B i s ) 5СП1Е Z x 

Uclactty f ie ld gec tors PERIOD:!. Pllf)SE=2?0 tScj 1= О-.Эа Cil SCRLC Z x 

: : : : : : : i : : : : : : : : !?#Ш' : • • • M i I 
: : : : : : : : : : : : : : : : !<">«• *-'- - - - - -

• * * - - • ' * * " * " l " Ч Ч У ^ ' * * 1 " I 1 -

Uclnclt'J f i e ld u c e t o i s PCRIO0:3. PIMSE=Z7l! deg 1 = 2 1 . 4 1 ( s i SCALE 2 x 

Fig. 1: Velocity vector field at ť=4.28 sec, 9.99 sec. and 21.41 sec. 
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intervals, inflection points 

This paper intends to suggest a procedure how to solve the problem of function investigation 
using symbolic math software MATHEMATICA (Wolfram Research Inc., USA) and gathers neces
sary operations. Operational commands presented are identical in all MATHEMATICA versions. 

Wanting to minimise the size of the paper 1 do not present all computer Output's, but only 
necessary Input's commands. 
ANALYSING F U N C T I O N . 
Let us investigate a function that may be 
without computer assistance already un
pleasant to analyse. 
Traditional approach usually aims to accom
plish the graph of a function. Computer 
starts with graphing the function. 
Kefining the graphical description of the 
function on specific intervals (with arbitrary 
accuracy). Changing the range. 
Determining the exact location of the verti
cal asymptote and definition domains. This 
assigns the denominator of the function to d. 
The vertical assymptotes occur only at the 
zeros of the denominator. 

Assigning numerator of the function to n. 

This operation gives the quotient of n divided 
by d without the remainder. 
Checking that this is a slant asymptote. 

Seeking the x-intercepts (using different com
mands). 

Identifying y-intercepts. 

Determining the first derivative. 

Simplifying the (recent) expression. 

Capturing the numerator for critical points 
and extrema identification. 
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In[l]:= 
f[x] := (2x-4+7x-3+7x-2+2x)/(x-3-x+51) 

In[2] := Plot [fix], {x,-6,2}] 
Out[2j = -Graphics-

ln[3]:= Plot [fix], {x,-2.2,l}, PlotRange - > 
{-0.02,0.015}] 

Oul[3] = -Graphics-
/пД/ := d = Denominator[f[x]] 
Out[4] = 51 - x + x3 

In[5] := NRoots[d = = 0,x] 
Out[5] = x = = -3.7983 || x = = 1.89915 

- 3.13374 I || x = = 1.89915 + 3.13374 I 
In[6] := n = Numerator[f[x]] 
Out[6] = 2 x + 7x 2 + 7 x 3 + 2x 4 

/n/7/ := PolynomialQuotientfn, d, x] 
Oul[7) = 7 + 2 x 
In[8):= Plot[ {7+2x,f[x]}, {x,-8,-3.7}] 
Out[8] = -Graphics-
In[9] := Solve[f[x] = = 0] 
Out[9j = {{x - > 0}, {x - > - 1 } , {x -> - 2 } , 

{х->-(Ш 
In[W] := Щ Out[W] = 0 

In[ll]:=V[x) 
In[12) := Together[%] 

fc[13) := Numerator[%] 
Oul[13] = 102+714x+1064x2+390x3-13 x4+2x e 
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Nullifying numerator and getting thus crit
ical point.s. (Only (4) real zoros are for us 
"interesting"). 

The second derivative test. (Even without 
seeing f"[x] we substitute critical points into 
f"[xj and doing thus extrema classification: 
two negatives prove relative maxima, etc.) 
Graphing f'[x] for monotonicity analysis. 
Getting functional values at critical points. 

Now we do see the second derivative and its 
values at critical points: two maxima, two 
minima. Compare with the graph. 
Determining and simplifying the second 
derivative f"[x]. 

Getting points of inflection. 

In[14] := N[Solve[p == 0]] 
0\ф4] = {{х -> -5.17853}, {x - > -1.67558}, 

{x-> -0.765879}, {x -> -0.195927}, 
{x-> 3.90796-4.888461}, 
{x-> 3.90796 + 4.888461}} 

InllS] := f"[x]/. % 
Out[15] = 

{-2.3981, 0.225682, -0.0794808, 0.130662, 
1.16305 + 1.0915 1,1.16305 - 1.0915 1} 

In[16] := Plot[f'[x], x-2.45,0.5] 
/n//7/:=f[x]/.Out[l4] 
Out[n) = 

{-7.78245, -0.0179991, 0.00229305, -0.0033766, 
17.9512 - 12.2649 I, 17.9512 + 12.2649 1} 

In(ISJ := f"[x]/.Out[14] 
Outfl8j = {-2.39801, 0.225682, -0.0794808, 
0.130662, 1.16305 + 1.0915 I, 1.16305 - 1.0915 1} 
In[19] := f"[x] ln[20] := Together[%] 
Out[20] = (6 (6103 + 18207 x + 9843 x2 - 1102 x3 

- 705 x4 - 93 x5 + 3 x6 )) / (51 - x + x3 )3 

In[21] := N[Solve[Numerator[%] == 0]] 
Out[21] = {{x -> -4.07775 - 3.16177 I}, 

{x -> -4.07775 + 3.16177 I}, 
{x-> -1.319G5}, {x-> -0.447351}, 
{x -> -3.45434}, {x - > -37.4682}} 

Graphing f"[x] for concavity and points of in
flection. 
CONCLUSIONS: 
Def. domain: 
Vertical asymptote: 
Slant asymptote: 
x - intercepts: 
у - intercepts: 

Critical points: 
-5.17853 Оиф4] 
-1.07558 Оиф4] 
-0.765879 Оиф4] 
-0.195927 Оиф4] 

х 6 {( -оо, -3.7983] 
х = -3.7983 
У = 2х + 7 
х = 0, - 1 , -2, -1/2 
х = 0 

Г'[х] 
- Оиф8] 
+ Оиф8] 
- Out[18] 
+ Оиф8] 

1п[22] := 
Out[22] •• 

: Plot[f"[x], {x, -2.5,18}] 
= -Graphics-

) U (-3.7983, оо )} see Out [5] 
see Out [5] 
see Out [7] 
see Out [2,9] 
see Out [10] 

classification 
relative MAXIMUM 
relative MINIMUM 
relative MAXIMUM 
relative MINIMUM 

Increasing: (-oo, -5.17853) U (-1.67558, -0.765879) U (-0.195927,oo) Out [2,14,16] 
Decreasing: (-5.17853, -3.7983) U (-3.7983,-1.67558) U (-0.765879, -0.195927,oo) Out [2,14,16] 
Inflection points: x = -1.31965; -0.447351 Out [21] 
Concavity up: (-oo, -3.7983) U (-1.31965, -0.447351) Out [2,21,22] 
Concavity down: (-3.7983, -1.31965) U (-0.447351, oo) Out [2,21,22] 

This research has been conducted at the Department of Technical Mathematics a» a part of 
TEMPUS project and has not been supported by any CTU grant. 
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NONCOMMUTATIVE PROBABILITY THEORY 
AND ITS APPLICATIONS 

V, Rogalewicz 

CTU, Faculty of Electrical Engineering, Department of Mathematics 

Technická 2, 166 27 Praha 6 

Key words: noncommutative probabilistic models, quantum logic, Boolean algebra, measure 
theory 

The generally accepted probabilistic model, duo to Kolmogorov, is based on the Boolean struc
ture of the underlying set of events. Thus, by this assumption, any two events in an experiment 
can be observed simultaneously, and the result can be interpreted in three disjunct classes: what 
is common to both events, and what occurs only in the first, resp. in the second, event. This 
assumption fails in many actual situations. The result of an experiment is often influenced by 
experimental conditions so complexly that this influence cannot be removed by any additional 
computation. For instance, in IQ tests people learn something more from each undergoing test -
thus the results of two tests, which were filled in by the same person in different days, cannot be 
simply compared. 

A generalized (noncommutative) probability theory arises naturally from an attempt to for
mulate a stochastic model for quantum mechanics. One soon finds that the probability theory of 
Kolmogorov is inadequate for the description of a quantum mechanical system mainly because the 
quantum mechanical events do not form a ll-algebra of subsets of a set (the Boolean structure). 
Instead, they have a much less richly endowed algebraic structure called a "quantum logic". 

The axioms for the noncommutative probability theory were formulated about sixty years ago. 
The interest in this system has been revived in the sixtieth. Mackcy used it in his lectures to 
describe both classical and quantum mechanics by the same mathematical means. During sixtieth 
and seventieth, fundamental results for noncommutative probability theory were developed. It was 
proved that this model is more appropriate than the classical one in many applications, e.g. in 
psychology, sociology, biology, pattern recognition. However, a full application is still limited by 
a series of open problems. These questions are considered topical and investigated by many world 
research centers. 

The research in the Department of Mathematics, Faculty of Electrical Engineering of CTU 
has been focused at several significant problems. The very construction of examples (and coun
terexamples) in the theory appeared to be a difficult task. Next to classical examples (Boolean 
algebras and logics of projections in a Hilbert space), further methods are based on combinatorics. 
A simply applicable combinatorial method was developed by Greechie [1]. However, his method 
has strong limitations, and the examples generated by this method cannot satisfy some important 
requirements. We presented a much generalized method, which enables to start not only from 
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Boolean algebras (blocks), but from specific prefabricated simpler models, and to "paste" them 

together [2,3,7,9]. 

Further, we answered the Gudder's question concerning the uniqueness of observables [5]. At 

the same time we investigated the influence of various conditions on state space [4]; these results are 

important in description of varieties of orthomodular lattices relatdd to states. An important role 

is also given to tho so-called Jauch-Piron states. A structure possessing a unital set of Jauch-Piron 

states (a usual assumption) cannot be "too small" [8]. 

We investigated topological orthomodular posots [6], partially additive states [10], and other 

notions. An international prestige in this field has been confirmed by the fact that Prague has been 

chosen for the next biannual meeting (and tho scientific conference) of the International Quantum 

Structures Association , and the author of this contribution has been appointed a member of the 

organizing committee. 

References : 

[1] G11EEC1IIE, R.J.: Orthomodular lattices admitting no states, J . Comb. Theory, 1971, 10, 

119-132 

[2] NAVARA, M. - ROGALEWICZ, V.: Construction of orthomodular lattices with given state 

spices, Demonstrate Math., 1988, 21, 481-493 

[3] NAVAUA, M. - ROGALEWICZ, V.: The jmsting constructions for orthomodnlar posets, 

Math. Nachrichten, 1991,154,157-168 

[4] PTÁK, P. - ltOGALEWICZ, V.: Measures on orlhomodular partially ordered sets, .1. Pure 

Appl. Algebra, 1983, 28, 75-80 

[5] PTÁK, P. - IlOGALEWICZ, V.: Regularly full logics and the uniqueness problem for ob

servable*, Ann. Inst. H. Poincarc, 1983, 38, 09-74 

[G] PULMANNOVÁ, S. - ROGALEWICZ, V.: Orthomodular lattices with almost orthogonal 

sets of atoms, Comment. Math. Univ. Carolinac, 1991,32,423-429 

[7] ROGALEWICZ, V.: Any orthomodular poset is a pasting of Boolean algebras, Comment. 

Math. Univ. Carolinae, 1988, 29, 557-558 

[8] ROGALEWICZ, V.: Jauch-Piron logics with finiteness conditions, Int. J. Theor. Physics, 

1991,30,437-445 

[9] ROGALEWICZ, V.: What does pasting manage in OMPs? Proc. Conf. "Quantum Struc

tures 92", Castiglioiicello (Livomo), 1992 

[10] TKADLEC, J-: Partially additive slates on orthomodular posets, Colloquium Math., 1991, 

02,7-14 

This research has been conducted at the Department of Mathematics of the Faculty of Electrical 
Engineering as a part of the research project "Mathematical Methods of Quantum Theories" and 
has not been supported by any grant. 



CTU PRAGUE WORKSHOP 93 - MATHEMATICS 

VON NEUMANN ALGEBRAS AND 
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Key words: states on operator algebras, vector measures 

The theory of operator algebras founded by J.von Neumann (1929) deals with operators on 

Hilbert spaces. As motivating examples can be taken the spectral theorem for self-adjoint operators 

or the Ricsz integral representation of positive functional on a space of continuous functions. 

Applications of this theory range from groups of representations to the quantum field theory and 

foundations of quantum physics. 

Our recent research in this rapidly developing discipline is focused on the properties of states on 

a von Neumann algebra A and on vector measures on its projection lattice P(A). (For the lattice 

theoretical background see [6].) Let us summarize a few main results. 

In papers [3],[4],[7], orthogonal vector measures are studied. (Measures of that kind can be 

viewed as stochastic processes indexed by P(A).) We succeeded in proving that every orthogonal 

vector measure on a type I factor with values in a separable Hilbert space has to be completely 

additive. Moreover, we showed that such measures determine the dimension of the underlying 

Hilbert space [A]. These results allow us to describe orthogonal vector mccisures in terms of homo-

nmrphisms, and simultaneously improve the classical Wigner theorem on automorphism groups of 

quantum systems. Further, it is proved in [4] that every finite measure on type I factor can be 

represented in a natural way by an orthogonal vector measure in a "minimal" Hilbert space. It 

provides a simplification of hitherto known formulae for quantum transition probabilities. 

Recently, we have investigated such properties of states on von Neumann algebras, which are 

automaticly fulfilled within commutative setting. (This research has been carried out in coopera

tion with the circle from Department of Mathematics of Reading University (GB).) The key role in 

this investigation is performed by Jauch-Piron states (the only states with physical interpretation), 

extensively studied in literature. (A state of A is called Jauch-Piron if its null set form an ideal 

in P(A).) Striking result in this direction is the fact that a pure state of A is Jauch-Piron if and 

only if it is countably additive [1], [5]. Moreover, all Jauch-Piron states have been characterized 

in terms of regularity (thereby, a final measure theoretical explanation of Jauch-Piron property is 

provided), [1]. As a consequence, 0-1 states on von Neumann algebras (hidden variables in termi

nology of quantum theory) have been described. Finally, we have investigated the subadditivity of 

measures on P(A). It turns out, perhaps uncxpectably, that a semifinite weight on a von Neumann 

algebra is a trace if and only if it induces a subadditive measure on the projection lattice (this 

result is valid also for JW-algebras). It provides a new type of characterization of traces, which 

has applications in the structure theory of von Neumann algebras, [2]. 
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The orthomodular law - «as first pointed out by Birkhoff and von Neumann (1936) in their 
celebrated work - plays an important role in the mathematical description of "noncompatible" 
phenomena. The ortlioinodular law usually replaces the distributivity law in the axiomatics. For 
instance, quantum mechanical experiments, certain measurement models, "soft" sciences investi
gations (e.g. In psychology, sociology, etc.) are often associated with an orthomodular structure, 
This structure (called sometimes a "logic") allows to understand the behaviour of the events better 
and, also, to make predictions on the behaviour in the future. 

Mathematical questions studied in the theory of orthomodular structures always depend upon 
the character of the area where the solutions of the questions are likely to be applied. The 
intrinsic noncompatibility problems lead to algebraic investigations, the questions of interactions 
of systems lead to functional analysis, the questions of states lead to measure theory, stochastic 
questions require to develop noncommutative measure theory, etc. The theory of orthomodular 
structures today overlaps with several fields of pure mathematics and, being interdisciplinary, with 
branches of applied mathematics and theoretical physics. Though having been about 70 years 
old, the orthomodular structure theory contains significant open problems which challenge both 
mathematicians and theoretical physicists. 

In 1982 a group of members of the Department of Mathematics, Czech Technical University 
(directed by the author of this contribution) started serious investigation of orthomodular struc
tures. Ну now, they succeeded in solving a few essential open problems in this area, they have 
published over 120 research papers (mostly in foreign journals) and a monograph (Kluwer 1991). 
The international reputation of the group is considerably high which confirms the appointment 
of a representative of the group in the Council of "The International Quantum Structure Associ-
ation"< The research in this area has a promising perspective in view of the state of the theory, 
considerable research activity of this group (see a sample of publications below) and the general 
mathematical expertise of members of the group. 
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Key words: radiation defects, semiconductor devices, lifetime control 

F.ist light ion irradiation has become a powerful tool for local lifetime tailoring in high-power 
semiconductor devices [1], [G]. This is because a superior trade-ofT curve of forward voltage drop 
versus turn-off time can be found. Unfortunately, up to this time only experimental methods have 
been available to optimize both the implantation energy and dose [7]. This is because the device 
simulation exploited only a structured lifetime profile [4], a simple recombination model, and there 
was no connection between the parameters of irradiation and lifetime. 

The above-mentioned drawbacks have been eliminated by means of a now accurate simulation 
system, recently developed, which is presented in [7]. For the first time, the behaviour of devices 
subjected to low-dose high-energy irradiation has been demonstrated closely to that of actual 
operation [5]. 

The system consists of the chain of simulation procedures modelling particular physical processes 
which occur in irradiated semiconductor structure. Fast-ion irradiation and generation of primary 
defects are simulated by ion-implantation Monte-Carlo simulation code TRIM-90. An expert 
system simulates the process of secondary defect generation and assigns the appropriate deep 

Tóó sóó 3ÓÓ 4'ĎO é ů ó ' 6ÓÓ' 
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level to each defect created. It is based on an extensive set of electro-physical measurements 
which we have performed on irradiated silicon [2,3] ( H+ and He+ implanted ultra-shallow test 
p+n diode structures ). Depending on the scope of our database, various parameters such as ion 
species, irradiation dose, dose rate, irradiation temperature, and annealing conditions might be 

31 

http://CZ.fi


CTU PRAGUE WORKSHOP 93 - PHYSICAL ELECTRONICS & OPTICS 

assumed for different target materials. Each deep level created is characterised by its emission 
and capture coefficients, charge state, and concentration profile. These parameters enter into a 
1-D device simulator to simulate the performance of the irradiated device. The simulator specially 
developed for this purpose includes improved models of thermal generation/recombination based 
on Shockloy-Rcad-Hall statistics, and a complete solution of trap-dynamic equations for these 
cases: n independent single-charged traps, two interacting single charged traps, and n independent 
multiple-charged traps [8]. This makes it possible to provide the crucial process characteristics. 
The typical output of the simulator presented is shown in the figure enclosed where the sum of 
electrons and holes injected into a GTO-thyristor is drawn for different irradiation doses of 5 MeV 
He2+. The profile of generated vacancies is shown as well. 

Future activities will be focused on the enlargement of the database discussed, ultra-energetical 
irradiation of test structures, and devices in order to introduce this technology into practice. 
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Some types of photorefractive nonlinear materials which exhibit strong optical nonlincarity at 
low laser powers were studied both theoretically and experimentally. Application possibility was 
proved with dynamic interferometry. The high-efficiency diffraction relief gratings were studied 
and methods of manufacture were subrnited. 

The photorefractive effect of nonlinear materials has now proved to be invaluable for new 
techniques in interferometry, phase conjugation, locking of laser diodes, image processing, and 
image amplification. It is expected that photorefractive materials will play a major role in massively 
interconnected neural-network architectures. 

The research of photorefractive materials was concentrated on the sillcnite group of crystals 
(1KI0, HSO, НТО) and mainly on HaTi03 as a material which exhibits strong optical nonlinearity 
at low laser power. 

A theoretical description of the two wave mixing in the sillenite photorefractive materials was 
made. The physical model includes not only electro-optics effect and natural optical activity but 
we also take into consideration the piesoelectic effect and photoclastic properties of the medium 
and influence of external electric field. 

Diffraction gratings in the photorefractive cubic crystals ВТО (Ш^ТЮго) are usually studied 
in canonical geometry with grating vector К || [100]. We show that orientation with К || [111] can be 
more effective for grating writing. Wc studied theoretically and experimentally the energy exchange 
during formation of the dynamic reflection gratings in BTO with application to dynamic interfer
ometry. The gain coefficient 3.1 cm"1 with He-Nc laser was obtained. Utilizing those properties of 
НТО the dynamic holographic interferometr was realised. These types of real-time interferometry 
could be very important for industrial application. (This research was performed in cooperation 
with the Institute of Physics, Ukrainian Academy of Science, Kiev). 

The previous research, using photorefractive Ва'ПОз, has been carried out mainly in the visible 
spectrum where crystal response has tended to be most efficient. However, with the availability 
of diode lasers operating at near infrared region, attention has fixed on this interesting spectral 
region, where there are a variety of important applications (image processing, image amplification, 
dynamic optical elements, locking of laser diodes, etc.). The photorefractive effects in НаТЮз are 
affected by different dopands (Cr, Mg, Fe) and technology of preparing of crystals. The study of 
behaviour of these crystals in the two wave mixing (TVVM) and self-pumped phase conjugation 
(Sl'PC) processes have been investigated at the present time. The measurement of doped and 
undopcd UaTi0 3 was performed in the region 720-ř 835 nm on Ti-sapphirc laser pumped by 
5\V Ar laser (it was realized in cooperation with the University of Southampton). The SPPC 
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reflection with respect to wavelength, beam position on the entrance face, angle of incident, and 
laser input power was systematically studied. Nearly 65% SPPC reflection was achieved at tmdoped 
crystal in this spectral region, but SPPC cut off was found for wavelengths higher then 800 iim. 
Nearly constant SPPC reflectivity dcpcndancc on the laser power was observed over the range 
37 to 85 mVV. The comparison with doped ВаТЮз crystals shows difercnt behaviour for longer 
wavelengths: dopped crystals are very efficient till 1064 nm. 

In the field of holographic stable elements the research was directed to the study of a high-
cfRciency diffractive relief structure, the study of optical and computer methods making. Spatial 
filtering and convolution methods for making blazed holograms from binary computer holograms 
were suggested. 

The high angle selective diflractive system was designed and theoretically studied. The heart of 
the matter consists in coherent coupling of several separated diffraction holographic gratings. The 
idea was experimentally verified and shown to be interesting in applications (direction finder, soft 
aperture). 
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SHALLOW DIFFUSED OPTICAL WAVEGUIDES: 
FABRICATION AND TESTING 

J . Schrofel*, J. Hradilová**, Т. Hone*, P. Novák*, Z. Burian* 

*CTU, Faculty of Electrical Eng., Department of Microelectronics, Technická 2, 166 27 Praha 6 
••Prague Institute of Chemical Technology, Department of Inorganic Chemistry, Technická 5, 

166 28 Praha 6 

Key words: integrated optics, planar waveguides, ion exchange, proton exchange, glass, lithium 
niobáte 

Optical waveguides with planar geometry fabricated in dielectric and semiconductor substrates 
have basic importance for the realization of various waveguide structures for the distribution and 
harnessing of optical radiation in the wavelength range from 0.85 to 1.35 /im, which are useful
ly applicable in novel communication and sensor systems and various measuring arrangempnts. 
Ion-exchange in glass, titanium diffusion from thin film in LiNM^and so-called proton-exchange 
in MNbOaappear to be the most suitable materials-technological variants for fabrication such 
waveguides [1], [2]. Nevertheless there still remain some open technical and technological problems 
concerning the fabrication of the.waveguides based on the above-mentioned methods. In the first 
case the effective fabrication of mono-mode channel waveguides in glass has not been realized till 
the present time. What concerns LiNbOawaveguides: the main problem here which is connect
ed with the titanium difTusion method is a poor reproducibility of parameters, and the problem 
conccted with proton-exchange is that this method is still in fact in a stage of development. 

Waveguides prepared by ion-exchange in glass 
Only the Tl+ < - > Na+ exchanged waveguides arc now commercially available, the results of 

other ion-exchange reactions are almost confusing and sometimes contradictory. 
With regards to toxicity of thalium compounds as well as rather high price of cesium compounds, 

our attention was focused to the research of K+ < — > Na+ and Ag+ < — > Na+ waveguides. 
Melt mixtures of KN0a/NaNO3 and AgNOe/NaNOa respectively were used as a source of K+ 

and Ag+ ions. The choice of various combinations of melt composition and substrate glass com
position arose from the solution of maximum refractive index increment on the substrate surface. 
This solution is based on the so called "additive influence principle" of the individual components 
on the resulting parameters of> glass. In this stage our research was primarily directed toward 
searching relations between experimental conditions and geometrical as well as optical parameters 
of waveguides supporting several modes. This point makes possible to use the mode spectroscopy 
method. Experimental results have shown that at appropriate experimental conditions and with 
the application of special types of glass (i.e. GIL) it is possible to prepare one-depth-mode planar 
waveguides with relatively small optical loss ( < 0.5 dB/cm). We can also see from these results 
that the creation of channel mono-mode waveguides (what concerns width and depth), using the 
above-mentioned ion-exchange process, a slot mask and perhaps also a multistage field assisted dif
fusion process, is rather difficult. One of the main practical problems is a relatively high difference 
of diffusion coefficients in tangential and perpendicular directions to the substrate surface. 

One of the possible methods of compensation for diffusion of coefficient differences is the ap
plication of auxiliary "barrier" waveguides at a small distance parallel to the required functioning 
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waveguide. Total elimination of abnormal tangential diffusion has been also tried providing direct 
restriction of lateral dimensions by plasma etching. 

Waveguides prepared by diffusion in LiNb03 
With respect to our former research of LiNbOe: Ti waveguides, our attention has been pref

erentially devoted to the preparation and study of properties of waveguides based on H + < — > 
Li+ ion-exchange in LiNb03. This work focused on two subjects: (1) verification of the basic 
preparation conditions in benzoic acid as well as attainable properties of several-mode waveguides 
made from the same medium and (2) searching for alternative more advantageous proton sources 
for several preparations and for future mono-mode channel waveguides. Optical microscopy, IR 
spectroscopy and mode spectroscopy have been used as fundamental methods for determination 
of properties of the prepared waveguides. 

Concerning preparation of planar waveguides where benzoic acid was used as a proton source, 
our work tends primarily to study the relations between technological conditions and properties of 
the waveguides in LiNbOaSubstrates with different crystallographic orientations (X, Y, Z cuts). In 
the frame of this work the following results have been obtained: (1) a strong surface damage of the 
Y cuts substrates occur when pure benzoic acid is used, (2) this damage is substantially lowered 
with the addition of lithium benzoate (up to 5 mol% ), (3) process of the additional annealing of 
the diffusion layers is the key factor from the point of view of the waveguides' resulting parameters. 

The research of other proton sources focused primarily on adipid acid, which from various 
points of view appears to be the most advantageous one. It was found during this work that the 
common features of the proton-exchange process in adipid acid are similar to the exchange processes 
in benzoic acid. Moreover, the basic qualities of several-mode waveguides prepared this way in 
LiNb03Substrates with X and Y cuts are at least as good as that of the waveguides prepared in 
benzoic acid. From the application point of view it is important that the proton-exchange process 
in adipid acid is highly reproducible and that the prepared waveguides exhibit small optical loss 
(comparable with LiNbOa: Ti waveguides). 
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In this paper we demonstrate the operation of a feedback stabilised quadrature phase-shifted 
extrinsic Fabry-Perot (FP) fibre-optic sensor for the remote detection of the amplitude and the 
relative phase of subnanometer vibrations and displacements. The surface of a measured object 
facing at a short distance the end of single-mode fibre, acts as a reflector, thereby creating an 
air gap that acts as a Fabry-Perot cavity. A theoretical description of the sensor is given, and its 
operation is described. The resolution order of 10-11 m in vibration amplitude measurement was 
obtained. 

The construction of the extrinsic FP is shown in Fig. 1. A single-mode fibre end-face and the 
surface of object form a low finesse FP cavity. The Fresnel reflection from the fibre-air interface 
at the front of the air gap (reference reflection) and the reflection from the air-object surface at 
the far end of the air gap (sensing reflection) interfere in the input-output fibre. Although multiple 
reflections occur within the air gap, the effect of higher order reflections can be shown to be 
negligible. The changes in the air-gap length cause changes in the phase difference between the 
reference beam and the sensing beam, thus changing the intensity of the light detected at the 
output port of a beam-splitter. 

с1егест.эг 
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Fig. 1: Construction of extrinsic Fabry-Perot sensor 

A coherent, approximately plane wave detected at the output of the sensor can be represented 
in terms of its complex amplitude Ui{x,y,z,t), given by 

Ui(x, у, г, t) = Ai exp(j>,). •' = h 2, (1) 
where the variable A, can be a function of the transverse coordinates z, у and the distance 

travelled г and the subscripts » = 1,2 stand for the reference and the sensing beams, respectively. 
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The observed intensity at the detector is a superposition of the two amplitudes and is given by 

lui = | Vi + l/j |2 = A] + A\ + 2A,A2 cos(>, - <fc) (2) 

The fringe contrast drops as the displacement increases, because the relative amplitude of the 
sensing beams Л2 drops with the distance of the reflector. 

The extrinsic FP fibre interferometer was tested as a displacement sensor by attaching the 
fibre to a stationary block, the micropositioner that produces defined displacement was used as a 
reflecting object. Thanks to the single-mode fibre used in the interferometer (single-mode fibres 
act like a near-ideal spatial filters) the quality of the reflecting surface docs not need to be mirror-
like. The visibility of interference when working at small air gaps (up to 10~3 m) was still greater 
than 0.5, even when black unpolished surfaces were used. This property makes the FP sensor very 
versatile and easy to use. 

The principle of operation of feedback stabilised interferomctric sensors has been described in 
details [1]. During the vibration measurement the feedback loop with slow response (r « 1 s) holds 
the mean value of interference phase shift at 90° - at the working (quadrature) point with well 
defined sensitivity and linearity. 

Further improvement of the device is in preparation. The substitution of the bulk beam-splitting 
prism by the integrated optical coupler, based on ionic change process, would make the system 
more rigid and compact. 

We have demonstrated the operation of the simple to use, low finesse, extrinsic FP displace
ment sensor and its application in the measurement of extremely low amplitude vibrations. The 
sensitivity of 10_ n m amplitude was obtained. The system has proved a good tool for efficiency 
measurements of acousto-optic transducers and for testing the linearity of the micropositioncrs. 
With a proper telescope the system can easily be used for remote sensing - the operating distance 
is limited only by coherence of the laser source used. 
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Laser induced fluorescence is a potentially useful tool for remote sensing of plant vigour as 
affected by environmental stress factors such as drought, atmospheric pollution or "acid rains". It 
has been proved [1] that the amplitude ratio of various peaks in fluorescence spectra induced by 
ultraviolet nanosecond laser pulses reflects these circumstances. 

Our aim is to collect and analyze fluorescence spectral characteristics of plants widely spread 
in our geographical region to provide necessary calibration data for the next remote diagnostics. 
In our previous studies [2] we understood that the shape of the fluorescence spectral curves of 
spruce were not very sensitive to the changes of excitation laser wavelength (193, 2-18, 308, 337 or 
351 nm) and that the nanosecond fluorescence spectra of various conifers have common features: 
three wide spectral bands at 440, 540 and 740 nm and no chlorophyll peak at 690 nm. We have 
also studied the dependence of the LIF spectral curves on the season, i.e. winter and summer 
spectra are different. 

In this paper we present the last results of investigation of the absolute values of fluorescence 
spectral yields for various samples of our land vegetation. Fluorescence of the plant samples is 
excited by the unfocused radiation of XeCl laser (80 mJ, 15 ns, 50 Hz). The geometry of our 
laboratory set up results in the exposure of about 1 mJ.cm-2. Spectral analysis of the fluorescence 
is performed by means of modest PC controlled laboratory equipment including a dual grating 
monochromator GMD 1000, photomultiplicr RCA 8852 and the signal processing electronic cir
cuits. The electronic system was calibrated and adjusted on sensitivity 4.8 photo-clectron/digital 
unit. The output digital signal is proportional to the integrated fluorescence signal for 6 microsec
onds. The absolute spectral sensitivity of our laboratory receiver of fluorescence was determined 
in two calibration steps providing information about the apparatus spectral response and about 
the absolute sensitivity of the device at a specified wavelength. The laser induced fluorescence of 
the irradiated biological samples represents itself as a Lambertian emitter. 

A part of the luminous flux аф (incident the photocathode of the photomultiplier) at the output 
of the monochromator in the wavelength interval dw is proportional to the spectral brightness В of 
the fluorescence emitter, numerical aperture NA of the monochromator and the monochromator 
entrance slit area A, 

d<f>=^T(NA)2BAdw (1) 

where T is the overall transmittance of the monochromator optical system. The most intensive 
fluorescence is observed with chestnut, grass or dandelion, the smallest values of fluorescence 
brightness are measured with conifers. 

Remote laser-induced fluorescence diagnostics of plant vigour is expected to be an efficient tool 
for environmental science in the near future. The absolute values of spectral brightness we obtain 
would be appreciated by the designers of remote sensing fluorimetric systems. 
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Fig. 1: Spectral brightness of fluorescence of plants illuminated by XeCl laser pulses with energy 
density 1.5 mJ/cm2 (for 736 nm) 
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Л new two-dimensional ensemble Monte Carlo Si-n-MOSFET simulator considering 
two-dimensional electron gas behavior in the inversion layer is presented. The main drawback 
of the latest most advanced Monte Carlo MOSFET simulators [1,2] is a poor description of the in
version layer quantization. Until now the problem of electron transport in the MOSFET inversion 
layer has been solved only by the separate quasi-two-dimensional Monte Carlo simulation with 
uniform inversion layer thickness [3]. This problem is now solved in a new, more advanced way. 

Present Monte Carlo simulation begins with results of the "drift-diffusion" MOSFET simulation. 
An appropriate window is chosen for the Monte Carlo simulation as shown in Fig. 1. 
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Fig. 1: Regions of "drift-diffusion" simulation (DD), Monte Carlo simulation (MC) and parts 
of quantized inversion layer (QUANTl, QUANT2, QUANT3). 

The quantized region near to silicon-oxide interface is divided into several parts. Subband energy 
levels are calculated using actual values of inversion and depletion layer charges. The standard bulk 
Monte Carlo transport model is always switched to the two-dimensional electron gas model when 
an electron reaches the quantized region. Surface roughness, interface oxide charge, intravalley 
phonon and intervalley phonon scattering rates are calculated using following assumptions: 1) 
Only the three lowest subbands EO, El, EO' in the quantized inversion layer are considered. 2) 
Energies EO and EO' subbands are assumed to be equal. 3) No dependence of quantization on the 
lateral electric field is supposed. 

Electron energy profiles in the MOSFET channel, shown in Fig. 2, are analyzed with respect 
to the drain junction avalanche breakdown and hot electron emission into the gate oxide. A 
comparison with experimental results, measured on the short channel MOSFET test structures, 
is performed. Higher electron mobility in the MOSFET inversion layer due to two-dimensional 
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electron gas transport is observed. 

Fig. 2: Energy profiles of MOSFET with 2/im gate length 

Further improvements of the present model are possible. The idea of using the quasi-analytical 
self-consistent calculation of subband energy levels by program SCALPEL [4] is proposed. 
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Present advances in technology enables us to create microelectronic circuitry of high complexity 
on a single chip. These complex systems often perform not only digital but also analog functions. 
The CMOS technology is one of the most advantageous because of its unique characteristics - low 
power consumption, high packing density, high noise margins, ease of design, and ease of down-
scaling of functional structures. Though the circuits based on bipolar technologies provide several 
advantages for analog circuit design (such as low input noise, low input offset voltage, high voltage 
gain, high output drive, and high rate), the CMOS technology, as well, is becoming significant in 
the domain of analog circuits. 

The CMOS technology has quite a long tradition in our country. Unfortunately, it has been 
exploited exclusively for digital IC's. Analog IC's have not been developed here. Now, the need for 
analog CMOS has become urgent. In 1992, this field began to develop through close cooperation 
among the department of microelectronics, the department of circuit theory, and the TESLA-VUST 
research institute. The work started and concentrated on these topics: 

1. Optimization of the CMOS technological process from the point of view of analog design 
requirements. Better process control in analog CMOS is necessary in comparison to digital CMOS. 
The process should be optimized to achieve high reproducibility of D.C. and A.C. parameters 
of various passive and active analog components. Temperature behaviour of all the devices, and 
characteristics of parasitic structures formed predominantly by bipolar structures, should be well-
defined. Current leakage should be minimized. 

2. Design of test structures. Special structures are used to investigate the parameters of basic 
electronic devices and functional blocks. The parameters measured on theses structures help to 
stabilize the process and to extract device model parameters. The test chips comprise simple 
resistive and capacitive elements, separate transistors, parasitic structures, and basic analog blocks. 

3. Electrical design of analog functional blocks. Having the library of functional analog blocks 
in mind, the proper building blocks are to be chosen. The blocks are described by their schematics 
and in terms of dimensions of the connected devices. 

4. Design of measuring procedures. Complete device characterization requires many methods 
to be used for measurement and evaluation of parameters. Some sort of a computerized analog 
circuit tester is indispensable to obtain D.C. and A.C. characteristics and evaluate them. 

The work on this project has not been finished yet. The following report gives the overview of 
its present state. 

Two runs of silicon wafers were produced in the foundry of the TESLA-VUST research institute 
using the 5 /mi Si CMOS 90 process, which was primarily developed for digital circuits. The wafers 
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contained test chips UTCSCIP1 with a mosaic of test patterns in the form of standard 8-pad eel's. 
These test structures had first been measured in the specialized lab of TESLA-VÚST. Transistors 
of various geometry were characterized by their threshold voltage and current factor. Sheet resis
tance of all the resistive layers, contact resistances between them, aлd substrate resistivity were 
measured. The parasitic structures were measured, as well. Then a detailed measurement of device 
characteristics was carried out in the diagnostic lab at the department of microelectronics. The 
complete set of D.C. characteristics of the transistors with various channel length and width, and 
C-V characteristics of MOS capacitors and PN junctions has been obtained. These data were used 
to extract device parameters for the SPICE circuit simulator. In this way, a SPICE library file 
AI0LV3B.LIB was created. Thus modelling of analog building blocks has been made possible. 

In parallel, another test chip which is expected to be more suitable for analog device charac
terization and checking of nalog design rules, is at present being designed at the department of 
microelectronics. It will contain standard analog cells that will form the core of the future user's 
library of analog cells. 

The task of the department of circuit theory is to choose the set of analog functional blocks. 
Designs of standard and low-power CMOS op amps and comparators, a band-gap voltage reference 
source, and other blocks are under development. 
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Ti:Sapphire (Т13+:А120з) is one of the most famous tunable solid state lasers. The first studies 
on it were published in 1985 [1]. It is constantly evolving and is still under study today. Its 
importance is due mainly to its wide tunability range (from approx. 670 nm to 1050 nm). This 
laser can substitute for numerous dye lasers which arc used in this range. Using second harmonic 
generation it can also reach the UV range of 350 nm to 500 nm. Broad-band fluorescence spectra 
aso makes this material very promising for ultrashort pulses generation. The fluorescence spectra of 
ThSapphire are a result of phonon coupled electronic transitions between vibrationally broadened 
energy levels of Ti 3 + ion in the host material. 

Very important parameter(quantity) for describing laser properties of ThSapphire is fluorescence 
lifetime which is rather small in comparison with other solid state lasers. At room temperature 
is it 7 = 3 fis . With increasing temperature it rapidly decreases. This along with a relatively 
high background absorption makes the flashlamp pumping much more difficult and demanding 
than in the case of pumping Nd:YAG active materials. So in first experiments ThSapphire lasers 
were pumped by short Q-switched pulses from other commonly used lasers. This way of pumping 
is usually referred to as coherent pumping. The absorption band occurs in the blue-green range 
(400-600 nin) where the argon laser or second harmonic of Nd3+:xxx lasers are commonly used 
for pumping. In this paper experimental results of both coherent and non-coherent (flashlamp) 
pumping methods as well as the tuning of Ti:Sapphire laser are presented. 

For the coherent pumping of ThSapphire we used the second harmonic generation of Q-switched 
Nd:YAP laser (= 540 nm) with the pulse duration of 10 ns (short enough in comparision with 
the fluorescence lifetime) and maximum pulse energy 35 mJ. The resonator was formed by two 
planparallcl mirrors with broad-band dielectric coating: the back mirror - R = 100% at 750 nm / 
0% at 540 nm and the output mirror R = 80% at 750 nm / 95% at 540 nm. The pumping pulse 
was injected into the resonator through back mirror col'mearly via the resonator axis. To increase 
energy density of pumping pulse in ThSapphire material (disk of length 6 mm) a lens with f = 3 m 
was used. As reached output energies of ThSapphire laser were near to threshold of generation 
(max. 4.5 mJ with the resonator of length 20 cm) we could easily observe the build-up time 
oscillations (meaning the delay between the pumping pulse and pulse generated) and changes in 
generated pulse duration. As the pumping energy decreases down to threshold, the generated pulse 
became broader and is more delayed. To describe this phenomena theoretically we wrote down 
and solved rate equations for coherently pumped ThSapphire. Then we were able to compute the 
shape and delay of generated pulse and compare it with the experimental results. The computed 
dependences were in agreement with experimental data [2]. 

In the second part of the experiments we studied the possibility of pumping by long flashlamp 
pulses. The ThSapphire rod having diameter 4 mm and length of 80 mm was positioned in double-
elliptical cavity and was pumped by two Xe flashlamps in long pulses of duration -fp = 100 /is and 
with maximum supplied energy of 416 J. The resonator was formed by broad-band mirror with 
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Tuning clement 

dispersive prism 
3-plate BF 

dispersive prism 
1-plate BF 
3-plate BF 

elcctroopt. filter 

Tunability 
range [nm] 

Max. output 
energy [mJ] 

Coherently pumped TirSapphire laser 

720 - 885 
745 - 815 

2.2 
0.6 

Flashlamp pumped TkSapphire laser 

730 - 920 
757 - 806 
760 - 830 
735 - 833 

13.5 
28.0 
8.0 
80.0 

Spectral 
bandwidth [nm] 

1.5 
<0.15 

0.3 
4-5 

<0.15 
2-5 

Tab. 1: The rcsuls of tunning of ThSapphire laser by different tunning elements (BF = birefringent 
filter) 

total reflection around 780 nm and broad-band output mirror with reflectivity 80%, but other sets 
of mirrors were also used. In these experiments the CW-like pulses of duration approx. 60 fts 
were generated with the output energy reaching 300 mJ. Using different tuning elements in the 
resonator, like bircfringent filters, dispersive prism or elcctrooptic filters, we also succeeded in 
tuning the laser over a broad range of wavelengths. The results - output energy, tunability range 
and spectral bandwidth of generated pulses are summarized in Tab. 1: 
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Total reflection X-ray optical systems for interaction experiments with hot plasma produced 
by intense laser pulses (intensity 10 ,3W/cm2), synchrotron radiation physics, astrophysics and 
biological applications of high power X-ray sources are studied. X-ray spectral region spans from 
100 eV up to 10 keV are considered. 

A high power laser beam can be focussed with the help of a lens or a mirror on a spot diam
eter of which can, in principle, be as small as the wavelength of the laser radiation. In .addition, 
pulsed lasers can deliver their energy in very short pulses. The light intensities achievable with 
concentrated laser light are so high that any material which is dense enough to absorb the laser 
light is immediately transformed into a hot plasma, which is a source of extrcmly intense X-ray 
radiation. Most of the soft X-rays are generated in the overdense region. For sufficiently short 
laser wavelength the distance between the critical density and the overdense region is relatively 
small and the absorbed energy is effectively transported to this region. Integral X-ray conversion 
efficiency was studied by several authors (See e.g. lief. [1] and [2]) at the laser intensities of the 
order of 1012 -Ť- 10H W/cm2 . The most suitable pulse durations were established to be around 
3 ns. The peak of the emitted X-rays can be tuned to the desired wavelength. This last feature is 
of considerable importance for X-ray lithography, X-ray microscopy, X-ray radiobiological studies 
and X-ray laser (XRASElt) studies. 

There is a proposal from an astrophysical research program to exploit existing Czechoslovak ex
perience and know-how in the field of X-ray optics [3] and its possible connection to cosmic projects 
of NASA (the LAMAR project) and ESA (the LODSTAR project - Large Angle Observatory for 
Burst, Supernova and Transient Event Research). These projects need the development of a unique 
sandwich type Au coated X-ray mirror foils for astrophysical research, on which extremely high 
demands are defined regarding flatness, surface roughness and X-ray reflectivity, while maintain
ing low areal weight and non-porosity of composite structure. Participation in the development 
and testing of the X-ray mirrors using unique replication techniques for production have already 
started. 

The third area of applications of X-ray optics considered here is X-ray diffraction as a research 
tool for molecular biology. There is a need for optics to focus the X-ray beam onto the biological 
samples in order to obtain the highest possible intensity in difTraction experiments. In the frame 
of Grant No. T 081/42-696 of the Czech Ministry for Economic Policy and Development, and in 
cooperation with KOMA (Praha) and the Medical Research Council (Cambridge, England) we are 
supposed to develop microfocus mirrors with extremely high reflectivity. 

In order to achieve high X-ray reflectivity of micromirrors and flats it is necessary to fully 
understand the physics of interaction of soft X-rays with the optical surfaces under glancing angles. 
This is common to all the above considered projects and applications. 
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We set up a soft X-ray physics laboratory within the laser plasma laboratory at the Department 
of Physical Electronics and conducted studies of X-ray sources, optics and detectors. As a source 
of X-rays for testing purposes during this stage we designed a preliminary version of a scanning 
microfocus X-ray tube (SMXT) complemented by X-ray diagnostics of the grazing incidence X-ray 
optical systems. We also developed basic versions of computer ray-tracing codes for modelling X-ray 
optical systems and a test facility for evaluation of surface roughness of replicated X-ray optics 
using a cooled ID CCD detector together with extensive research and development of technologies 
of composite materials, elcctroforming, replication and lacquering for production of X-ray optics 
['I). The presently available test facility should be completed in the future by adding a better 
microfocusing X-ray source, X-ray detecting system based on a 2D CCD with data acquisition 
system and special software. We carried out the first functional tests of X-ray surfaces based on 
our extensive research and development of optical and X-ray methods of measurement. 

In this paper we have described our investigation of the grazing incidence X-ray optical systems 
for research and applications in the field of astrophysics, laser generated plasmas, synchrotrons 
and other powerful soft X-ray sources, general X-ray imaging, X-ray microscopy and X-ray radio
biological studies. 
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Interferometry is used for phase imaging of optically transparent objects. Interferograms are 
created by interference of a probe beam with a reference beam. When both beams are travelling 
in parallel contour interferograms are generated. This type of interferogram is difficult to use for 
measurements of small phase shifts when no contours have been created. Accuracy of their analysis 
is also usually rather limited. 

In heterodyne interferometry using a frequency-shiftig device a temporal-carrier frequency is 
introduced. By tilting the reference wavefront a spatial-carrier frequency is introduced. Among the 
numerous papers that have been published on heterodyne interferometry in the last decade, the 
majority dealt with the temporal-carrier technique, and most of the precision interferometers now 
commercially available are based on this technique. 

The spatial-carrier technique appears to have received less attention in spite of its grcate ad
vantages in certain application areas, because of the need for high-resolution detector arrays for 
computerized interferogram analysis. The recent rapid development in fabrication technology for 
high-resolution image sensors seems to be changing the situation more in favour of the spatial-
carrier technique. We shall concentrate on this technique. 

Several different methods for the phase shift reconstruction from interferograms generated by 
the spatial-carrier technique have been developed: from the most primitive and least accurate use 
of the ruler through the extreme of fringes seeking algorithms up to the sophisticated and very 
accurate analysis based on the fast Fourier transform (FFT). 

The FFT based analysis was initially demonstrated in one dimension [1], then significantly 
improved and transported to more realistic two dimensions [2] also taking care of problems caused 
by possible non-linearity of the recording medium (typical case with film detectors). This was a 
big step forward as it meant that in the case of high quality beams (both the probe and reference 
beams) not only the phiise shift of the probe beam (encoded as a spatial frequency modulation) but 
also the amplitude of the probe beam (encoded as an amplitude modulation) could be encoded into 
and reconstructed from just one interferogram. This approach would bring substantial advantages 
over the usual method of recording two sets of data separately as it is very difficult to spatially 
superimpose these two sets of data during analysis. This idea led to the development of the phase-
amplitude imaging technique [3]. 

During the analysis of experimentally obtained interferograms, however, one more phenomenon -
fringe blurring caused by the phase shift changes during exposure time (for non-stationary objects) 
was found to have a detrimental effect on the accuracy of reconstructed data [4]. On the other 
hand, this initially rather unpleasant surprise revealed that the FFT based analysis technique is so 
sensitive that it can be used, in principle, for the reconstruction of up to three independent sets of 
data encoded into a single interferogram: the phase shift, amplitude and phase shift time derivative. 
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Taking all these features into account results have been obtained which surpass anything obtained 
previously. The success of the technique has been internationally recognized [5]. 

Thus complex interferometry has been born [6]. Our main objective is to make this technique 
readily available by porting the analysing algorithm to personal computers. The first successful 
steps have been taken on AMIGA computers [7]. Clearly the IBM class of computers is our target 
and this we would like to achieve with the assistance of a CTU grant next year. Considerable 
interest has already been generated in prestigeous laboratories. 
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A theory of (recursive) data-type equations in categories enriched by complete poscts (CPO's) 
has been developed in a number of papers, see e.g. [1], [2]. This concerns categories such that 
each liom-sct carrries the structure of a CPO with a bottom, and composition is continuous and 
strict. The main result is that every functor T: К — > K which is locally continuous, i.e., preserves 
directed joins in every hom-sct, has a smallest fixpoint. In other words, if К is a category of data 
types, then the recursive equation X = TX has a smallest solution. This is an application of 
Klecne's Fixpoint Theorem. 

We now develop a theory of recursive data types in categories enriched by complete metric 
spaces, in particular, in the category MET of complete metric spaces of diameter < 1 and nonex-
pandiiig maps. Thus, we assume that К is a category such that each hom-sct carries the structure 
of a complete metric space, and composition is non-expanding. (This is true in MET: the distance 
of morphisms f,g: A—>A' is defined as the suprcmum of the distances of f(x), g(x) for all x 6 A.) 
Л stronger results holds here for contracting functors, i.e., functors T: К — > K such that there 
exists 6 smaller than 1 for which the distance of Tf, Tg : TA->TA'is at least i-times smaller than 
the distance of f, g: Every contracting functor has a unique fixpoint. In other words, whenever 
a recursive data-type equation has the form X = TX for some contracting functor T, then it 
determines X uniquely (up to isometry). This is an application of Banachs Fixpoint Theorem. 

Example: the data type of infinite trees has been interpreted as a completion of its subtype of 
finite trees (with the metric, d (p,q) = 2~" for n denoting the first level at which p and q differ) 
by Arnold and Nival [3]. This is a special case since tree-signatures yield contracting functors. 

These results, which develop ideas of America and Rutten [4], indicate that MET is a particular 
suitable category for interpretation of recursive data-type equations. Whereas America and Rutten 
work with a very special category (of metric spaces and isometries with a specified retraction), 
our approach is applicable to a wider class: all categories enriched over the category MET. In this 
class the collection of contracting functors is wide enough to encompass the most important data
type constructions (product, sum, lifting), but not the powcrdomain construction which requires a 
modification of the category of datatypes in the style of America and Rutten. The special property 
by which the metrically enriched data-type categories distinguish their role is the uniqueness of 
the fixpoints. 
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Robust control is a design of a controller having suitable properties not only for a nominal model 
of the system, but also for some family of systems - some uncertain region around the nominal 
model. Great attention to this type of control is given in the world literature. Because the exact 
model of a system is never known, it is believed that robust control is really the theory for praxis. 

The uncertainty of a model can be described in many different ways. Uncertainty can be de
scribed in a frequency domain as an additive or multiplicative uncertainty. Development of algo
rithms for this type of robust control was accomplished in 1991 under the grant "Algorithms for 
Multivariable Robust Control" [1]. 

Another type of uncertainty description is a co-prime factor uncertainty. For this type of un
certainty description a noniterative algorithm for robust stabilization can be developed. Attention 
to this type of uncertainty will be given in the future. 

Another type of uncertainty expression is the description of a system as a stochastic system. 
Great attention was given to different control algorithms in this area. Also algorithms for parameter 
estimation of a stochastic system were developed. 

The quality of control can be improved by using future values of reference input. Several algo
rithms for this type of predictive or anticipation control were developed. 

Some of the most important results are described now. 

For optimal control the knowledge of its state is necessary. Simultaneous state estimation and 
system parameter tracking is described in [2]. 

Future values of the reference input can be used for improving the quality of control. This type 
of control can be used in program control or as delayed tracking. Algorithms for this type of control 
are described in [3], [4], [5], [6] and [7]. 

Control robustness of the Multi-Input, Multi-Output system can be improved by sampling with 
different sampling periods. This approach was solved in [8]. 

Great attention was given to the parameter estimation problem. In real time this problem can 
be solved by Kalman-Bucy filter or the extended Kalman-Bucy filter. For the whole set of data, 
one shot smoothing or smoothing by a forward and backward Kalman-Bucy filter run can be used. 
Algorithms for the solution of this problem and also for nonlinear system are described in [9], [10], 
and [11]. 

International summer schools "Modern Control Theory" and "Laboratory Experiments in Con
trol Engineering" were organized by the Department of Control. Special section was dedicated to 
Robust and Adaptive control [13]. 
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Type systems are important parts of many programming systems [I]. The specification of a 
type theory for logic programming has been an active research area for several years, so far a 
widely accepted theory has not been determined. 

In this paper, we introduce a new notion of a type semantics for a type inference system for a 
logic programming language with recursive and polymorphic types, which also allows subtyping. 

This work is based on several previous attempts to formulate an original model for type systems 
based on rational trees [5], and is a part of the ongoing project for logic programming environment 
IIYPOLOG described in [6]. 

A successful approach to the introduction of type constrains in programming languages, is the 
method of assigning types to terms of type-free language by means of a set of typing rules, ie. a 
type inference system. Such a system has been incorporated in the languages ML and Hope and 
has, so far, mainly been implemented in functional programming languages. 

There arc no existing programming languages in the area of logic programming with type 
inference and therefore we have chosen the language Prolog. We have extended the language 
Prolog (which is type-free language) by incorporating both types and a type inference system. 

Data (terms) in programs for logic programming Languages can be considered as finite trees 
[3] over functors and variables. Atoms are predicates with terms as parameters. Types are sets 
(ideals) over Prolog's data which are described above in terms of finite trees. The system described 
introduces not only names for types (like integer) but also type expressions to denote types (as 
ideals of values) in a polymorphic type systems (like list(a)). Type expressions (or types) are 
therefore trees over type functors and type variables, eg. list(list(a)) is a type expression describing 
a set of lists whose elements arc lists whose elements are of any type. It is possible to describe the 
type of any term, atom, clause or predicate in a Prolog program by using type expressions. The 
declaration of each type (introduction of a type) is done using the relation rep/2, ie. by means of a 
logic program. This means that each type in the logic program is represented by a logic program. 

Our type system uses predefined types for built-in predicates. The only problem in the typing of 
a Prolog program is caused by metaprcdicatcs. This results in the loss of some typing information 
when mctapredicates are used. Type clause and predicate are introduced to handle the typing of 
metapredicates. 

Many typed languages attempt to achieve flexibility in their type discipline by using the concept 
of subtyping. Subtyping relaxes the strict type requirement by allowing subtype substitution. The 
subtyping system we introduce has the same goal, ie. to allow arguments of a predicates to be of 
a subtype of the argument type. The type inference rules (for atoms and terms) in our system are 
extended to deal with a relation describing subtypes. This relation - like the relation rep is a part 
of the type declaration. 
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We also describe rules for type inference for programs, predicates, clauses and atoms. The 
algorithm which docs this is shown to determine types in the case of a program free of type errors. 
The presence of such a system makes static type checking possible. 

The actual allocation of types in a Prolog program (to its predicates, clauses, etc.) is done 
by implementing a program which interacts with an user who can confirm or reject an inferred 
assignments of types to atoms, clauses, predicates. In the case when the user rejects an inferred 
type, the system will try to infer a new solution. In the case where no solution type can be inferred 
a type error results. 

A theoretical framework for logic programs (ie. for both data and types) based on finite trees 
is introduced and an algorithm for static types inferring for programs written in Prolog is devel
oped. A successful implementation written in LPA Prolog of this algorithm is described. The 
implementation can be used to determine type errors in logic programs. 
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A beginner trying to understand a Prolog program execution as well as an experienced Prolog 
programmer working to debug his program are confronted with the need of information describing 
the execution in a stcp-by-stcp manner. 

There is no doubt that the most detailed information of this sort is given by the complete 
proof tree underlying the program execution being concerned. Although proof trees are commonly 
used to express the semantics of logic programs, there is no generally accepted standard definition 
that would describe in a concise way their graphical appearance. Moreover, a proof tree is merely 
a two-dimensional representation of certain structural relationships that can take quite a lot of 
different forms completely excluding any information of graphical nature. 

A form that is generally accepted as a basic one is the linear execution trace (see [2]) . The 
execution trace would express both the control flow of the execution and the values of variables 
involved, but it docs not include explicitly any relationships among individual goals. 

Compared to procedural programming languages, Prolog exhibits some special features that 
have to be taken into consideration when designing a detailed form and contents of the tracing 
information. The feature having the most important impact to the control flow is the immanent 
possibility of failure of any rule defining a predicate which causes a backtrack to the next rule (if 
any) for the predicate in question. In an execution trace, these features are commonly reflected 
using the Call/Redo/Exit/Fail messages derived in a straightforward way from the Prolog program 
semantics. 

A more peculiar feature to cope with in an execution trace is the instantiation of variables. 
There is no explicit assignment that could be traced in Prolog and the unification (or argument 
passing to rule bodies) in spite of being a nice, exact, and flexible mechanism, could turn into a 
nightmare when inspecting a buggy program. Any tracing system should also include a selection 
tool that would protect the user from being ovcrhelmed with large volumes of uselessly detailed 
information. 

In our attempt to the design of a Prolog execution trace system wc propose to logically separate 
the generation of the tracing information from its possible presentation. This separation implies 
that the trace information should be as complete as possible because no additional information is 
given when it is presented to the user. The execution trace can be filtered, but only the information 
contained explicitly in it, or derivable from its contents can be eventually presented. This is the 
reason we call it the exhaustive execution trace (for details see [4]). 

In order to avoid any implementation-dependent characteristics, we decided to express the 
generation of an exhaustive execution trace in a form of an abstract Prolog tracing machine defined 
operationally as a dynamic algebra. Intuitively speaking, a dynamic algebra (see [1], [3])is a 
many-sorted algebra capable of changing its universes as well as its (partial) operations upon these 
universes. These changes are controlled by so called transition rules that have generally a non-
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deterministic nature, but a proper selection of these rules can assure a deterministic behaviour of 
the corresponding dynamic algebra. 

An exhaustive execution trace received as a result of the activity of the abstract Prolog tracing 
machine offers a variety of possible interpretations or presentations. As an illustration, we have 
constructed another simple abstract machines that would transform any exhaustive execution trace 
into a common Call/Redo/Exit/Fail trace, or into a data structure equivalent to a corresponding 
proof tree. 

It is also possible to interpret a trace as a word of a language of all possible traces for the given 
Prolog program and the query, and to process it using the tools dcvcl'oppcd by the theory of formal 
languages. There is another dynamic algebra specification under development aimed at producing 
a variant of the box model tracing information presented in a separate article of this volume. 
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It has long been known that a visual representation aids the comprehension of most program
ming tasks. Initial work has shown (see [1], [3], [•!]) that in the field of logic programming this 
principle is also valid. In our paper wc present two ways of graphical models and we briefly com
pare their advantages and disadvantages. Based on such an analysis, we propose different areas for 
application of these two models. 

During the previous research we have learned about two main ways of graphical representation 
of Prolog programs and their execution. The first one follows the representation of a deduction 
tree. The second one is based on debugging trace information known as Byrd's box model. 

The aim of any graphical presentation is to express all relevant features of an object using a 
limited set of comprehensible graphical symbols. This idea has been followed by all designers of 
graphic representations of Prolog programs, nevertheless, the results differ quite a lot in simplicity 
of presentation and assumed complexity of implementation. 

Perhaps the most important property of the box model is its ability to describe the procedural 
flow of a Prolog program execution in a clear and simple way suitable for a beginner, providing at 
the same time a sufficiently detailed information for an advanced programmer. The most serious 
argument against the box model is the rapidly deteriorating capacity when expressing not scholarly 
oriented toy programs but real complex programs the execution of which involves the use of 
thousands of rules. 

Doth models presented here arc based on the basic box symbol which has two entry points (call, 
redo) and two output points (exit, fail). In Fig. 1 and Fig. 2 we show the two representations the 
same intermediate state of the execution of the following sample program : 

l oca t i on ( PERSON, PUCE) : - a t ( PERSON, PLACE). 
locationC PERSON, PLACE) : - v i a i t ( PERSON, OTHER), 

loca t ion( OTHER, PLACE). 

a t ( a lan , room 19). v i s i t ( dave, a l a n ) . 
a t ( j ane , room 54) . v i s i t ( j ane , be t ty ) . 
a t ( b e t t y , o f f i c e ) . v i s i t ( l i nco ln , dave) . 

?- l o c a t i o n í l i n c o l n , WHERE). 

The textual-box model of Fig. 1 consists of two parts : the left part shows the actual state 
of the right-hand sides of the rules that are active in the process of the goal satisfaction. Each 
individual goal is assigned a separate box expressing the status of the goal accompanied by variable 
instantiation box if needed. The right part shows the predicate definition of the last executed goal 
emphasizing the rule that is being used. 

61 



CTU PRAGUE WORKSHOP 93 - INFORMATICS & CYBERNETICS 

The user can dynamically select the level of detail (i.e. the depth of the underlying proof tree) 
he is interested in, so that he can concentrate the attention to selected predicates or to critical 
parts of the program execution. The tracing is reversible, but the values of variables cannot be 
changed. 

The graphical-box model is constructed expanding gradually every executed goal into its corre
sponding definition box and showing the execution path entering and leaving the individual boxes. 
Variable instantiations are shown associated with the boxes that caused the assignment. 

Ilocation)l inooln,Where) 

ww^ 
Щ location(dave,Other) 

Other=dave 
vioit(j ane,betty). 
visit(lincoln,dave). 

Other=alan 

Fig. 1: 

% location(hncoin Wrme} 

:въол(Рег5йп Place) в «(Person. Place) f 

/Pofebn'n йпсонТЧ f toCJftxtfdaw rucc) 

{тацРуюп owat ЦосЯсЩРииш Paco)j|»|PeiMft РИе«1 I 

. " t o - W P w u n PlacolflliMiPe.inn oi>»{ j °"°°" IP ' '« ' PM"! I 

Fig. 2: 

We hope that both models can be found fruitful. However, it seems that the textual model being 
implicitly more selective is able to describe the same situation using less space. The disadvantage 
is that the user is presented a new form of expressing the basic call/rcdo/exit/fail links between 
the building block of this model. We would propose to integrate both models into one Prolog 
programming environment so that the user could make his choice according to his preferences, 
used hardware, or program development level. 
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Requirements from very different areas are leading to the study of the structure of causal rela
tions. Qualitative simulation inductive methods for knowledge base reconstruction, social systems 
analysis, system structure identification and induction of decision rules for qualitative or fuzzy 
control needs to determine the causality direction from observational data. 

Causality direction means to find orientation from cause to effect. Under specific conditions a 
causal relation can be considered as a relation between input and output of a noisy communication 
channel. A causal relation is a subset of the Cartesian product of a set of possible input values U 
and a set of possible output viilnes Y. \Vc can distinguish several types of a channel matrices, but 
from the point of view of our task, a channel with the stochastic channel matrix is more important. 

The main idea leading to the determination of a channel orientation follows from physical con
sideration. Let us imagine now, that the inputs and outputs have a direct physical interpretation. 
We can imagine, for example, the voltage pulses running through logical circuits. For all physical 
systems on the macroscopic level the second law of thermodynamics must be satisfied. It means 
that the entropy of the next state must be greater or equal to the entropy of the actual state. 
If we interpret the input of our communication channel as the actual state and output as the 
following state, the entropy of the output will be caused by dissipative processes connected with 
signal circulation greater than input entropy. In this manner the second law provides a tool for 
determining of system orientation . 

Dut the situation is not so simple. Using Shannon's classical entropy we can see that in some 
cases the entropy of the output is lower than the entropy of the input. More detailed analysis 
shows that the use of Shannon's entropy is successful for systems with a double stochastic channel 
matrix. For this type of matrix not only the sums of elements in rows are equal to 1, but the sums 
of the elements in columns are also equal to 1. It is a case of a symmetrical channel. Generally 
the previous situation occurs if the input is mapped on output by means of a measure preserving 
transformation. It means that this transformation does not preserve a phase volume. This situation 
corresponds with a majority of real cases. 

The requirement of preserving the volume of phase cells leads us to the necessity for infinitely 
small phase cells. In this case the discrete probabilities are substituted by continuous density and 
leading to Gibbs entropy known from statistical mechanics and defined by the following expression; 

Яс(«?) = -*/<?М1пЕ»иам (i) 
Jn 

where #(w) is the probability density function of the microstate and /i( Л,) is a measure of macrostatc 
Л;. Integration is over the whole phase space П. The phase space can be decomposed on macrostates 
A;, i = 1, 2,...n. Every macrostate has a probability P(Ai). 

63 



CTU PRAGUE WORKSHOP 93 - INFORMATICS fc CYBERNETICS 

Under some specific conditions Gibbs entropy can be expressed like 

1Ш = -k £ P(A{) НР(ЛгУКЛг) (2) 
i= l 

It can be proven, that (2) is non-decreasing in its time evolution [1]. But the measure /i(/t;) 
corresponding with phase volume of a phase cell belonging to the macrostatc /1; is not known. It 
can be shown in [2], that the phase volumes of any two outputs macrostate are in the same relation 
as their probabilities on the assumption of uniform input distribution. A similar relation for phase 
volume of the input macrostates is also satisfied. From this point of view we can write: 

Gibbs entropies are invariant with respect to channel transformation. We can see that Gibbs 
entropy is Shannon's entropy normalized with respect to the phase volume of phase cells. For a 
double stochastic channel matrix the normalizing factor J2 P{m/uf) equals 1 and Gibbs entropy 
is changed into Shannon's entropy. For Gibbs entropy, the Il(U) < / /(V) holds for any stochastic 
channel matrix. By means of Gibbs entropy we can distinguish input and output. But only under 
the condition that a causal relation exists. If the relation is not causal and is, for example a 
coincidence relation we can obtain erroneous results. 

The method submitted provides a useful tool for a rule induction from databases. But applica
tions are not restricted only for rule based systems. Л very attractive and hopeful extension is the 
use of the method for the location of an epileptic focus in the human brain using EEG records. 
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Diesel engines are a great source of pollution. There are a large amount of residual hydrocarbon, 
soots, nitrogen oxides etc. in the exhaust gases. Especially in the case of the city buses strong 
environmental requirements are needed. Maintenance of the engines in optimal conditions needs 
a lot of qualified work and for older engines it is impossible to make adjustment optimal. One 
possible and more promising way is reconstruction of the engines for a different kind of fuel, like 
methane, natural gas, biogas etc.. It is usually impossible to ignite these kinds of fuel by means of 
compression. This type of engine needs a powerful spark ignition system. This system must be able 
not only to guarantee a reliable ignition, but it should be able to find the optimal spark timing 
(spark advance), according to external conditions. 

The project of reconstruction of diesel engine of city buses has currently been started in many 
institutions. At the Department of Combustion Engines, the Faculty of Mechanical Engineering of 
CTU in Prague reconstructed and tested 6 cylinders engines LIAZ for Karosa city buses Karosa. 

The main task for our researcli group is the design and construction of a powerful spark control 
system not only for this engine, but as a universal spark advance control system for different classes 
of engines. The adaptation for sevcr.il typos of engines would be possible only by means a software. 
Similar control systems are produced by a few companies only in USA and West Europe.However, 
they are very expensive for our purposes (their prices arc in range from 1000 to 10000 DEM) and 
tlteir adaptation for different types of engines isn't simple and sometimes impossible. In addition 
these types of ignition systems arc usually designed for the lean burn combustion conditions. It 
means that there is much more air in the cylinder than the stoechimetric air/fuel relation provides. 
Lean burn combustion has big advantages. The concentration of nitrogen oxides is very small in 
these conditions. It enables the use a simpler catalytic converter and in some cases it is not necessary 
to use any convertcr.On the other hand, the requirements for the spark system are much stronger 
in the case of a lean burn engine. There are two levels of problems in the design of a spark system. 
The first level is the design of a Control system with prescribed values of spark advance in the 
table. Optimalisation,identification of dynamical properties of engine, and computing of optimal 
spark advance "map" belong on the second level. For the laboratory tests and development of a 
system cooperation with the Department of Combustion Engines was necessary. 

The first part of project is connected with the author's long term collaboration with companies 
like PAL Kroměříž, Tesla Sczam in Rožnov and Tatra Kopřivnice. The result of this work is 
the author's design of a full customer integrated circuit,which contains all the component of a 
universal spark controller. This project is sponsored by the company PAL. Under the author's 
participation an integrated circuit was realized like the MII1240 at the company Tesla Sezam. 
The first sample of this circuit was finished during the autumn of 1991, but some mistakes in 
chip technology were found during long term testing. The chip's first optimalisation was finished 
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in the spring of 1992 (mark Mil 1240-5), but several further optimalisation steps were necessary 
to obtain the mark MH1240-9 chip providing the expected results. The first serious experiments 
were started with the МШ240-9 version. The Main problem, electromagnetic compatibility with 
the power part of the system, was successfully resolved. The experience from tests were used for 
the first application of this system. After finishing of the Electronic design at the Department of 
Control Engineering, the PAL company produced the first prototype of the control system. All 
the other components like the special ignitions coil block were developed by PAL. This system 
is high voltage distributorless system and contain no moving elements. The first sample of our 
system is now in intensive testing at the laboratories of the Technical University in Liberec. The 
results of tests provided very important information for the last step of research.The version Mil 
1240-15, as the answer to results of tests, finishes at Tesla now. The first sample will be ready in 
December 92. The second part of the project is an identification of the engine's properties and 
forming an appropriate spark advance "map". As a result of testing we usually obtain around 100 
to 200 values of spark advances. But for the system memory 2000 - 4000 values of spark advance 
in the special code are necessary. One possible way is to interpolate between measured values and 
transform the resultant data into a format for the programmer of EPROM memory. All these 
problems are solved by our new interactive program "PAL SERVIS", developed for this project. 
This program enables interpolation of the measured values, editing of the spark advance curves, 
drawing graphical representation, transformation of the data into EPROM programmer's code, 
etc. 

Because the adjustment of optimal values in the map by means of laboratory tests is very 
expensive and needs a long time, we are trying to find an alternative approach. This approach is 
based on using information on the dynamical state of the engine available during normal traffic 
conditions. A more detailed description of the methods which are used like Bayesian adaptive 
methods, rule based control and fuzzy control are out of the scope of this short paper and they 
will be contained in a new project. 

This research has been conducted at the Department of Control Engineering in cooperation with 
the Department of Combustion Engines as part of the research project " Lean burn combustion in 
natural gas engines" and has been supported by CTU grant no.8008. 
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Let us first sumarize the aims of the project: 

a) To develop new methods for describing 3D objects in intensity images. The main emphasis 
was predicted to be in image segmentation and local description of curved objects using 
differential geometry characteristics. 

b) To add some newly created methods into the 0K0 image processing system that is under 
constant development at the Computer Vision Laboratory. 

c) To transfer image analysis know how to the Fractographic laboratory, Department of Mate
rials, Faculty of Nuclear Physics and Engineering, Czech Technical University, Prague. 

Results: 

a) Three novel research results were obtained: 
A new testbed for image segmentation based on a region growing principle was developed 

[<lj. This approach is based on novel representation of regions using neighbourhood relation 
graphs. This technique enabled the unification of different region growing algorithms into one 
framework and consequently their quantitative and qualitative comparison [2]. Many new 
criteria of region homogeneity were tested. Besides research in image segmentation, these 
region growing methods were used for 2D curves and 3D surface descriptions (see below). 

A new method for approximation of planar curves by conic segments was developed [6]. 
The aim is to split all curves in the image into conic segments. Each conic segment has an 
analytic description attached plus starting and end point on the original curve data to which 
it corresponds. 

The proposed curve approximation algorithm can be divided into the following steps: 1) 
Cutting of the curve in two different directions. The result is two sets of parallel chords. 
The midpoint of each chord is computed. 2) Straight line passing through the midpoints is 
detected by the Hough transform. 3) Accumulation of evidence about conic segments from 
different cutting directions. 4) Generation of possible conies (up to scale) by solving a system 
of four linear equations. 5) The scale of the conic should be adjusted. The part of the curve 
which fits well with the conic is found. It is easy to calculate the scale parameter if some 
points on conies are known. 6) Plausible conies should be selected out of very many that were 
generated in previous steps (the longer segment the better, the approximating conic should 
be close to original curve) 

A novel method for measuring discontinuity in range images were developed [5]. The 
discontinuity - basically the qualitative surface characteristic - is assigned a quantitative 
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value called the measure of the surface discontinuity strength. The discontinuity strength 
estimation Utilizes differential geometry technique*. The measure of the CO (step) and Cl 
(crease) discontinuity strength estimates I ho probability of an actual discontinuity in the 
image. 

The theoretical emphasis was on estimation of Cl (crease) discontinuities. Three principal 
advantages were achieved, First, the discontinuity strength Is computed locally. Second, the 
2D problem of the surface discontinuity strength estimate is converted to a ID problem 
along the direction of the principal curvature at each point on the surface, Third, the surface 
discontinuity strength can be computed from the continuous approximation of range data 
by polynomials, Doth advantages imply computational effectiveness and robustness in real 
noisy data. The developed method is used for region growing segmentation that should not 
place the seed of regions to discontinuities. 

The method described crease discontinuity estimation viewed as another formulation of 
the first step of an edge detector for crease edges. 

b) The ОКО programming environment was enlarged using several programs developed within 
the project (e.g., Hough transform, real time linages, region growing segmentation). The first 
image analysis textbook was written in Czech [3]. 

c) Л basic set of image analysis algorithms were transferred into an image analysis system in the 
fractografic laboratory of the Department of Materials, Algorithms were incorporated into 
special purpose program under Microsoft Windows that measures metal fractures in electron 
microscope images [1], 
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The programming technology of the simple rule-based diagnostic expert systems has been al
ready captured. These first generation shells suffer from a lot of shortcomings. For more complex 
real life applications some quite new features (like the ability to explore knowledge of diverse na
ture, to make use of deep knowledge, etc.) should be added. This fact often leads to a new, second 
generation architecture of expert systems [1], 

Research in the area of expert systems has been started at the Department of Control Engineer
ing in 1981. A family of diagnostic shells called FEL-EX PERT has been developed in the eighties. 
The research carried out under the support of the CTU Grant N0.8041 in 1991-92 has been aimed 
at the long-term goal of developing a shell having second generation features. 

Some new results towards this end have been reached within the frame of the CTU Grant 
N0.8041 in 1992. Some of these results have brought substantial gains to the FEL-EXPERT shell 
capabilities, some of which were oriented to a quite new overall architecture. Let's mention the 
results; 

a) A methodology of exploring taxonomy trees for the purposes of attention zooming have 
been developed. This methodology enables exploring large, but not "deep", knowledge bases 
efficiently and lias been recognized as a very powerful tool in solving practical knowledge-
engineering tasks [2]. E.g. a large knowledge base for onco-pathological diagnostics consisting 
of GOO nodes and 3700 rules is easily handled by the technique developed and implemented. 

b) A mechanism of hypothetical reasoning (based on the technique for direct integration of 
the shell with database systems) has been studied extensively and - as a specific module -
implemented within the FEL-EXPERT shell [3]. 

c) A methodology of the direct linkage of the FEL-EXPERT inference net with a neural network 
emulator has been developed. The method designed was tested very successfully in the area 
of medical diagnostics (differential diagnostics of muscular dystrophy syndromes). 

d) The screen editor of knowledge bases (KBEDIT) has been integrated with the FEL-EXPERT 
shell environment. 

e) All the theoretical and experimental achievements mentioned above resulted in the imple
mentation of the system FEL-EXPERT version 3.5 which differs in many features (including 
the extensions mentioned above) from the version 3.2 presented in 1991. The user manual of 
the FEL-EXPERT 3.5 is available [2]. This version is widely tested and used in the educa
tional process at different Czechoslovak universities, at J. Kepler University Linz and at the 
University of Vienna. 
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Besides the results tightly connected with the FEL-EXPERT shell development the team substan
tially proceeded in the research of the second generation tool: 

Г) The overall architecture of the second generation shell based on the object-orientation (00) 
paradigm has been designed [3]. It takes the FEL-EXPERT-Iike system as a particular module 
into account. The proposed architecture was presented to a wide international community 
and it invoked real interest. This interest caused several invitations to invited talks which 
were given e.g. at Rockwell Research Centre , Thousand Oaks, Calif., at the University of 
Darmstadt, at the 6th Intern. Conference on Systems Research, Informatics and Cybernetics 
in Uadcn-Badcn etc. 

g) A problem independent system QUASIMODO for qualitative reasoning has been completed, 
tested and documented [4]. It represents a software system which enables to simulate be
haviour of physical systems by making use of structural descriptions. 

h) A new methodology (called POL1TE-VRC) has been proposed as an adequate knowledge 
engineering approach for second generation expert systems [5]. It generalizes and synthesizes 
the POLITE methodology developed by Badur (1988) and the RUDE cycles methodology 
introduced by Partridge (1992). 

i) Probabilistic methods of knowledge representation and processing have been studied [6]. A 
method for detection of cycles in knowledge bases has been designed and implemented. 

j) The theoretical backgrounds of knowledge engineering tools, especially the methods of in
ductive knowledge acquisition and integration, have been deeply studied. New algorithms of 
inductive creation of log-linear models have been designed in cooperation with the LIACC 
group at the University of Porto. 
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Computer Integrated Manufacturing (CIM) tasks for small or medium sized companies cover 
all the needs of administrative, managerial, technical and marketing activities. It seems that most 
of these activities can be performed by handling of various data that reflect current state of the 
production, processing of orders, handling of manufacturing resources including material inventory 
etc. 

The authors of this contribution have met a task which was chosen to serve as a case-study 
for real-life CIM implementation. The detailed specification of this task has been presented in 
[1]. Briefly, the case-study, called PACEB, concerns the medium-sized factory which manufactures 
building prefabricates on orders. No warehouse of complete products is considered because of 
economic and space reasons. The CIM task in this factory consists mainly of data handling, which 
is based on quite complicated, database management schemes. The main complication is caused 
by the fact that all the manufacturing runs in time and some timing is the crucial point for 
manufacturing issues. Moreover, exploitation of computers in industry is usually connected with 
the demand of some kind of optimization - a task being very complicated in real life. Although 
some results of the optimization for the manufacturing of prefabricates have been achieved [2, 3], 
the attention in this contribution is focused on some general database and software engineering 
views. 

The entire database system for the manufacturing of prefabricates has been designed using 
relational database technology. The PACEB-system has been implemented in the FoxPro V.2.0 
database system running under MS-DOS on IBM-PC compatible machines. The FoxPro system 
lias its own programming language which involves a subset of SQL commands. The database 
consists of 23 database relations (database files). Besides this set of files there are about 40 index 
files allowing quick access to certain data in relations. The system is being used daily in the 
company Panclárna Český Brod running from several terminals in parallel. 

The planning (optimization) part of the system has been implemented in Turbo Pascal V.6. It 
has advanced OO-programming features many of which have been intensively used for the system 
programming. The planning component of the system is invoked from the database environment 
as an external program. 

During the solution of this case-study project the authors have made several general observa
tions: 

(a) There is a need for rapid prototyping. The designer should have available a tool making it 
possible to develop very quickly some modules of the entire system. The behaviour of those 
modules can be shown to the end-user who can either express his satisfaction or can suggest 
some modifications. 

(b) The end-user wants to have everything in his own hands. It means, that any system, which is 
too automatic, is hardly acceptable by the end-user. This requirement on the system design 
comes visible especially in the introductory phase of the system set up. 
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(c) Very detailed specification of the system functionality is desirable. As many CIM systems 
should be used by people who are not computer experts, the system must be designed (at 
least from outside behaviour point of view) as a closed system equipped by an easy handling 
facility, It may even require global re-ilcsign of the entire system. 

(d) Computer networking and multi-user access has to be considered fwm the beginning of the 
system design. This need in the PACED-system has not been taken into account at the early 
stage of the system design. It has brought extremely difficult situation when this feature 
should have been implemented. It is always necessary to consider this feature just from the 
beginning as the simultaneous access of several users can make some complicated database 
operations more difficult, or can even prevent doing them at all. 

(e) There is a need for very good and self-explanatory user interfaces. During the РАСЕП-
systcm development, it has shown that user-interface design is the most tedious work of 
the whole system implementation. This is true even though modern database systems (like 
FoxPro V.2.0.) provide the designer with a tool usually called Screen Builder. These tools 
arc appointed to the design of the screen lay-out. They support the programmer to generate 
pieces of code which is able to draw the user interface on the computer screen. However, 
this code is very raw and it does not reflect mutual dependencies among various fields in the 
input screen, 

Just the last point of the observations was felt as very important. No hints on this type of 
programming tool have brought neither by a detailed trip through literature nor by consultation 
of foreign database experts. Thus, there is an idea to develop a programming tool which would 
provide the user with the facility to describe semantic dependencies among various fields in an user 
interface input/output screen. The tool could than automatically generate the code considering 
these dependencies in the user interface behaviour. 
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Concerning the present state of knowledge in the field of distributed systems we can say that 
new technological requirements for mechanical and electrical engineering structures make multi
processing intuitively attractive, but the technology is still relatively primitive. 

Apart from reliability problems with the currently available control systems and the lack of 
a firm theoretical understanding of the physical behaviour of the devices, there is no rationally 
based global design methodology which can currently simulate the state of the controlled system, 
optimize active control strategy and design the optimal structure of a computer system based on 
parallel technology. 

The work undertaken in the project addresses the deficiencies (i.e. rate of speed) of existing 
control systems and will initiate the development of new, powerful tools for the design of advanced 
multiprocessor structures. These developments were founded on a number of original concepts, 
which are the subject of current research. The following specific objectives were pursued in the 
project: 

* Hardware and software environment was created for the purpose of parallel control structure 
development. We established contacts with companies that arc interested in the same field ( НЕМА, 
PARSYTEC ). 

* Theoretical methodologies and software were developed for: 
- static and dynamic analysis of controlled structures, appropriate for monitoring of structural 

behaviour, 
- optimizing the topology to achieve the most accurate description of structural behaviour, 
- optimal design of control structures, 
- physical and numerical modelling, 
* A comprehensive technology was developed in order to link a multiprocessor computing sys

tem [1], structural analysis [3], and control software. 
* The most important aim of the project was to develop prototype hardware and associated 

software for parallel control, utilizing the new methodology [4]. 
A following topology was designed for precision speed and position control [5], approximation 

algorithms, communication with the host computer and inline process visualization. 
The specified topology, big computing power, the specialized I/O unit and fast communication 

between all processes is the system able to solve problems from the field of study much faster. We 
arc able to use time consuming control algorithm such as the Kalman filter (on one transputer 5-10 
times faster then on a 18086/8087 specialized system), approximation algorithm, and a prediction 
algorithm in a real time closed control loop. On the other hand, this system is flexible, easy to 
rebuild, and expansion by other transputer boards is also possible. 

* The project outcomes were included in a range of graduate as well as postgraduate studies 
(Logic control systems, Modern control systems, Computers for control, Distributed control sys
tems). Summer school "Binary Control" was organized in cooperation with the JEP TEMPUS 
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IMPACT project. New international contacts were established namely with universities that have 
worked in this field for several years (e.g. TU Karlsruhe, ETH Zurich, TU Belfast, TU Valencia). 

In practice, however, the associated technology is still in its infancy and there are major defi
ciencies, The project addresses these in a systematic way. The major areas addressed are: 

i. advancement of methodologies for optimized structural design (including behavioral and 
control aspects), 

ii. advancement of the methodologies for parallel control (realized in real time), 
iii. advancement in multiprocessor technologies 

The outcomes of this project should be accepted as the first part of a more complex project 
that will solve problems connected with the general methodology of distributed control systems 
design. 
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New information technologies have come to stay in teacher education. The courses in information 
technology were introduced into the basic teacher education. At the moTlient, the compulsory course 
is in the nature of a broad introduction into the central areas of knowlcge of information technology. 
Dut now wc have to introduce also specific areas such as communication and presentation. 

We can distinguish two types of teachers education: 

1) Prc-scrvice training, which is normály provided by universities as a pedagogical education 

2) In-service training is a special education, which is designated to the teachers which are already 
teaching at schools 

Wc will focus our attention on the in-service training. We have to recognise that in this field we 
arc in an initial plia.se where many questions seek answer. We must analyse the course of devel
opment as it take place in different systems of education in order to obtain the most appropriate 
approach. 

Strategics for the teacher training are not clear across countries. Most courses only give teachers 
the'basic skills using computer, leaving them to develop its use in the classroom. It is known in 
common that the training of teachers is an important issue. But there is not special system how 
to do it. 

Experience in many parts of the world show, that much of the teachers training in NIT is inef
fective, especially training of teachers in-service. Only a very few such courses were good, mostly 
becouse of the outstanding individuals giving the courses. There is some progress in such courses, 
but we have to say, that the system of in-service education is still missing. We can see many courses 
(on different level) teaching computer programming. Other courses focus on coputer literacy, em
phasizing general tools, such as word procesore (many teachers think about the computer as word 
processor TG02). But there is not enough courses with a pedagogical emphasis, stressing the use 
of the computers in all subjects. Difficulties with these desirable courses stems from our lack of 
knowledge and from our lack of sufficient adequate software to furnish examples of a variety of 
types of usage in a specific academic area. Teachers who have already attended some course require 
further training programme to be initiated for them as development in software and hardware. 

Computers in education teachers training is difficult. Further work in designing such courses is 
needed. This should include curricular materials directed specifically to the teachers. The manage
ment of the use of computers in schools should become an element of all teacher training courses. 

We would like to become involved in the design and implementation of teacher in-servis training 
courses. The design of such courses should be on very good professional level, but it should allow 
flexibility to include items which are considered to be relevant to the special conditions of the 
schools teachers from come, subject to be taught etc. 
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There are basically two groupes of teachers with deferent level of informatic technologies edu
cation: 

• teachers of informatics 

• all teachers 

Following topics are designated to the informatic teachers: 
Computer literacy on the level of problem solving, computer technology, computers in society. 

Topics for all teachers are: 
Basic understanding of NIT, applocation of NIT in teaching, integration of NIT into subjects 

and methods. 
New education possibilities mean creative writing, music, art, simulation, graphics, presentation, 

communications, multimedia etc. 
A set of characteristics for good teachers in-service training programme 

• programme should have some criteria for selecting participants who have desire and potential 
to complete the course 

• programme must have incentives to motivate the teachers 

• courses must be offered in suitable time for teachers 

• courses should contain provisions for some kind of certification 

t courses must provide access to equipment and assistance 

• programme must have strong computer science component 

• programme must contain an inetgratcd educational component 

• programme usually involves cooperation for example between different universities and edu
cational agencies 

• programme requires support and funds 

In the next future we would like to establish such courses for the in-service teachers. 

This research has been conducted at the Department of Computers as a part of the reasearch 
project "Informatics Education Teachers In-service " and has been supported by MMT grant No. 
3856. 
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At the Faculty of Electric.il Engcncering there is a small group of specialists in Airborne In
strumentation which participate in education of our students for our aircraft industry in several 
courses. 

In our Department of Control Engineering we are interested in Automatic Flight Control as 
a part of Flight Management Systems. The advanced tool outlined in [1] has been projected to 
support the education in this course. 

During the last period the problem of digital simulation of Primary Flight Display and its 
presentation on CRT in real time has been solved which was succesfully accomplished in [2]. The 
rate of position changes of the indicator of artificial horizon seems to be quite sufficient (27 fig./s) 
and comparable with profesionál equipment. 

The next task to be solved is flight simulation in real time which consists in the solution of 
aircraft dynamics currently described by linearised differential equations of longitudinal and lateral 
motion of the aircraft around its centre of gravity. These equatins can be given in various forms. 
The procedure of their solution involves three steps. 

1) Trasformation given equations into the state space representation in the form 

dx/dt = [A).x + [B].u (1) 

It is convenient to solve aircraft equations via the space method to obtain the solution for all 
variables occuring in these equations and which are applicable for automatic control of aircraft as 
well. The correct determination of state variables to be measurable is for longitudinal motion of 
aircraft like this 

xT = [v,a,0,d6/dt] 

uT = [6m,Sv] 

where: v = relative air speed 
a = angle of attack 
0 = pitch angle 

are elements of state vector, 
6m= throttle angle 
Sv = elevator angle are elements of control vector 

For lateral motion of aircraft 

xT = [P,l,il>,dy/dt,dt!,/dt] 

«T = [ i*A] 
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where: /9 = sideslip angle 
7 = roll angle 
ф = yaw angle 

are elements of state vector, 
6K = aileron angle 
6s = rudder angle 

are elements of control vector 

By the choice of these state variables and control variables we can transduce the given differential 
equations into the state space represenation with measurable state vector. 

2) The second step is to convert continuous equations (1) into the discrete ones with desirable 
and eligible accuracy. Thus the equations in (1) obtain the form 

*((fc + l)T) = [M).x(kT) + [N}.u{kT) (2) 

where T is sampling period, which is to be determined. 

3) The third step consists in solution of discrete state space equations (2) in real time which 
seems to be the most difficult problem of this part of the project especially in connection with 
computer graphics. 
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Attention is paid to the problem of robot orientation including computation and determination 
of the robot's 3D position based on analysis of 2D visual information captured by a monocular 
camera. 

The solution to this problem may be divided into the following basic areas: surface-based scene 
image segmentation, description of the segmented regions, world model build-up, and geometric 
calibration of the visual system. 

AU the mentioned topics serve for recognition and detection of simple-shaped 3D obstacles as 
well as for matching of obstacles detected to the world model, which is the basis for evaluating the 
relative position and orientation of the robot. 

Region growing methods were chosen for surface-based scene image segmentation. In [1] quite 
stable segmented images are shown. Many problems related to the topology of image regions were 
solved. A new functional representation of regions was proposed based on a homogenity criterion . 
A region-adjacency graph has been created as a structural image description. The problem of image 
segmentation has been transformed into the problem of the definition of a regional homogenity 
criterion. 

Polyhedral objects were assumed, so that the surface curvature remains very low and a poly
nomial approximation of the image function can be taken into account. The second criterion is 
based on colour. Colour is a very important invariant of object surface description which does not 
depend on illumination or surface geometry. In paper [2] are discussed basic colour characteristics 
which can be used in a design of homogeneity criterion . 

The regional boundary which is approximated by lines is incorporated into the regional descrip
tion as a reasonable knowledge source for further processing steps. 

The extraction of invariant descriptors enables us to construct the sufficiently rich representation 
necessary for fast and effective object-to-world model matching. We assume a surface of a rigid and 
opaque object whose generally curved surface is observed from a single view or a set of different 
views. 

One of the problems solved is the question of a possible relation between the local gray-level 
image descriptors and the differential surface descriptors . We show that the relation exists, even 
if the surface photometric model is non-trivial. More specifically, we have found a relation between 
the invariant characteristics of isophotes in the image (curvature, flow-line curvature) and the local 
surface properties (principal curvatures, surface normal). To recover the local surface properties, 
information from some other sources (motion, photometric stereo) must also be available in a 
general case. Then both the quality of the surface and the surface normal at a point can be 
recovered, which is the desired theoretical result. 

The selection of an appropriate world model is very important for the acquisition of the correct 
position . This depends on the type of objects surrounding the robot. In the first approach, objects 
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constructed from ilat surfaces were supposed. A relational graph model was chosen in which nodes 
represent surfaces, and edges, the surface neighborhood. There are two basic methods of world 
build-up: the exact one (based on the exact model description) and the incremental one (based on 
incremental an build-up from many views). 

During both incremental model build-up and scene recognition plays an important role the 
algorithm of matching one world model to another. The state-space search algorithm was used, 
where state space has the shape of a tree. Constrains and heuristics were applied to reduce 
combinatoric explosion, based on surface and edge attributes. 

The geometric calibration of the vhual system determines geometric and optical characteristics 
of the internal camera (focus distance, image center, the intrinsic parameters) and/or the 3D 
position and orientation of the camera frame relative to world coordinates system (the extrinsic 
parameters). 

The purpose of the calibration is to establish the relationship between the 3D world coordinates 
and the 2D coordinates seen by the visual system. When this relationship is established, the 3D 
information can be obtained from 2D information and vice versa. 

The computation of the extrinsic parameters is based on knowledge of the 3D locations of 
certain object points and their 2D coordinates in the camera plane. The solution of this is known 
as passive navigation. 

The complementary problem solves the 3D positions of the certain scone points from their 2D 
projections onto a camera place and their known camera positions. This step may be called an 
obstacle calibration. 
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Interconnection of local area networks (LANs) by routers and remote bridges through point-
to-point communication channels requires to use high speed communication controllers. We have 
been faced by this problem when we decided to create a low priced network elements (bridges, 
routers) based on the PC technology. 

Two points were taken into account: performance issues and existing standards. We developed 
the high performance controller that complies with requirements in both areas. The data rate 
limit of 2.5 Mbps (full duplex) is sufficiently high to remotely interconnect Ethernets without 
presenting any flow limitation and/or unacceptable packet delivery delays. The protocols that were 
implemented correspond to the X.25 CCITT and ISO 8878 recommendations, and the controller 
can use virtual channels of private or public X.25 networks. 

The structure of the X.25 controller respects primarily performance requirements. The LAPB 
link protocol is implemented directly by the MCG8G05 controller that forms the "heart" of the 
device. 

Two-port memory is used for communication between the MCG8G05 controller and the computer 
bus (PC ISA bus). The shared memory architecture permits a high degree of concurrency between 
the MCC8605 controller and the PC ISA bus. The capacity of 32 kB is sufficient to store more than 
50 Internet (IP) packets assuming that the packet has a maximum length of 5G7 bytes. Even in the 
bridged NFS environment where 4kB packets are used the shared memory capacity is acceptable. 

The arbiter that controls the sharing of the memory is rather complicated because of differences 
between the MCG8G05 synchronous bus interface and the ISA asynchronous bus. The arbiter was 
implemented together with an auxiliary logic by the XIL1NX Programmable Gate Array (FPGA) 
technology. The low-end circuit X3020 with 2000 equivalent logic gates has been used. We have 
exploited about 70 % its 64 configurable logic blocks and 61 of its 64 I /O blocks. Since the FPGA 
is a RAM device, the structure of the controller is loaded by the software driver to the circuit every 
time when the adapter starts its operation. This results in high flexibility and allows modification 
of the controller for different environment in the future. 

The design of the control circuit was the first larger task for the VLSI laboratory at the De
partment of Computers. Successfully and very quickly designed logic proved the completeness of 
the VLSI design system and effectiveness of its usage. 

The communication adapter can be connected to different types data channels. The V.24 (X.21), 
X.21 and V.35 CCITT interfaces are supported. 

The controller is equipped with the software driver that implements two link level protocols and 
the network end-to-end protocol. The first link protocol corresponds to the X.25 CCITT LAPB 
standard and is implemented directly by the MC68605 controller. The latter one is the HDLC 
protocol used by Cisco routers, exploits the promiscuous mode of the MCG8G05 controller and 
is partially implemented in software. The end-to-end X.25 protocol implements virtual channels 
and meets requirements of the CCITT and ISO standard. Internet packets are packed into X.25 
packets in the manner that corresponds to the RFC recommendation. 
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The software Interfaces of tho drivor corresponds to the "dc facto" standard in the area of LAN 
communication, to the packet driver Ethernet Interface. Our driver time simulates tho Ethornot 
network connection by the X.26 virtual cliannol(s). 

The controllers were thoroughly tested in difTercnt environments and proved their flexibility. 
We would like to exploit the experience accumulated during the work on the X.26 controller for 
the future development of the ISDN communication controller, 
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Ну connecting segments or areas of the network by the bridge we can overcome limits of the 
maximum distance and/or of the maximum total throughput. Transparent spanning tree bridge 
behaviour is denned by the IEEE 802.1 standard. A bridge connected to two or more LAN segments 
(multiport bridge) analyses the traffic in connected segments and automatically creates its routing 
database. 

Bridges can effectively interconnect geographically distributed LAN areas. By substituting one 
of the bridge LAN ports by a point-to-point port, we will obtain the remote bridge. A pair of these 
devices connected by a point-to-point link transparently interconnects distant LAN segments. 

More complicated routers arc obviously used in multiprotocol networks, but in many cases 
simple remote bridge equipped with a protocol filtering (to avoid, for example, the remote Novell 
access whereas the TCP/IP transfer Is transparently forwarded) can be used. On the other hand, 
the complexity involved in routers need not decrease the clement throughput significantly (by using 
similar programming technology). 

Professional bridges and routers arc complex multiprocessor devices that are able to analyze and 
forward more than the maximum Ethernet traffic (14880 64-byte packets/sec). They are expensive 
and frequently substituted (in academic environment) by simple single-processor PC bridges. 

Performance parameters of the carefully designed lowpcrformance bridge will be illustrated 
on the example of the four-port transparent bridge that was constructed to interconnect Ethernet 
10BASE5 and 10DASE2 segments of our departmental multiprotocol network. The bridge uses the 
386DX PC-motherboard and four WD8013E Ethernet cards. Its control program was optimized to 
achieve the maximum possible throughput. Its performance was finally measured and the resulting 
parameters are as follows: the bridge is able to analyze 16,000 packets/sec and to forward 7,000 
packets/sec. The filtering rate does not depend on the packet length, the forwarding rate is related 
to the shortest Ethernet packet (64 bytes). 

The bridge developed at the Dept. of Computers interconnects four LAN segments. Separate 
segments interconnect VAXes, SUNs and PCs, the last port is connected to the backbone. Several 
segments of PCs are connected to this backbone at Dept. of Control Engineering using the Novell 
technology. Diskless PCs running Novell's Netware required to add additional filtering to the 
bridge algorithm based on the protocol type field and the packet type field. 

In order to have a possibility to evaluate the behaviour of our network under different load 
conditions, we have created the simulation model of the network. 

Our model describes all features of the Ethernet (collision detection, exponential backoff, inter-
frame delay). The network that includes a group of workplaces, a group of servers and the bridge 
was simulated. The model allows us to change the load and the proportion between the local 
traffic (among workplaces and local servers) and bridged traffic (among workplaces and servers on 
different port of the bridge) and to observe queue lengths in interfaces, collision frequency and, of 
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course, the resulting delay, 
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When comparing the performance diagram of the bridge with the simulation results we may 
observe that reasonably distributed traffic in the network (50% load with 25% of the forwarded 
traffic) generates acceptable load for the bridge, even in the four-port configuration. We obtained 
similar results for the remote bridge configuration, where the point-to-point link is equipped with 
high performance X.25 interfaces. These interfaces can transfer up to 2.5 Mbps and were developed 
for the simple router. 

The experience with the low-performance, PC-based bridge confirms our presumption that they 
can be effectively used in noncritical network environment. The main disadvantage of the low-
performance bridges is their higher latency caused by input queues and their lower loose-packets 
limit. (The loose of the packet will cause the packet retransmition by the network or the transport 
level.) Nevertheless, when network applications are respecting network environment (for example, 
the database system uses the database server) then difference between the use of high-performance 
and low-performance bridge is not important. 
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Definition of the roof problem: 
One of interesting problems in architecture and civil engineering which is possible to solve using 

the computer is an automatic geometrical roof construction. Such algorithms arc often included 
in professional CAD systems. For instance AutoCAD Release 11 has a roof construct function 
included in its module AME (Advanced Modelling Extension). But this AutoCAD function (com
mand EXTRUDE), due to using of solid modelling tools, works slowly. The tools arc very robust 
and they create the roof (given as a planar polygon) using intersections in 3 dimensional space. 
However the whole proces is very time consuming. 

Wc tried to create a special algorithm. We found out, that, if the slope of the roof is constant, 
it is possible to transform the problem from 3D space into 2D. In this case, the axis of the angle 
at every polygon vertex divides this angle by two. 

There are two basic shapes of the roof; covcx and non-convex, (as it is shown in Fig 1). 
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Fig. 1: Convex and non-connvex polygons (roof bases) 

Our algorithm works in a very simple way. It recursively cuts the roof step by step into smaller 
slices. The higher the slice is the lower number of vertices the slice has. The cutting is finished, 
when the number of the vertices becomes 1 or 2. Sometimes, the area of a slice is split into more 
areas, which are processed separately. 

There are two basic situations as shown in Fig. 2: 
- If the slice boundary / is convex, the number of vertices of the next storey boundary 1+1 is 
simply reduced by 1 (two axes intersect together, so we loose one point) or by more (if more axes 
intersect in this distance). 
- If the slice boundary is not convex, there are two possibilities: 

a) The number decreases as before 
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b) The number of points keeps the same • this situation occurcs at non-convex area, as shown 
in Fig. 2 (right). 
The axes at point P doesn't intersect the other neighbours axes first, but it crosses the axis 
of the angle between opposite and neighbour segment sooner. In this case the area is spill 
into two parts at every such vertex. 

Fig. 2: Two types of a new storey creation 

The new slice generation starts from the first axes intersection. Next new point is created by 
intersecting of vertex axis by lines parallel to the polyline segments (around the polyline). 
Conclusion: 

We have designed a pilot version of the roof algorithm. It works recursively by dividing (spliting) 
the roof into smaller and smaller pieces. Our implementation works very fast. The next aim will 
be targeted to the roof with a nonuniform slope. 
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The introduction of open CAD systems not only brought a higher degree of collaboration but 
had a significant influence on research. Our experience shows that experimental evaluation of new 
methods, algorithms and tools is crucial [1]. If the evaluated tools can be included into a stabilized 
CAD system, a great amount of manpower is saved. The main internal interfaces of the CAD 
system, i.e. the database interface, the control interface and the user interface must be accessible. 
The idea of the framework as an unification of these interfaces is well known. 

Decause of lack of human resources, areas previously dominated by human experience and in
tuition are subject to automation and algorithmization. The application of knowledge engineering 
to CAD begun in early eighties and spread rapidly as the tasks and objects became conceptually 
more and more complex. 

Knowledge engineering is supported by a number of software environments offering a variety 
of knowledge processing and representation tools and methods. Unfortunately, such environments 
arc implemented as standalone systems and cannot be embedded in other, e.g. CAD systems. 
Hence, experiments with knowledge processing within CAD systems are difficult to perform. 

To overcome this difficulty, a knowledge engineering environment suitable for embedding into 
any open CAD framework is being developed [5], [6]. The knowledge representation as well as 
implementation have been refined to provide a flexible, reusable tool. 

The knowledge representation is based on conceptual graphs introduced by Sowa [2]. The 
development of conceptual graphs was guided by natural language to a great extent. The formalism 
has a graphic representation. Thanks to these properties, the formalism is easy and natural to use, 
i.e. it has a good cognitive ergonomics. Another advantage is that reasoning in conceptual graphs 
can be based on pattern matching as opposed to theorem proving used with other knowledge 
representations. However, techniques based on theorem proving can be implemented in conceptual 
graphs if needed as well as constructs of modal or higher order logic. For the utilization in the CAD 
area, an ability to refer to complex, indirectly identified objects has been added to the formalism. 
Emphasis has been put on efficient handling of metaknowledge which is a key issue for cooperation 
with external databases and user interfaces. 

It can be demonstrated that the availability of formal description of a CAD system, i.e. database 
schema, user interface definition and communication protocols, is crucial for its use with knowledge-
oriented methods. Contemporary tools used for this task, e.g. EXPRESS [3] are not formalized 
completely, which may cause inaccurate interpretation. If an intermediate language, e.g. VHDL, 
is used for communication between the parts of the system, it has to be formally defined as well. 
Also, domain-dependent procedural interfaces like the CFI interface [4] arc difficult to use with 
knowledge based methods, which are domain-independent by nature. 

If the required formal descriptions are available and can be translated in metaknowledge, not 
only the original goal can be achieved but the knowledge processing methods can be used in the 

87 



CTU PRAGUE WORKSHOP 93 - INFORMATICS k CYBERNETICS 

development of the whole system, i.e. as CASE tools. All the formal descriptions can be integrated 
into system conceptual schema. User documentation, data structures and software specifications 
can be derived from the schema, providing a greater degree of consistency and ergonomics. 

Object oriented methods have been utilized to achieve the desired level of reuse and ability to be 
embedded. The main idea of the implementation is as follows. The whole knowledge engineering 
support is implemented as one big class called Conceptual Graphs Processor (CGP). The offered 
knowledge processing methods become methods of that class. If the CGP is to be embedded in a 
particular CAD system, an appropriate class inheriting the original CGP is derived. 

C++, as an industrial standard, has been chosen for the implementation. The recent version of 
the CGP is used at the Loughborough University of Technology, UK, which also participated in the 
development. Current efforts are directed to completing the encapsulation, to the development of 
universal knowledge engineering user interface and to interfacing with CFI-compliant environments. 
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MINIX is a very well known "toy" Unix-like operating system. Written in C, it is in detail 
described in the Tanenbaum's textbook [1]. There are 2 main drawbacks of the original MINIX: 
First, the basic OS functions are implemented as low-level processes, instead of an abstract data 
type (ADT) hierarchy used by procedure calls [2]; as a consequence, these low-level services must 
be used by means of message passing, which slows down the system dramatically. Second: The 
language С does not support ADT concept. Therefore, eventhough MINIX source code is divided 
into modules (files in C), its overall structure is far from to be called transparent. As a potential 
remedy, an objectoriented version of MINIX (called OBJIX) has been designed. 

Initially, the following requirements had been set up: 
- Eliminate concept of task (non-preemptive process) from MINIX by using an ADT hierarchy 

as in [2]. 
- For expressing ADT hierarchy, use class definition and inheritance. 
- As to process abstraction, try to implement the following hypothesis: Prefer the relationship 

"is a part of to "has a" in process abstraction. For example, virtual processor is a part of process, 
(not: process has virtual processor); similarly, synchronization is a part of process (not: process 
has synchronization, or even uses an external tool for that purpose), etc. In other words, if an 
ADT (class) in process abstraction uses its own instance of another class, represent the relation 
preferably by inheritance. 

- Whenever choosing an abstraction, try to minimize influence of potential porting it from a 
mono to a multiprocessor environment. 

- Instead of auxiliary processes called by interrupts, use one of the class method as an interrupt 
service routine [2]. This approach eliminates e.g. the process timer used in MINIX. The idea was 
worked out in two student projects [3],[4] leading to the hierarchy of classes partially shown on 
Fig. 1. 

At present, an object-oriented version of MINIX lower layers, called OBJIX, has been ac
complished. Written in C++, it eliminates concept of task, clearly defines concept of process, 
synchronization, virtual memory, virtual processor, and kernel (called controler). The abstraction 
based on the two class hierarchies, theprocess hierarchy and the controler hierarchy, scams to be 
very well working compromise between the two classical approaches: (1) high-level processes using 
a system of low-level service processes plus a very small kerncl;(2) a large scale kernel as a set of 
(ADT) modules used directly by highlevel processes. Put simply, the OBJIX concept of "enriched 
process" (process is enriched by inheriting other classes Dke synchronization etc.) allows for taking 
the advantage of procedure calls in the approach (2), and, at the same time, keeps the kernel as 
small as the approach (1) does. 
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The aim of the project DOP is to design a simple processor, which could be used as a library cell 
in design of custom integrated circuits. Such processor must be as small as possible. On the other 
hand, we want this processor to be able to support high level language. Therefore the processor 
DOP itself and its high level language support (code generator) are developed simultaneously. 

The main part of the high level language program in an intermediate representation consists of 
expression evaluations. These expressions arc of various types, which does not quite correspond 
to the high level language types. The intermediate expressions are: address expressions, ordinal 
expressions, set expressions, boolean expressions, float expressions, string expressions and general 
expressions. 

Eeach of this type has its specific constants, operands and operations. For example, the ad
dress expressions include all accesses to variables and all operations with pointers. The operands 
of address expression arc addresses of global or local variables, addresses of procedures and ad
dresses of long constants as well. Address expression operations are offset addition, indirection 
and subscription. The length of all address operands is determined by the size of an address space. 
Ordinal expressions, on the other hand, have operands of various lengths and they can be signed or 
unsigned. The length of the operand and of the operation result can be defined by implementation 
(Pascal) or by language definition (C language). The operations in ordinal expressions are the 
usual integer operations and also the usual logical operations on bit representation of operands. 
Similar characteristics have the other types of expressions. 

The operands of all expressions can be classified to five classes: short constants, long constants, 
global variables, local variables and expression results. The main task of the code generator is to 
determine places for expression operands and expression results. So that the first step of processor 
design was to determine individual memory spaces for storing this individual operand classes. The 
next step was to determine the minimum necessary set of registers. 

The existence of PC and SP registers is obvious. The access to the direct constants in instruc
tions is solved by PC register. The access to the local variables is ensured by SP register. A further 
address register (S) is necessary for accessing other operands then the top of stack or immediate 
operands. This register enables moving data from code segment to memory or stack and also from 
stack to memory and vice versa. It is obvious that one register does not allow to move data from 
memory to memory. Because this operation is carried out very often, a further address register 
(D) seems to be suitable. Both this additional registers have post-incremental characteristic and 
so they enable long moves from memory to memory. The post-incremental characteristic of the 
register D is optional so that the binary operations of the kind: A:=A operation B, where A and 
В are long operands, can be carried out. Every additional address register would increase the 
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number of address modes of machine instructions and therefore four address registers: PC, SP, S 
and D seem to be most suitable. The width of these registers (lGbits) is determined by the chosen 
size of address space. 

At least one working register is necessary for non address values. This register (W) serves as 
one input and also as the output of the ALU. It also serves as a working place for the memory 
to memory operations. The width of the W register (lGbits) is the same as the width of ALU 
and address operands. Addition, substruction, AND, OR and XOR operations for unsigned and 
2'complcmcnt 8-bits and 16-bits operands arc available. 

A loop counter is necessary for long moves and long operations. Therefore the 8-bits counter 
(C) and the usual instruction DJNZ were included. The flag register (F) contains usual flags as 
the carry flag, the interrupt enable flag etc. The instruction set enable all necessary operations 
with registers. The memory operand can be one of the short, byte or word type. Automatic sign 
extension is carried out during the load of an operand to the W register. The main translation 
schema for operations with long operands is: 

load S, the address of the source operand 
lo;id D, the address of the destination operand 
load C, the length of the operands 

L: load W, [D ] ; loading the byte of the destination to W 
operation [S+] ; operation with VV and the byte of the source 
store W, [D-f] ; storing the byte of the result to the destination 
DJNZL 

In the case that one operand is immediate one or it is placed on the top of stack, the PC or SP 
register is used instead of S or D. The access to local variables and parameters is supported. These 
operands are accessed by SP register with oflset. 

Uasic arithmetic functions was written for DOP to prove that the instruction set is suitable for 
an arithmetic library. The address registers S and D are used as numeric ones in this case. The 
architecture of the processor DOP is tested on the field programmable gate array XILINX XC 
4000. 

This research has been conducted at the Dejxirtment of Computers as a part of research project 
Development of VLSI Design Automation Methods and has been supported by CTU grant No.8095. 
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The COPERNICUS project had two main aims. Knowledge transfer was the first one, espe
cially training experts for the installation and maintenance of IP based network infrastructure 
(FESNET). The second aim of the project was to develop a cheap routing technology (от transfer 
rates up to 64 kbits per second which could be used for connections of some participants of the 
FESNET network. This contribution describes the solution of the second problem. 

A cheap routing technology has to be built on commonly available computers with a plenty 
of relatively cheap communication adapters. That is why the IBM PC was chosen. It fulfills 
the availability requirements and its performance guarantees required throughput. In the public 
domain there exist several TCP/IP implementations, which could be also used as routers. In the 
time of starting the project, routing possibilities of those implementations were limited only to 
Ethernet and asynchronous adapters with the SLIP protocol. The bottleneck of such router is 
caused by the characteristics of asynchronous adapters and modems. The highest transfer rate of 
this technology is 19200 bit per second. For this reason synchronous adapters and modems had to 
be used. 

From many synchronous protocols the following are more frequently used for transferring IP 
datagrams: 1IDLC, LAPB, X.25 and PPP. The encapsulations of IP/HDLC and IP/LAPB are not 
standardized yet, they are used in CISCO routers only. PPP, the fourth protocol is relatively new 
and not spread enough. The IP/X.25 encapsulation is well documented, a X.25 driver is available 
for all known IBM PC synchronous adapters. This driver could be used as the base for building 
a router. As the public data networks are based on the X.25 protocol, the X.25 technology is 
important for connection over these networks. 

To build the router, the only necessity to do was to write a special packet driver which encapsu
lates IP datagrams into X.25 packet sequences and handles virtual circuits in accordance with [1]. 
In this driver there are two different interfaces: a packet driver interface, which is a connectionless 
interface between communication device driver and TCP/IP protocol stack, and the connection 
oriented X.25 level 3 interface of the synchronous adapter driver. A lot of public domain TCP/IP 
protocol stacks works only with Ethernet drivers. The IP/X.25 packet driver has to claim that it 
is an Ethernet packet driver. Application software packages likely use the Address Resolution Pro
tocol (ARP) to translate the IP address to an appropriate Ethernet address. Hence, the ARP has 
to be emulated. IP/X.25 packet driver traps all ARP requests and formulates its own ARP reply. 
Address translation is simple; the target IP address is mapped through the address translation 
table to the target Ethernet address. The IP/X.25 packet driver accepts complete Ethernet frames 
from the application software, strips Ethernet headers and extracts IP packets from the data por
tion of the Ethernet frames. If no virtual circuit is in use, a new one is established. Then the IP 
packet is fragmented to complete X.25 packet sequence. On the receiving side, the IP/X.25 packet 
driver assembles incoming X.25 packet sequences and extracts IP packets. An Ethernet header is 
prepended to the IP packet and the resulting Ethernet frame is passed to the application software 
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package. The source address in the Ethernet header is formed from the source X.25 address using 
address translation tabic as well as the destination address from the destination X.25 address. 

Two IP/X.25 drivers were written - for OST's PCXNET and SYNAPTEL's SYNMPI X.25 
boards. Although those adapters are completely different, a lot of code is common. The driver 
consists of three layers. The top layer is the packet driver layer with the usual protocol stack 
interface and operations. Medium layer implements IP/X.25 encapsulation protocol and low layer 
provides adaptation to the board producer's driver. The adaptation is necessary because there is 
no standard of calling X.25 level 3 driver in DOS and every producer has his own interface. For the 
high driver throughput in the adaptation, achieving a good synchronization between drivers was 
especially important. Both versions of the driver were tested with the KA9Q, PC Route, NCSA 
Telnet and PC Dridgc. Doth boards were tested opposite to Sun 3-60 with Sun-Link on 9600 Bd 
and CISCO AGS+ on 64 kBd, and the throughput was adequate. PCBridge, one OST and one 
Synaptcl board and 64k baseband modems are currently used on leased phone line between two 
parts of Czech Technical University in Prague. 

Experience with routers mentioned about showed that their flexibility and performance is not 
acceptable for our future needs. Our next step will be to look for some general technology that 
permits to improve all parameters. 
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Modelling of behaviour of parallel systems is a well known discipline. Many algebraic theories 
have been developed for this purpose. The complexity of behaviour being modelled varies from 
finite-state behaviour, i.e. finite and regular processes, to infinite-state behaviour, i.e. context-free 
and general processes. 

If such a theory is implemented on a computer, the model is usually reduced to finite-state 
processes only. The reason is the following: transformation algorithms used in modelling are based 
on a state space principle which should be finite. Otherwise, the transformation will never end (in 
fact, it will crash due to the limited amount of computer memory). 

One way to solve this problem could be to find a new algorithm based on some other'(but 
unknown yet) principle. Another way is to detect the infinitcness of states of modelled behaviour 
during the transformation. Detected infinite-state processes will not be transformed. 

This approach has been developed and used in an implementation of a Structural Theory of 
Concurrency (STC). It is based on a detection of recursion loops with nonempty right context 
during process transformation. 

The transformation algorithm produces an equivalent description of a process in the normal 
form where each of process states is described by a single equation. This is possible only if the 
right context of all recursive calls is empty. 

A behaviour of a process P defined by an equation P = E is described by a process expression E. 
This expression is constructed using process operators. An overview of binary operators w.r.t. the 
emptiness of the right context of a possible recursive call of P is in Tab. 1. 

process expression 

empty right context 

£+P 

yes 

E;P 

yes 

P;E 

no 

E\P 

no 

Tab. 1 

Since the algorithm is too complex to be described here, it will be illustrated by following 
examples: 

Example 1 A process P = a;b\P+c \s called recursively. The right context of the recursive 
call is empty and the process is equivalent to a process in the normal form Po - a\P\ + c; Pj, 
Pt = b; Po, P% =NIL. The process P is able to perform a sequence of actions (ab)nc, n > 0 and it 
has three process states. 

Example 2 A process Q = a;Q;b+c is called recursively with nonempty right context. The 
process is able to perform a sequence of actions ancbn, n > 0 and it has infinitely many process 
states. There is no equivalent process in the normal form. 
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Example 3 Processes 11 = a\b;S, S = R+c are called by mutual recursion. The process R is 
called with empty right context in the second equation, but the process S is called with nonempty 
right context in the first equation (this is not visible from the equation, but it is discovered during 
the transformation of the process). There is no equivalent process in the normal form. 

Example 4 A process 7' = (a;bl\b\;T)\b+c is called recursively with empty right context. This 
will be discovered during the transformation. The process is equivalent to a process in the normal 
form To = n\T\ +c;7'2, T\ = b;To, T2=NIL. This process is equivalent to the process P from the 
Example 1. 

The implementation of STC is a modular system (Fig. 1). 

user interface 

lex. and synt. analysis transformation detection 

Fig.l 

Parallel processes arc modelled and transformed to the normal form. Termination, deadlock and 
divergence are detected. The system can be extended by other components, e.g. for simulation of 
behaviour, equivalence reasoning, etc. 
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The embedding problem for multiprocessors with distributed memory is defined as the problem 
of optimal mapping task graph describing parallel programs onto the interconnection networks 
of the multiprocessors. Optimality of an embedding is achieved by minimizing simultaneously its 
dilation, expansion, load, and edge-congestion (see [1,2] for definitions). 

A static embedding maps a task graph onto the target multiprocessor network before the com
putation starts. The problem of static tree embedding into the hypercubc with dilation, edge-
congestion, and load equal to 1 is known to be NP-complcte. 

Tree-structured computations are often dynamic. As the computation progresses, the tree may 
grow or shrink in a manner that may be impossible to predict beforehand. The decision on embed
ding is made without any knowledge about the yct-not-existing subtrees. In [2], two randomized 
algorithms for embedding an M-vertex tree into an N-vcrtex cube were described. The first one 
achieves dilation 1 and with high probability load 0((M/N) + log N). The other one achieves 
dilation 0(1), with high probability load 0((Л//ЛГ) + 1), and edge-congestion 0((M/N)+ I). 

Here, wc propose a randomized algorithm for dynamic embedding of an arbitrary binary tree into 
the hypcrcube. The cost-measurements of randomized embeddings of various rooted trees based 
on the same free tree should be within 0(1), mainly the edge-congestion and load. Particularly, 
the algorithm should make no difference between left and right children. Also, it should have 
comparable performance for both sparse and dense (complete) trees and for both regular and 
irregular trees. 

Let Qn be an n-cube, n > 6, and N = 2n. Let Г be a rooted binary tree of size M < N. The 
randomized algorithm proceeds as follows: 

Each vertex x of T contains its flip-bit, denoted fb(x), with a value randomly chosen from {0,1}. 
Each vertex x in V(T) at level l(x) from the root (the root has level 1) is assigned a track number 
tr(x) = /(x)modn. Let +„ and - n denote the operations modulo n. Let у be the last vertex of T 
embedded in Qn. His children vertices are embedded as follows. 
if fb(y) = 0 then 

left-child.of(y) (if exists) embed into dimension tr(y) -„ 1; 
right.child.of(2/) (if exists) embed into dimension tr(y) + n 1;} 

else 
lcft.child.of(y) (if exists) embed into dimension tr(y) -„ 1; 
right-child_of(jf) (if exists) embed into dimension tr(y) +„ 1;} 

When applied to dense trees, the algorithm suffers high load and edge-congestion due to frequent 
embeddings of subpaths of length 4 into squares of Qn. There are several solutions. Among them 
the following modification shows the best experimental results. 
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Lot d bo a direction of tracking the vertices of 7\ If d = 1 (rf= -1), the track numbers increase 
(decrease) towards leaves of the tree, respectively. Assume without loss of generality d = 1 and 
assume that a vertex y, with a track number к +n 1, flips its bit fb(y) and gets a dimension к for 
embedding its child leading to a square. If there exists only one child of y, it can be embedded into 
the dimension к -f„ 2 by force, regardless of the value of fb(y). Assume now that у has a second 
child to be embedded or that there arc two children of у to be embedded. Without loss of generality 
assume that the square is due to the left edge which is to be embedded into the dimension k. Then 
split the vertex у into two halves. The right part will keep the original track number of у (i.e. Л.-+1 
in our example) and the right subtree will be constructed without any changes of track numbers 
and direction d and it will be attached to the right part of y. bet a be a randomly chosen number 
from the set {1,..,«} - {k -f 3f/, к + 2d, к + d, к, к — d). Assign s — d into the track number of the 
left half of у and change the direction d. Proceed further with embedding of the left subtree using 
new track numbers and new tracking direction recursively and attach it to the left part. 

Clearly, the dilation of this randomized mapping algorithm is 1. The experiments show that the 
load and edge-congestion is 0(M/N) with high probability and we are currently in the process of 
proving these cost-measurements of by using probabilistic results and considering random walks 
13]. 
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The radiosity method is a popular shading technique which creates smooth transition between 
the light and shadow. The demand of time is not proportional to the desired resolution and we 
need not to recalculate the scene when changing position of an observer as we do, for example, 
when using Ray-Tracing. The principal advantage of this method is that it is based on physical 
theory of the given problem. 

The time consuming part of the algorithm is the calculation of so called Form factors which 
specify geometric relationships between two surface of the scene. We can calculate Form factors 
for either surface of the scene as: 

where 5,-, Sj - surfaces of scene, 
r - radius of sphere. 

The solution of the integral is unfeasible, therefore wc use so called Nusselt analogy. We can 
project all ambient surfaces on the unit hemisphere, which is positioned in the center of the given 
area. This projection transforms sphere area on the hemisphere. We use orthographic projection of 
this area into the base of the hemisphere for the calculation form factors. In practice this method 
is rather time-consuming. The form factors are independent on the shape of surface, but they 
are dependent on the size of the projection only. Therefore we can replace the hemisphere by the 
hemicube (Fig. 1). The disadvantage of the calculation of form factors when using the hemicube 
is caused by the repetitive projection of every surface of the scene to every face of the hemicube. 

In order to eliminate this redundancy, we can project all scene to raster. The raster must cover 
all viewing angles. Every raster point corresponds with part of the viewing angle. Then every part 
of the viewing angle corresponds with so called delta factor. The size of the raster is constant 
during solution, therefore it is sufficient to calculate delta factors only once at the beginning for 
fill raster points and store the value into the table. The form factors calculation means to sum 
the delta factors over the whole raster only. Л considerable advantage of the method is the time 
saving, because all (N-l) surfaces were projected only once in comparison to the original method 
of hemicube when projections are repeated five times. The method of sphere buffer looks optimal 
for projection of ambient surfaces to the selected raster. 

The method of the sphere buffer removes some disadvantages of previous method based on 
the plane raster. The solution of form factors of single areas depends only on that part of the 
viewing angle, which specifies the given area. The regular division of the area results in an irregular 
division of viewing angle. The method of sphere buffer removes this problem. This method is 
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Fig. 1: Projection of the surface onto the hemisphere and hemicube 

not complicated. At first we transfer Cartesians coordinates of the planes in the scene to Polar 
coordinates: 

i = г sin Í cos a 

у = r siní cos a 

г = r cosi 

We continue in our solution with this polar coordinates. It means that we apply the method of 
Z-bufFer. We accelerate the transfer of coordinate systems, when we calculate function values of 
sin and cos over the wliole angle at first and we put these values into the table. The advantage of 
this method is the regular division of the viewing angle and also errors connected with the transfer 
from hemisphere to hemicube are omitted. Therefore the resulting display will be more realistic. 

This method of using the sphere buffer is quite a new idea and it is still under research. The 
implementation of the whole system for radiosity is being prepared. 

A very important problem is the full implementation of a radiosity method. It is obvious that 
the computation is very time-consuming. A part of our research was the full implementation of the 
radiosity method in the PC environment. Due to the simplification of the form factor computation 
(where only one hemicubc face is used) the time needed to compute the whole picture has been 
reduced considerably. Another part of our research was the combination of the radiosity and ray-
tracing methods. The results obtained are very satisfactory. 
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When working with a typical CAD system we can find that description of a drawing is very 
time consuming activity because it requires a large amount of information which a user must input 
in the system. In practical applications we can be often faced to the situation when the system 
should generate a scries of drawings that describe very similar products. The idea is that there 
should be a master drawing that can be parametrized in such a way that different drawing parts 
can change their size. 

A parametric drawing represents a family of objects that share the same topological constraints, 
but differ from one to another in their geometric characteristics. The user/designer must have the 
possibility of modifying parameters so as to obtain a particular component from the family of 
standardized elements. 

The relations inside a drawing part could be defined in terms of constraints. From this point of 
view we can consider the master drawing as an object that contains a certain amount of implicit 
information. The amount of information supplied by the user to obtain an instance of the drawing 
is relatively small. 

Here we come to the crucial question which form and nature the constraints should have and 
what the formal means for the constraint description are. The form and nature of constraints are 
heavily influenced by the application. Another point of view is the level of the formal description. 
The most simple case (which has been already used in some commercial systems) is the situation 
when there are some fixed points in the drawing. All other important points determining the 
shape of an object are divided into classes where each class is attached to one point. There arc 
constraints which determine the distance between "fixed" points and point whose position can be 
parametrized. 

Another approach works with constraints of a more general nature. The relations among objects 
can be expressed in terms of relations like perpendicularity, two lines must be parallel etc. This 
general approach requires means for the formal description of constraints. The means which best 
suit for our requirements are graphs of relations. In the graph, the node represents a geometric 
entity (point, line, circle, segment) and the edge represents a particular topologie relation. A family 
of drawings is represented by such a graph of relations. 

A very important problem is the implementation of means which can describe or create the 
graph of relations. One approach is to describe the graph by means of a specific language. It is 
possible to write a program that is translated in the form of a graph [1]. This approach is more 
suitable for the situation when the relations are expressed in terms of distances between entities. 

Another approach to the implementation of the graph is the graph description in the environ
ment of some system - like e.g. AutoCAD. This approach has several advantages. First - the user 
works in a well defined environment that he knows from previous experience. The data describing 
the drawing can be easily drawn by means of standard functions available in the system. 
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The basic idea is to attach a parametric block to the master drawing. There are two levels of 
usage of the parametric block: 

1) creation of the block, 
2) modification of the block (= creation of one instance of the master drawing). 

The parametric block contains two groups of constraints: explicit and implicit ones. The first 
group of constraints is specified by the user and the second group is created by the system itself. 
These constraints are those that are determined "automatically" during the course of the drawing 
of the master drawing. When e.g. two consecutive linos are drawn as perpendicular, this relation 
is automatically stored. That means that the master drawing is drawn by moans of AutoCAD 
functions to create the set of implicit constraints. When the master drawing is drawn, the user can 
select different entities in the drawing and define explicit constraints between them. 

There are several problems in the implementation of the above given strategy. It is necessary 
to implement a module "Intelligent Constraint Finder" (ICF) that discovers implicit constraints 
in the master drawing. This module has direct access to the database of the AutoCAD system. 
Implicit constraints are then stored into extended data of AutoCAD entities [2]. Another problem 
is to ensure the coherence of constraints. It is necessary to find out whether all constraints can be 
satisfied. This requires the exact analysis of mutual relations among constraints (how one constraint 
can influence another constraint). 

Some practical experience with constraints has been gained from the previous work [1]. This ex
perience has been used during implementation of pilot modules of the system. These pilot modules 
contain routines which enable creation and manipulation with parametric block. The experiments 
made have shown the usability of the approach suggested and the whole system will be further 
developed. 
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In the WORKSHOP 92 I described new approaches for realistic rendering of three dimensional 
scenes with the help of a method called ray-tracing, namely two dilTercnt methods for speeding up 
this process. These methods arc based on the idea, that the computing of intersections between 
the ray and the objects takes more than 70% of the time needed to compute the whole picture. 
That is why the scene is decomposed into voxels which are not of the same size. 

During this year I have worked on the implementation of the second method [1], where we 
traverse through the scene with a constant step, called BTU (Basic Traversal Unit). BTU is the 
size of the .smallest voxel in the decomposed scene. 

The information about the decomposed scene is not presented in the form of an octree structure, 
but in the form of tables and hash function. One table for every level is used. The octree structure 
is used in the phase of decomposition only. The size of each table is different for every level, 
increasing with a the level of the decomposition. The determination of the right size of these tables 
is still under research. The tables arc not so large to inform about all voxels on the particular level, 
because this is not memory eflective. For the decomposition into four levels we need more than 
80 klí, and for every consecutive level we need 8 times more memory. That is why the information 
( when needed ) is added to these tables dynamically. 

It is important, that only leaves of the octree are stored in these tables. Each entry in these 
tables contains a list of pointers to the objects presented in the relevant voxel. When we test, if 
some objects arc in the relevant voxel on the »th level, we must work with a list of objects in 
the voxel on the n — llevel. Hash function used here is modulo(s), whore г is the table size of the 
relevant level. 

The traversing through the prepared scene is realized synchronously in two planes. At the 
beginning of the traversing variable с is initialized with a value: 

с = s - pr • s/MAX-M.HTU + dr • (MAXJUJITU • s) 

where 
s = dDA/dPA, 
pr - position of the ray in the passive axis (PA), when the ray enters the scene, 
dr - same as pr, but in the driving axis (DA), 
МЛХ.М JÍTU - size of the BTU. 

The variable с inform us about the direction of the next step. In the rase of a step in the DA 
axis the variable с is decremented, when wc move in the PA axis с must be recomputed. 

During the traversal we must first search the parent of the BTU. When wc find an object inside 
this parent, the intersections must be computed. When there is no object, or no such intersections 
exist, we will do several BTU steps until the actual BTU is still inside the parent. 
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This algorithm is used to realize that: 

uhileC TRUE ) 
i f ( ( PARENT.! XOR ( BTU.i » level ) II 

( PARENT.j XOR ( ETU.J » level ) 11 
( PARENT.k XOR ( BTU.k » level )) 

return; 
else BTU = DDA_step(); 

Wc must then search a new parent and this cycle is repeated. 
This method is applied for all rays in the scene: rays from eye positions, reflected rays, rays of 

the transparent objects and rays from light sources. 
The implementation of this algorithm is written in С language on the SUN SPARCSTATION. 

The first results have confirmed the presumptions. For a scene with 216 spheres arranged into a 
cube and for decomposing into four levels the computing takes seven times less time against the 
classical ray-tracing algorithm. We must keep in mind, that average number of objects in a typical 
scene is more than thousand and contribution of this algorithm is considerable. 

Our research continues and we prepare several improvements of the method described above 
like skipping big empty voxels or optimization the tables. 
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Data compression [<1] is ma.de possible by large amount of redundancy within data. This redun
dancy is mainly caused by: 

- repetition of symbols, phrases, and words, 
- nonuniform symbol distribution within data, and 
- dependencies between successive symbols. 
To use this redundancy means to predict the next symbol, and to use this knowledge for the 

compression. The prediction of the next symbol in fact means an estimation of the probability 
distribution for the next symbol. For this reason a model of data is used which contains the 
probability distribution. 

An encoder and decoder used for compression and decompression must have the same model. 
There are three ways how both the encoder and decoder can manipulate the same model: static, 
scmiadaptivc, and adaptive modelling [1]. 

Adaptive modelling means that the encoder infers the model from the data being compressed 
and the decoder infers the same model from the compressed da[Dta. Hence, the created model is 
well-suited for the data being compressed, the model is not included in the compressed data, and 
the encoder does one pass for encoding. 

Data compression means modelling and coding. The arithmetic coding encodes [3] a source 
message arbitrarily close to its entropy. Therefore, the arithmetic coding is the solution of the 
problem of the coding in the context of data compression. 

Data modelling is a process of assigning probabilities to source units. If this assignment reflects 
real statistical properties of compressed data, then the compression ratio will be high. The most 
sophisticated adaptive models used are based on the finite-context modelling. 

Finite-context models are a special case of the more sophisticated finite-state models. Finite-
state models are finite-state automata. Similarly to the other types of models, a finite-state model 
may be either given in advance or constructed during processing the source message. The latter 
approach leads to an approximate finite-state model. Such models are constructed in the adaptive 
manner and may have the advantages over other adaptive models. 

Two approaches are used for the construction of finite state models in the context of the data 
compression. The first one is based on construction of a finite automaton accepting given finite 
set of k-tuples extracted from modelled data. The second approach, dynamic Markov modelling, 
[2] starts with a simple initial finite automaton and adds new states to it by the operation state 
cloning. Both methods are equivalent to finite-context modelling. Other usefull methods can be 
based on an inference of a finite automaton as in the pattern recognition. This aproach consists of 
construction of a finite automaton accepting a training set of patterns and then a modification of 
it to accept an infinite set of patterns "similar" to those of the traning set. 

105 

http://ma.de


CTU PRAGUE WORKSHOP 93 - INFORMATICS & CYBERNETICS 

This approach shows, that the problem of construction of a finite automaton reflecting regular 
language nature of modelled data, belongs to the area of machine learning. Therefore also neural 
networks may be used for this purpose [5]. Recent results show, that the training of neural network 
to become a perfect finite automaton is possible. 
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ATRAG is an .acronym for Attributed TRAnslator Generator. A family of translator generating 
systems of this name has been developed at the Department of Computers since 1976. The last 
of them, ATRAG 4.0, is based on the method described in [1], [2] and is able to'generate a 
translator from a conditional L-attributcd grammar. It has been implemented in Turbo Pascal 6.0 
for IBM-PC computers. 

The ATRAG 4.0 system takes as input a specification of a translator which is given in the 
form of a conditional L-attributcd grammar written in a special language that ATRAG provides. 
The underlying context-free grammar is an extended context-free grammar; it means that regular 
expressions are allowed at the right-hand sides of productions. Attributes can be associated with 
any symbol or regular expression. ATRAG distinguishes three kinds of attributes: in (inherited) 
attributes, out (synthesized) attributes, and in-out attributes. The in-out attributes have proper
ties of both the inherited and synthesized attributes, and constitute a useful tool for expressing 
semantic dependencies inside regular expressions. 

Semantic rules arc written as statements of a target language (Turbo Pascal or C). ATRAG 
chocks the semantic rules for completeness and makes copy-rules for missing ones if possible. 
Correctness of the semantic rules from the target language point of view is not checked by ATRAG. 

After reading and chocking the grammar specification, a translation scheme (see [1]) for the 
CLAG is constructed. This construction has two results: a set of productions of the translation 
scheme and a set of procedures which correspond to action symbols of the translation scheme and 
perform semantic operations over an attribute stack. When the translation scheme is constructed, 
ATRAG tries to transform it into an ALL(l) form in which all LL(1) conflicts are eliminated or 
solved using an attributed selection of production. If the transformation is successful, an attribute-
directed top-down parser can be generated. This parser is implemented as a set of procedures 
performing recursive descent. These procedures can be alternatively generated in Turbo Pascal or 
С 

The structure of the system is shown in Fig. 1. The ATRAG program reads and checks 
an attribute grammar, creates the translation scheme, transforms it into an ALL(l) form, and 
generates binary files with an internal representation of the translation scheme. The ATRGENP 
program generates Turbo Pascal source files from the binary files. The ATRLIBP library contains 
predefined modules for the generated translator (e.g. a scanner). User declaration file contains 
declarations of the routines called from the semantic rules occurring in the grammar specification. 
In addition to the ATRGENP program, there is also a program ATRGENC available that generates 
translators in the С language. 
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Fig. 1: 

ATRAG has been used as a tool supporting the development and implementation of several 
commercial compilers. For instance, the front-end part of a Pascal compiler for processor Intel 
8090 family was specified by a conditional L-attributcd grammar with non LL(1) syntax (the source 
language was Turbo-Pascal-like extension of the standard Pascal). The specification contains about 
120 nonterminals, 230 productions and more than 400 semantic rules. Several parse conflicts 
are solved by semantic conditions (e.g. distinguishing between different classes of identifiers). 
After LL(1) transformations, the translation scheme contains approximately the same number of 
nonterminals and productions as the original CLAG. The parser was generated into Turbo Pascal 
and took about 4500 source lines (the whole compiler has about 30000 source lines). 
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Covering problem is a problem of selecting items from a larger set in such a way that the 
selected subset satisfies certain constraints expressed as a boolean formula in conjunctive normal 
form, and its cost remains as low as possible. 

Covering problem has many applications in a large number of areas including design automation 
and operations research. The most popular examples are Quine-McCluskey's method of minimiza
tion of boolean functions (unatc covering problem), and state reduction in incompletely specified 
FSMs (binatc covering problem). 

With the exception of trivial cases (see [5]) covering problem belongs to the class of NP-hard 
problems. The only way to find an optimal solution of an instance of this problem is thus an 
exhaustive examination of all its configurations. It is obviously extremely time-consuming, other 
methods are thus of gencrtil interest: 
- Reduction and Decomposition 

This approach is based on the fact that a particular problem instance can be analytically made 
smaller in size and/or eventually decomposed into several (possibly smaller) instances. Both 
reduction and decomposition rules can be divided into two groups - rules guaranteeing that all 
optimal solutions will be kept (proper reduction or decomposition) and rules guaranteeing that 
at least one optimal solution will be kept. 
Repeated application of reduction and/or decomposition rules can lead directly to an optimal 
solution. Generally, however, there is no guarantee that such an approach will be successful. 
This is why the process of reduction and/or decomposition must be combined with exhaustive 
or heuristic seiirch techniques. A couple of reduction rules for the binate covering problem have 
been proposed and decomposition of this problem was partially investigated in [5]. 

' Í ' 

- Heuristic approach 
This approach is often used for many NP-hard problems, even if algorithms of this type do not 
guarantee that an optimal solution will be found. Heuristic approach to the covering problem 
was discussed in [3] and [4]. 

' - Efficient exhaustive search techniques 
Algorithms including exhaustive search may be applicable in practice even if their asymptotic 
worst-case time complexity is not bounded by a polynomial. The most important goal then is 
to reduce the number of examined configurations of a particular problem instance. Two efficient 
exhaustive search algorithms were published in [5]. 
We have been working on various algorithms for the covering problem for more than one year 

because of its importance especially in the field of design of electronic circuits. This short report 
summarizes our results in this field, more detailed description of algorithms, and analyses of their 
asymptotical worst-case complexity can be found in [3], [4] and [5]. 

We have developed and implemented the following algorithms: 
- Size reduction algorithm using several various reduction rules. 
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- Algorithm for estimating lower bound of the cost of the optimal solution. 
- Two versions of an effective exhaustive search algorithm. 
- Two versions of a heuristic algorithm. 

All the above-mentioned algorithms have been analysed theoretically and tested experimentally 
on a large number of randomly generated examples. Results can be summarized as follows: 
- EfTcctivity of the reduction algorithm decreases dramatically with the size of a problem instance, 

at least for randomly generated examples. 
- The value of the lower bound estimate of the cost of the optimal solution may be quite important 

for reduction of the number of configurations examined by an exhaustive search algorithm. 
Unfortunatelly, both the average quality ratio of our algorithm, and the percentage of found 
perfect estimates have been too low to be used in practice. 

- Both implemented versions of the exhaustive search algorithm are extremely computationally 
expensive, even if one of them shows significiintly better results than any other method reported 
in the literature (sec [1], [2]). 

- Average quality of results delivered by the both implemented heuristic algorithms is very good 
(in average just 7% worse than the optimum) while their computational requirements remain 
within reasonable limits. 
Furthermore, we have examined the influence of various characteristics of a problem instance 

on the execution time of the above-mentioned algorithms. Generally, we can say that the most 
important feature is the size of the problem instance (reason is obvious). Another important 
feature for the search algorithms (both heuristic and exact) is the cost of the optimal solution. 
The influence of other characteristics is much lower. 

Generally, wc can say that the only method suitable for practical use is the heuristic approach 
reported in [A] delivering good suboptimal solution in a reasonable time. 
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The traditional approach to the graphical manipulation has the following scheme: 
1) choice of a geometric object 
2) selection (and performance) of the action with the object selected 
This implies the conclusion that this sort of manipulation has a "unary" character: one object 

+ one operation. In case we would like to involve more objects or more actions in one manipulation 
step we must define relations among different objects. If there is a manipulation with an object 
there can be derived another manipulation with another object (or group of objects). This "sec
ondary" manipulation is the result of the interpretation of the relations given. There are several 
ways to describe the relations. 

In further we shall investigate the object oriented approach where each geometric object is 
considered as an object from the point of view of OOP. This gives an opportunity to introduce a 
new scheme of the manipulation. The object oriented manipulation is used in graphical systems to 
support interaction with objects which control interaction like buttons, sliders etc. Our approach 
covers the manipulation with application specific objects. Another topic which was the target of 
our research was the object based manipulation with objects in 3D. As an application where this 
approach could be used the algorithm animation has been chosen. 

The algorithm animation has been the subject of intensive research in last years [1],[2]. Al
gorithm animation is the process of abstracting the data, operations, and semantics of computer 
programs, and then creating animated graphical views of those abstractions. 

For the given application (algorithm animation) it is sufficient to display objects in the text 
mode with the use of semigraphical symbols. This gives a considerable speed up to the display 
process. The screen is represented as an array where each array element represents a position of an 
object or a part of an object. As the object moves it is necessary to create tools for the description 
of the trajectory along which the object is moving. 

It is a very simple language for the description of a trajectory. It contains statements to desribc 
the movement of the objects in the four basic directions. Composition of these staments creates 
a program which describes the object trajectory. The objects which are currently moving are 
called the active objects. The programs (trajectories) assigned to these objects are interpreted in 
accordance with the following scheme: 

The active objects are inserted in the list of active objects. This list is processed by the 
procedure MoveObj which is invoked by interrupt of a timer. Each call of this procedure performs 
one step of the trajectory of each active object (presented in the active list). This procedure can 
be considered as a very simple example of a processor which processes the program in the language 
by the help of which we can describe trajectories of objects. 

As examples which could show the application of the given method several sorting algorithms 
have been used. In the simple algorithm like e.g. BubbleSort the trajectory of objects can be prede-
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fined by the user. In some more general algorithms the trajectories arc computed "automatically" 
by methods assigned to objects. 

The above given principles were used in the design and implementation of the system which 
animates algorithms in 3D space. In this case we arc faced to the problem which is known from 
desktop systems - to accommodate a large amount of information on the screen we allow the 
overlapping of some objects. That means that the trajectory description also includes z-coordinate. 
The space where the objects were moved has been represented as a 3D array which has been 
transformed during the visualization process into 2D array representing the screen. 

This system makes possible the control of several objects moving concurrently. That means 
that we have a tool for the implementation of complicated animation. The system was tested on 
several examples where a large number of objects moved concurrently in 3D space so that the 
ovcrlaping had to be solved. We can use the system for sophisticated algorithm animation where 
more objects must be moved concurrently. 
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Problems of combinatorial optimization seek global minimum of the function cost C: S -> R, 
where S is the state space and R is the set of real numbers. The most interesting problems are 
computationally intractable, their solution cannot be found in time that is limited by a polynomial 
function of the input data. 

In this article we present an implementation of a new method [1] for solving one of the most 
famous problems of combinatorial optimization, the graph partitioning. In this problem, two 
components of an unoriented graph G(V,E) have to be found. The components should have equal 
number of vertices, while the number of edges connecting the components is minimal. The state 
space represents the set of possible bipartitions, the cost has the meaning of the number of edges 
connecting the components. 

The method of adjacency matrix narrowing (AMN) was developed in [1]. The method works 
with the graph adjacency matrix A and it consists of two steps. During the first step, adjacency 
matrix is narrowed. The narrowing process minimizes the distance of the " 1 " elements from the 
main diagon.il. The diagonalizatkm is performed by the diagonalization automaton: 

procedure DIAGONALIZATION.AUTOMATON; 
COLUMNS.MOVED := TRUE; 
repeat 

if COLLUMNS.MOVED then Sort rows in ascending order; 
if ROWS.MOVED then Sort columns in ascending order; 

unt i l N0T(R0WS_M0VED) AND NOT(COLLUMNS.MOVED) 

After each sorting we receive a new permutation of indices. The sorting of rows (r) and columns 
(c) is performed according to the following criterion : 

N N N N 

n = E j aa) i (]C e«) ci= E ' e«) / E e«) 
3=1 j = l 1=1 i=l 

The process of sorting is optimized by implanting new values (called elasticities) into the main 
diagonal of the adjacency matrix. 

The so far described algorithm is able to generate a matrix having local minima of the distance 
from main diagonal. The techique of perturbations (mutual exchange of blocks of indeces in the 
permutation of indeces) is applied after local minimum has been reached. 

The second step consists of generating the components from the narrowed matrix. The compo
nents are generated using a "sliding window" that moves along the main diagonal. The optimal 
position of the window is established when maximum number of " 1 " elements is inside this window. 
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The described algorithm has been implemented on 32 processor Transputer based multicom
puter T-NODE [2]. The algorithm has been written in OCCAM language which allows a user to 
define the Transputer interconnection topology (see Fig.l). 

Fig. 1: 

The most time consuming part of the algorithm is the sorting process. The speedup can be 
achieved by arranging the Transputers into a tree, where the adjacency matrix is stored in leaves. 
Each leave stores |V|/16 rows and coUumrts of the adjacency matrix. The root processor per
forms the main algorithm (generating perturbations, testing the equality of permutations, sliding 
window), the other nodes (Sorters) perform the mcrgesort based sorting algorithm. Results of com
parison of the sequential (1 Transputer) and parallel (31 Transputers) algorithms are as follows 
(times are given in seconds): 
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Our contribution to the ČVUT Workshop '92 reflects the state of the art of an international 
research project. The partners arc Department of Computers of Czech Technical University of 
Prague and the Department of Applied Physics of the Delft University of Technology of Delft. 
The goal of the project is to develop a Reconfigurable Neuronal Accelerator. 

The behaviour of neural networks can be simulated on classical computers or parallel systems 
like hypercubc multiprocessors, transputer networks, or array processors. Quite another way is the 
technical implementation simulating neural networks by means of neurochips (integrated circuits 
based on a neural network theory). With such integrated circuits, neural networks with a various 
number of neurons and various topologies can be simulated. The simulation of neural networks in 
this way is faster in comparison with the simulation on classical computers and the cost is essentialy 
lower than the cost of parallel systems. The response of such a simulated neural network to input 
stimuli can be so short, that it may be used in real-time applications. The result of our research, 
wc would like to present on the Workshop, is the Reconfigurable Neuronal Accelerator (RNA) for 
IBM-like personal computers. 

The RNA is based on the MD1220 Neural Bit Slice Chip (a product of Micro Devices, USA). 
The MD1220 is a fundamental building block suitable for the construction of real-time neural 
network systems controlled by microprocessors. The slice architecture, containing eight digital 
neurons in one 68-pin PLCC circuit, enables versatile interconnectivity and easy expansion. Each 
neuron generates its binary output according to the equation describing the behaviour of the formal 
neuron: 

у = S(E,WÍX,-Q), 

where у is output of neuron, w,- is the weight associated with the synaptic input x,-, 0 is threshold, 
and S is a non-linear (usually sigmoidal) function. The MD1220 provides only hard-limiting S 
functions. 

The development of the RNA included the design of the following topics: 
- an ISA (or another standard) interface, 
- a RAM interface to store the synaptic weights interactively, 
- an Interconnection Architecture, which enables tiie emulation of different neural networks 

algorithms, 
- a BIOS-like software package which will support the basic Accelerator function, 
- a higher level software shell, which supports the user interface and the specific Accelerators 

functions, including the learning phase for the selected Neural Network algorithm. 
The RNA has been designed to provide the ability to simulate two types of neural networks with 

diflerent topologies. The first type is a multilayer network with the full interconnection between 
pairs of layers. The network provides sixty-four binary inputs and three layers with thirty-two 
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neurons per layer. The second type is one-layer network; its neurons are mutually interconnected. 
The layer consists of thirty-two neurons and the network provides the same number of inputs, 
lloth types of network are shown in Fig. 1,2. 

output lifer 
output layer 

О Input 

Fig. 1 multi-layer network 

О Input Q neuroo 

Fig, 2 single-layer network 

The kernel of the RNA consists of four MD1220s that constitute one layer with thirty two 
neurons. Each of MD1220 has one 8KB RAM memory for storing synaptic weights and thresholds. 
The input data are stored in 8 eight-bits wide registers, whose content is moved to MD1220 during 
simulation. Results are available directly in one of the MD1220's registers. The changing of a 
contents of RAM, data registers, control registers, and gaining results by a host computer ensure 
the Host Interface Circuits. The controlling of the RNA during the simulation of a neural network 
is relatively complicated because input values must be put into the MD1220 in exact order and 
different pages of RAM must be switched according to the type of neural network and the state 
of simulation. The block diagram is shown in Fig. 3. 
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Fig. 3 RNA block diagram 

The first RNA PC board is already operational. Our design was approved by its realization 
and testing. A lot of investigation was made with small SW neural net models. They are now 
rcimplemented on the RNA and the increase of operational speed is now tested. The second version 
of RNA with an improved performance is now prepared. 

This research has been conducted at the Department of Computers and has not been supported 
by any grant. 
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Formal specifications were already accepted as a necessary precondition for more effective pro
gram development. Many CASE systems use almost formal form of specifications to describe 
developed system. The more the specification language is format, the more the generation of 
target code is possible. 

The only limit is the existence of a specification language compiler, that can be used to produce 
either the target code or at least the prototype of it. That is the point, why the most formal 
specifications are not in common use, because their compilers are not available. 

In the field of algebraic specifications the very known specification language is OBJ, see, e.g., 
[1]. The main aim of this research is an attempt to develop an OBJ compiler, that produces 
sufficiently efficient code to be used as a prototype of a specified item. 

An ODJ specification is not a procedural one. The target function is specified by a set of 
transformation rules, that describe how the result of the function application can be reached. The 
straightforward way of interpretation of a specification is to do it via term rewriting. 

The function application is expressed as a term including actual arguments. Such a term is 
then rewritten to the term without the specified function symbol. The result of this symbolic 
computation can stand for the expected function value. If the specified rewriting system has the 
terminating and uniqueness properties, rewriting can be used as a prototyping tool. 

For this purpose we proposed an abstract rewriting machine (ARM) [3], that serves as an 
intermediate model of rewriting. One method how to compile OBJ specification into ARM code 
was proposed in [2]. The principle of this method is to construct a function skeleton from an OBJ 
specification. This language independent internal representation was then expressed in the ARM 
code. 

For the sake of testing, the interpreter of ARM was build and used to simulate the specified 
function behaviour. Results of these experiments enable to correct the input OBJ specification to 
match proposed user requirements. 

Succeeding step is to translate the ARM code into some convenient programming language to 
produce sufficiently efficient prototype. Several attempts were made in this field, but results still 
do not fulfil expectations. The problem is for example the backward detection of points, where 
the decisions have to be made. 

The needed information can be found at the language independent function skeleton. The 
independency of the function skeleton enables to transform it into arbitrary target language. 

The proposed future research is the direct translation of a function skeleton into C, that promises 
the effect of resulted prototype. Another research area that also remains open are miscellaneous 
optimization either in the language independent form, or in the target code. 
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Turboprop engine's computer model, especially three shaft variant [1] is a very difficult problem 
in transition regimes.The original engine has a twin - spool gas generator and a free - turbine 
driven propeller shaft. This structure of the variant engine represents one of the most complicated 
thermodynamic and mechanical arrangements with a large dispersion of parameters, particurally 
in development. 

The starting mathematical model of this engine is based on the thermodynamic equation de
scribing fundamental cycle of working media, mechanical arrangement and equilibrium conditions 
of steady state regime. During calculations the specific heat at constant pressure of working media 
is assumed in the account as the function of the fuel - air ratio and the temperature. The initial 
data for calculation arc the ambient air and flight conditions at the inlet of the engine, fuel supply 
or the combustion chamber total temperature and the propeller - turbine shaft speed. 

The low pressure and high pressure compressors are described by total pressure ratio and relative 
total temperature rise as the functions of mass flow rate parameter for varying speed parameter. 
The high pressure and low pressure turbines are described analogically. The propeller turbine's 
and exhaust system's characteristics are joined into one part [2]. 

The conditions for transition regimes: during the transition regime, when the engine accelerates 
or decelerates, the conditions are determined by the mechanical coupling of compressor - turbine 
shaft systems, by equality of static pressure at the engine outlet and by the mass conservation law 
- both given by basic movement equations corresponding with algebraic and differential equations. 

The resulting data involve all thermodynamic parameters at each chosen modul of engine, the 
propeller shaft power, the additional engine thrust, the specific consumption, the low pressure and 
high pressure shafts speeds as the functions of time. 

In principle attainable transform properties corresponding with determinated set up of com
puter's engine model are occur in two verified ways of the change: (I.) through the mediation of 
parameters of analytic relations, courses of system curves of moduls - two compressors and three 
turbines and bypass conditions. (II.) through values of independent parameters: turbines mechan
ical efficiency, inlet and combustion efficiency, characteristic areas of compressors and turbines, 
compressors and turbines efficiency, air bleed or cooling air mass rate, other power consumption 
from shaft and momentums of inertia, with keeping parameters' values and system curves in all 
characteristics coresponding to "etalon" or "average" engine. 

The first way is very elaborate. In addition the compressors' and turbines' characteristics of 
modules do not reply to the characteristics of the isolation stages. There are different influences 
of the interactions. Practically full quantification of the interactions is not executable. It is very 
unfavourable and aggravating result of verification of the computer model. 

The second way is less elaborate. Values' changes of the independent parameters are executed 
in the interactive regimes. It is necessary to know which independent parameters' change must be 
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realized in every casc.The complex static and dynamic analyses are necessary to be executed for 
tlirse purposes and for the construction of technical stage matrices. It is possible to determine the 
changes of combination of independent parameters with their help. 

The verification of the model is realized by the application of experimental data from land and 
flight test only [3]. Some great errors aggravate situation, e.g. mass flow rate of fuel at combustion 
chamber inlet. 

The second way of adaptation will necessarily be to tested more detailed on three engines at 
least. All these solutions are significant for the set up and diagnostics of three shaft propeller 
engines and their automatic control systems. 
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As the Starting Phase (SP) of a complex process there are understood (in the paper) the techno
logical procedures and decision activities which return the process to its standard operation (after 
interrupt of function or after the period of maintenance operations). The start of dcisobutanizer 
column operation runs in conditions when the main actions of automatic control system have small 
influence and the technological process is in full competence of manual control and the decisions 
of Human Operators, 

The function of the Knowledge Based Control Support System in SP of deisobutanizer column 
operation follows mainly these points : 

t The SP of dcisobutanizcr column operation represents ill identifiable process [1] and there is 
impossible to use analytical model. 

• Though the expert rules for SP control are very simple, their interpretation and appropriate 
content are uncertain (and depend on situational context and on the actual Knowledge and 
skills of Human Operators). 

• The time needed for SP (e.g. 8 hours or sometimes 24 hours) and the quality of deisobutanizer 
product (both these factors have direct economic evaluation) depend mainly on actions of 
Operators. 

Within the framework of the grant research there have been explored these problems : 

• The validity of analytical description of deisobutanizer process (balance and dynamic depen
dences) by differential and algebraic equations and unequalities.(This description was used 
as an explanatory material for Knowledge Engineers to understand the balance and dynamic 
relations in the column). 

• Knowledge Acquisition (KA) phase using the method of Focused Interview and supporting 
tool SAZE. The goal of KA phase was the set of fuzzy statements of the type 

Wile 
®Щ=>{@У1,...,@уп) (1) 

where u; are inputs to SP process, y\,...,yn arc outputs of SP, u;,* arc weights of fuzzy 
statements and @ are symbols from the set {+, 0, -) which represent qualitative changes of 
output variables {increasing, neutral, decreasing).(In our case » = l,...,5,n = 6). 
These fuzzy statements completed by additional informations about the SP processes (mo
tions of state variables values and data files of SP runs) constituted the base for the synthesis 
of SP qualitative model (formed by fuzzy modus ponens statements for the first approxima
tion and by rules for the second approximation). 
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• For the Synthesis of the qualitative model there have been considered the rules of the type 

[(C(t)),(H(t))) =>W[( ,U D(<+l)) ,(D(/+t)) ,<7/(ť + l))] (2) 

with relations 

Ы(1+1)) = t[S,{H(t)),(w(C(t)))] (3) 
(//(/+1)) = ll\D(l+l),{WD(t + l)),(H(t))) (4) 

where C(i) are conditions of rules, //(i) are values of state variables of the process (e.g. 
temperature of column head, concentration of isobutan in head product, pressure in the 
column, quantity of reflux flow, quantity of input mixture flow, etc.), w(C(t)) are weights 
of conditions of the rules, D(t -f 1) are outputs of rules (values of state variable changes), 
'"£)(' + 1) 'ire weights of rule outputs, S denotes the structure of the rules and Í is time of 
SP process (symbols (x) denote vectors). 

Supposing correct structure of rules (S) - the degree of identifiability of SP process by qualitative 
model is quite high [1] and the Tuning of qualitative model structure (/,//) could be realized by 
linear estimators (considering validity of additional informations about tuning process [2]). 

The field for verification of the results there is situated in the Gas Separation Section, column 
C4 of Oil Refinery in Kralupy «ad Vltavou. The first results obtained by use of qualitative model 
utilizablc by column operators are expected during the april 1993. 
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Methods of fault detection in control systems based on so-called analytical redundancy fall 
into two main principles i.e. the methods using either the system state estimation or the process 
model parameters identification. A new modification of parameter estimation for fault detection is 
presented based on the assumption of discrete data and a discrete model designed on the frame
work of Delta-transforms. This modification resulted from previous experience with applications 
of identification methods in cases where a higher level of noise in measured data is to be expected. 

The principle idea of employing parameter estimation in fault detection was firstly published 
by Isermann (1980), [1]. It consists in repeated identification of a process model the parameter 
values of which are statistically tested and compared with the corresponding values in a non-faulty 
case. If a kind of continuous model is chosen this method requires to determine derivatives of input 
and output functions used in the model differential equations. On the other hand the version of a 
discrete model identification leads to a non-robust behaviour of model parameters in the relation 
to input/output noise influence. 

Due to alternating sings of difference equation coefficients relatively low errors in measurered 
data often cause rather high differences in model parameters. 

With respect to this experience a new modification of model-based fault detection method was 
developed. The model and data processing remains discrete but instead of the usual Z-transform 
structure it is based on the delta transform relations (delta = operator of discrete difTerentation). In 
spite of that different model structure the identification results in the usual type of linear equation 
set 

y = Mp+e (1) 

where у and M is a vector and a matrix of output and input samples respectively, p is the 
parameter vector to be estimated and e are the unknown errors. The solution of this set minimizing 
the square error criterion has the well-known form 

p=[MTM]-lMTy (2) 

The described identification is continually peformed on measured input/output data of the 
process to be monitored. In repeated trials the resulting parameters appear as stochastic variables 
with respect to approximate character of the model and to the measurements errors. During a 
non-fautly operation (training) of the process the parameter sequences pi(j) are characterized by 
reference mean values p,-„ and dispersions s?0. 
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Any further operation may lead to more or less different behaviour of p,(j) which results in 
some different p; and dispersions 

'?i = £E0"tf>-ft»)a (3) 

and 

As the significant test quantitty it was derived [1] 

di = Ы/siof - ln(s{2/si0)2 - 1 (5) 

and if this quantity exceeds the thresholds given by the apriori probability of the non-fautly 
operation case a fault occurrence is detected. 

The described modification of model based fault detection has been tested by simulation exam
ples only, so that it is not yet presented as an application-ready tool. 
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The majority of simulation problems appearing in different scientific branches is described by a 
mathematical model which has the form of a system of partial differential equations (PDEs). Usu
ally such systems of PDEs are solvable only numerically. Excluding simple cases the development 
of a numerical code for solving the system of PDEs is a tedious and time consuming task. The 
paper deals with the methodology which uses computer algebra systems (CAS) to help during code 
development. The advantages of the methodology include: increasing the speed of development; 
eliminating bugs in the numerical code; possibility of rapid modification of numerical algorithms. 
The finite difference method for numerical solving of PDEs is considered. 

The recent research presented in the paper is based on previous results and includes improve
ments of the CAS REDUCE package FIDE [1] and developing new algorithms and methods of 
using computer algebra during different stages of the numerical code development which include: 
PDEs discretization, i.e. transformation of differential equations into algebraic equations (differ
ence scheme); analysis of difference schemes properties as stability or truncation error; numerical 
code generation, i.e. transformation of the difference scheme into a numerical source code which 
solves the scheme. 

For the discretization stage the support-operator method [2] has been fully formalized on non-
orthogonal, logically rectangular grids. The method works with discretizatrion of first order invari
ant differential operators like div or grad. The difference operators approximating these differen
tial operators are'eonstructed so that the difference operators have properties similar to integral 
properties of the differential operators. In other words the method guarantees that the difference 
approximations of integral relation between the differential operators hold. The formalization of 
the method is based on the concept of grid function spaces with the grid function scalar product 
approximating the scalar product of continuous functions. The difference operator is constructed 
on the whole grid including boundaries. The non-zero boundary conditions are included into the 
grid function scalar product. The method has been implemented into the GRIDOP module which 
has been included into the FIDE package as the second discretization module. 

The module APPROX of the FIDE package, which determines the truncation error (order of 
approximation) of a difference scheme by Taylor expansion of discrete function values, has been 
extended so that it also works on non-uniform and/or non-orthogonal, logically rectangular grids. 
The properties of the grid can be defined by declaring on which grid indices the coordinates of 
grid points depend so that it can be used also for adaptive grids. The module APPROX has been 
interfaced with the GRIDOP module. 

For the stability analysis the FIDE package employs the Fourier method with the von Neumann 
stability condition. Locating roots of polynomial in this condition is transformed to the Routh-
Hurwitz problem and this problem by the Lienard-Chipard criterion to a set of inequalities which 
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have to hold for all wave numbers for the scheme to be stable [3], [1]. For algebraic elimination 
of generally quantified wave numbers from inequalities the QEPCAD (Quantifier Elimination by 
Partial Cylindrical Algebraic Decomposition) package [<J] can be used. The quantifier elimination 
results in stability conditions in the form of logical expression built from inequalities containing only 
parameters of PDEs, grid and difference scheme. The time complexity of the QEPCAD algorithms 
is very high, oven if it uses the best known iilgorithms, and requires using the package for one 
inequality per one run. For complicated inequalities produced during the stability analysis of some 
difference schemes the package has extremely large time and memory requirements. More details 
are explained in [5]. 

The numerical code generation stage has been extended by the capability to generate code 
for solving a system of linear algebraic equations resulting from linear difference schemes on logi
cally rectangular grids. For implicit difference schemes the generated code calls numerical libraries 
routines for which it prepares their input parameters and extract their outputs. 

The paper summarizes the recent results in the methodology of using computer algebra during 
the development of numerical codes for solving PDEs by the finite difference method. The new 
results include full formalization and implementation of the support operators method for PDEs 
discretization, truncation error analysis of difference schemes on non-orthogonal grids, using al
gebraic quantifier elimination method in stability analysis and generation of numerical code for 
solving arbitrary linear difference schemes. 
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Modern information technologies including integrated computing systems (ICS) with symbolic 
computing facilities, artificial intelligence, and intelligent databases are finding their way into 
communication of knowledge. Their marriage with more traditional applications of computing 
technology in instruction/education for computer assisted instruction (CAI), numerical simulation, 
and data evaluation can have a powerful effect on the way we teach at all levels of education. 

This paper describes the progress in research related to potential applications of information 
technologies in university education of physical sciences and high-tech engineering conducted at 
the Faculty of Nuclear Sciences and Physical Engineering. Some previous results of this work have 
been summarized in [1], [2]. 

When analyzing potential useful applications of computer science products and methodologies 
in physics/engineering education in the undergraduate curriculum, we have to look for a balanced 
use of three fundamental approaches to teaching: listening, doing and browsing. A possible very ef
fective solution of this task is to build an open authoring and learning computer based environment 
- we call it Coordinated System of Programs (CSP) [3]. 

The scheme of a such system includes authoring and hypercard facilities, tools for numerical, 
graphical and symbolic computation (a small ICS represents a significant part of the CSP) and 
software supporting cooperative use of the set of commercial programs. Our concrete solution of 
the system for MS DOS environment uses several software products based on authors work and a 
set of cost-effective commercial programs [3]. 

The next step in applications of modern computer science results in the communication of 
knowledge in university education process should be a complex Electronic Working Environment 
(EWE) for instruction/research for upper-division undergraduate curriculum/graduate study [4]. 
The idea of such a system includes intelligent features of the authoring tools, application of in
telligent databases and a link to a powerful computing facility. A key package of the system is a 
sophisticated, commercially available ICS. 

Our work in the referred period related to EWE concept was concentrated mainly on some 
pedagogical and technical problems connected with the use of these systems in higher physics 
education [5]: ICS and fundamental physics skills development, ICS as a physicist's professional 
tool, ICS and education of theoretical foundations of high-tech. 

Two courses for the newly established study branch of Engineering Informatics at the Czech 
Technical University of Prague - Physics for Information Science, Computer and Information 
Physics, emphasizing the results of the research described in this contribution, should demonstrate 
a concrete application of presented concepts and experiences. 
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The Physics for Information Science course destined for lower-level undergraduate curriculum 
uses the authoring system GENIE, liypercard package ENCYCLOPEDIA and a set of standard 
inexpensive programs with the ICS DERIVE as a tool for symbolic computing. 

The Computer and Information Physics course should serve as a pilot course for step-by-step im
plementation of the EWE components. It will use packages Mathematica and Maple as alternatives 
for sophisticated ICSs. The course will be delivered for upper-division undergraduate curriculum 
and graduate study. 

Examples of the courseware developed for these courses demonstrate that the application of 
modern tools and concepts of computer science can introduce fundamental innovation to the edu
cation process in physics and engineering. 
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The development of MLPMS [1] has been divided into three stages: 

stage 1: A Design Study, completed middle of 1992 
stage 2: Current MLPMS development - part 1, end of 1992 
stage 3: Implementation of part 1.- beginning of 1993 

Part 1 is the physical part of MLPMS which is broken down into two data bases: a network 
referencing plus a road inventory plus condition data, and enquire plus report which, in turn, are 
grouped into module 1. 

The structure of MLPMS: The logical design was structured to allow flexible implementation 
and acceptable user-friendly arrangements. Two types of modules are included in MLPMS: those 
considered to be the "core" and which must be part of any PMS, and other optional modules. 
The module 1 is a core module concerned with data storage, and updating and interrogation. An 
engineering view of the structure of module 1 is shown in Fig.l. 

INPU'l 
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Fig. 1: Logic flow chart of module 1 of MLPMS 

Network Referencing and Network Mapping: The highway network stored in the MLPMS which 
is broken down into sections defined by 

- the nodal point (the node's number is the unique key for each section), 
- the length (between adjoining node points), 
- the direction (to or against chainage). 
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Network Referencing provides facilities for users to read, update, add, delete and report on 
sections and their attributes. The road network is represented by an animated road map of each 
county enabling by the selecting on computer screen direct access to all data files. Module 1 edits 
on the screen all required items from both the inventory and the condition data. 

Road Inventory: The Road Inventory database provides a tool kit for storing and maintaining 
inventory data.Items are stored by chainagc and in cross-section position by lanes. It is in the 
intention that several items must be filled up by the user (county authorities). Module 1 will 
actually function with minimal inventory items stored, however, the accuracy of the system is 
greatly enhanced by keeping defined basic item inventory information. 

Condition Data: MLPMS contains methods of assessing all bituminous and semirigid pavements. 
Assessment can be made by 

• a visual inspection using one, or a combination of the following methods 

- a coarse visual inspection by car, 
- a detailed visual inspection by foot, 

• machine-based surveys using 

- one-function diagnostic devices (SCRIM for skid resistance, Deflectograf for bearing 
capacity), 

- the multi-function device ARAN (for roughness, rutting, distress, etc.). 

Condition data arc used for selecting treatments and for setting priorities. 
Reporting: The report lists the sections or routes and/or features and shows, for user-specified 

options, road inventory item and condition parameter.Independent of road type Module 1 can 
operate based on four files: SECTIONS, NODES, ADJOINING and PASSPORT (defined set 
of network referencing and inventory items). This module as implementation of issues will be 
disseminated to county authorities at the end of 1992. The physical module 1 of the MLPMS, 
named PUMA RW [2], will be disseminated to 72 counties. It is being sponsored by the Road 
Fund Administration of the Czech Republic (US No.112292). 
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The research was aimed at finding the possibilities of applying the methods of the theory of 
pattern recognition to reservoir-controlled run-off in real time, particulary in the drier periods, 
which must be considered adverse as far the storage function of reservoirs is concerned. The 
methods of the theory of pattern recognition were applied to the classification of hydrological and 
meteorological situations in the past according to various symptoms, as well as to the search for 
symptoms of similar development in the situations in progress. Various algorithms were derived 
enabling identification of optimum reservoirs run-off at every step of the decision-making process 
under the conditions of stochastic indeterminacy. 

The sol of the hydrological and meteorological situations observed was represented with the help 
of an n-dimcnsional random vector. The decision concerning the reservoir operations was based 
upon the classification of that vector. The fittingncss of the examined dry period in progress was 
dealt with using the symptoms method. It was evaluated using the euklidcan, Lancey-Williams, 
Tchebyslicv or Hemming distance of the vectors of symptoms. The hydrological and meteorological 
situations were characterized by the continuously measured and accessible symptoms (the stored 
volumes of water in the reservoir at the end of every month, the average monthly inflows into the 
reservoir, the monthly precipitation, the number of dry days in the month, the number of the days 
of anticyclonic synoptic situation and the average temperatures). For all the quoted symptoms 
their respective moving expected values were gradually recorded from July till February, when in 
the Orlík profile of the river Vltava the dry period invariably finishes [1]. 

The number of symptoms is theoretically unlimited. But from the point of view of the theory 
of information an aswer should be given to the crucial question concerning the informative con
tribution of each of the new symptom to management. As far as the symptoms in the sphere of 
hydrology and meteorology are concerned, their contributional value is difficult to assess in ad
vance. An analysis was therefore undertaken of the sensitivity of the effects of management to the 
changing number and various choice of symptoms. The results of the research supported the expec
tation that the introduction of a larger volume of information into the process of decision-making 
can have an effect that is far from negligible: a 20-ř30% rise on the hitherto practised mode of 
management according to the character of the input conditions. Reliability of the information is 
of course of decisive value. 

The research proved that the theory of pattern recognition offers valuable methodological pro
cedures to be applied to the management of reservoirs in real time in the drier periods. With the 
volume of information on the values of hydrological and meteorological quantities augmented, the 
learning models that had been derived before could well be upgraded and positive effects achieved 
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in the form of cuts of the economic losses due to the failure to supply the expected volumes of 
water. The methodological procedures of the theory of pattern recognition can therefore be re
garded as progressive technologies of management contributing to the upgrade of the processes of 
decision-making in reservoirs management, as well as to rationalization of the water management. 

From among the hitherto unsolved problems of basic research into the possibilities of applying 
the theory of pattern recognition to the decision-making processes in the field of water engineering, 
particular mention should be made of the derivation of admissible thresholds in the evaluation of 
the similarity of the vectors of symptoms, the precisioning of mathematical representation of hydro-
logical and meteorological situations based upon deeper investigation of the physical regularities of 
their development, and the generation of synthetic time series of the decisive symptoms, incl. their 
mutual correlations. In the field of applied research it would be useful to test the methodological 
procedures of the theory of pattern recognition on still other reservoirs, to derive simple models 
of decision-making to be used for practical purposes and to consider the optimum length of a 
decision-making step. 

References : 

[1] NACHÁZEL, К. - PATERA, A.: Theory of pattern recognition in real time reservoirs man
agement, in Czech, Vodohospodářsky časopis, 1992, 3, 241-273 

This research has been conducted at the Department of Hydrotcchnology as part of the research 
project "Mathematical models of reservoirs management'' and has been supported by CTU Faculty 
of Civil Engineering grant No. 1132. 
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DEGRADATION PROCESS OF HIGHWAY 
PAVEMENT DUE TO TRAFFIC CONDITIONS 
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Finding the solution to this problem is important for highway engineering in order to increase 
pavement lifetime and the efficiency of its construction, and thus improve traffic conditions. Results 
of this research are also one of the necessary bases for the Pavement Management System. There 
are two main parts of this research topic. 

1. Improvement of asphalt pavement quality. 
The existing experience with the use of foreign elastomer modified asphalt binders and the 

effort to use thin asphalt layers and special asphalt courses has led to the development of new 
asphalt binders in Czechoslovakia. Obviously the good practical results had to be confirmed by 
further tests to demonstrate the effectiveness of layers produced with new asphalt binders and the 
usefulness of modification to justify the higher production costs [lj. 

For the comparison tests a fine graded asphaltic concrete 0-8 mm thick, with an optimal as
phalt content of 6.3% was chosen. As binder the following bitumens were used: the semi-blown 
road bitumen AP-80, the modified road bitumen Mofalt SMA-65 (a blend containing the ther
moplastic caoutchouc Carifiex TR 1101), the modified road bitumen SMA-G3 (a blend containing 
(lcvulcanizcd rubber), the modified road bitumen AP-80 (a site-produced blend containing Carifiex 
TR 1101). 

These tests have proven beyond a doubt the suitability of the elastomer modified asphalt binders 
to improve the properties of asphaltic concrete mixes. In comparison with the use of normal bitu
mens, these modified mixes are able to obtain a much higher resistance to permanent deformations 
at high temperatures (especially over 40°C) and a better temperature susceptibility at the same 
time. The above mentioned improvements are clearly manifested in the case of dynamic and short 
term repeated loading. 

The tests with modified bitumens have also demonstrated an important improvement at low 
temperatures; the mixes with elastomer modified bitumens are more flexible under a long term 
loading and clearly have a higher resistance to cracking at low temperatures. The service life 
of such courses for surpasses that of the unmodified ones. By the use of the bitumen modified 
with devulcanized rubber an important improvement of fatigue properties (service life) and of 
the mechanical behaviour at low temperatures can be obtained. The positive results of elastomer 
modified bitumens have undoubtedly indicated that the improved properties could have a positive 
influence on the stress distribution in pavements and therefore could lead to thinner asphalt layers. 

If the increase of the pavement service life were very high in relation to the design period, the 
improvement of quality parameters could be used to reduce the thickness of the asphalt layers. 
This reduction is proportional to the traffic volume and can, on average, reach 3 to 5 cm for heavy 
traffic volume and about 2 cm for low traffic volume. 
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2. Deriving representative traffic figures 
Information regarding traffic flow constitutes an essential basis for maintaining and improv

ing highways. For this reason, it has proven necessary to carry out traffic surveys covering mea
surements of quantity (traffic volumes) and also analysis of traffic flow movement quality (speed 
stability, safety). 

As for traffic volumes, the main purpose of this research is to show how the characteristic of 
fluctuation patterns of traffic flow may be used in estimating the traffic flows and for the basis 
of traffic census methods. Just as traffic fluctuates through the day, it also fluctuates depending 
on the day of the week and the months of the year. Of course there are important differences in 
fluctuation between passenger cars and lorries. To get more information about volume variations 
we have been analysing data from special measurements taken with Highway Fund Administration 
(SSF Praha) equipment. 

The samples of one hour volumes of traffic we analysed as a stochastic time series with the 
periodic components. After subtracting a sample mean we can form the following model: 

к 
Tt = 4$2ajS\n(frt + Pj) (1) 

i=i 
where / is time, /<is one hour volume of traffic, fj is frequency for chosen period, pj is phase shift, 
dj is amplitude and к is a number of considered periodic components. 

Fig- 1: Example: Traffic flow in Břežany, working days (Sept. 1990) length of cars: 0-500 cm, 
period 1: 24 hours, period 2: 8 hours sample mean: 28.85 
Model: /, = 28.85 + 26.49sin(0.26< + 1.11) + 6.99sin(0.79t - 1.06) 

As for the analysis of traffic flow movement quality our work has been concentrated to determine 
the relationship among speed stability of traffic flow and fuel consumption, enviromontal impacts 
and traffic safety. The Floating car method has been used for measurements in various traffic 
and road conditions. In cooperation with the Centre of Technical Development at Škoda Mladá 
Boleslav wc have been using their car model Škoda Favorit 135 L for this research, aiming at an 
evaluation of some car testing methods ("Urban cycle", "Europa test"); also we have looked at 
simple parameters for the speed stability survey as a part of this research. 
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CTU, Computing Centre, Zikova 4,100 36 Praha O 

Key words: local area network, backbone, communications protocol 

The DAMIS local area network project is the first complex communication system at the campus 
of the Czech Technical University in Praha - Dejvice. The DAMIS backbone connects four nodes in 
the main university buildings. The local subnetworks are connected to the backbone by dedicated 
bridges for separating local network traffic. These are built as independent parts of the DAMJS 
and the faculties, arc responsible for them. 

The DAMIS network is of star topology with its central node located at the Computing Centre 
of CTU. This node includes a inultiport repeater with Fibre Optic and Coaxial/AUI Repeater Line 
Cards, primary and secondary name servers, gateway and router Cisco AGS+/3 for connecting 
DAMIS to the CESNET (Czech Educational and Scientific Network). Three DAMIS nodes arc 
placed at the faculties and one in the CTU Computing Centre. These include multiport repeaters 
with Fibre Optic Bridge Line Cards and Coaxial/AUI Repeater Line Cards and a AT 386 computer 
as server with Unix interactive operating system. 
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The backbone consists of Ethernet running at 10 Mb/s on fiber-optic cables. The parameters of 
these cables allow for a change to a 100 Mb/s FDD1 ring in future. Fundamental communication 
protocol is TCP/IP but it can carry additional communications protocols if necessary. The Cisco 
router will be used for connecting departments outside the campus by leased telephone lines. At 
present, the department of the Faculty of Electrical Engineering at Karlovo namésti is connected 
using a PC bridge with X.25 protocol and 64 kb/s speed, The Faculty of Nuclear and Physics 
Engineering departments (at Břehová and Trojanova street and Troja) are currently connected 
by PC routers while in the near future will be replaced by Cisco routers CGS/3 and IGS/R.The 
diagram of the DAMIS backbone is shown in Fig, 1. 

The basic services available to every user are as follows: 

1. Access to IDM mainframes located at CTU. 
These are the IBM 3090, IBM 4381 and IBM 4341 mainframes located in the Computing 
Centre of CTU and another IBM 4381 located in the Computer Centre of the Faculty of Civil 
Engineering. These computers have application software dedicated specifically to scientific 
and research computing. 

2. Access to international computer networks. 
The DAMIS is a part of INTERNET and users can use its services (electronic mail, remote 
login, file transfer), The IDM mainframes are also connected to the EARN (European Aca
demic, and Research Network) and the users can use all services provided via that network. 
Via CESNET, the EUNET network (network of Unix-based computers) is accessible by the 
EUNET node located at The Prague Institute of Chemical Technology. 

3. Access to local information databases. 
One of the DAMIS servers, "anezka.cvut.es", ofTcrs an on-line library catalog of CTU libraries 
(Faculty of Electrical Engineering, Faculty of Mechanical Engineering, Faculty of Civil En
gineering and Computing Centre of the CTU). Databases for management of Faculties and 
of the whole CTU are now being built. Science and economics information will be accessible 
for personnel of CTU and from other universities. 

4. Access to UNIX computers. 
These computers are mostly RISC based workstations running under the Unix, HP-UX 
and Ultrix operation systems. At present, four IIP 9000 series graphic workstations (in the 
Klokncr institute, the Faculties of Electrical and Mechanical Engineering and in the Com
puter Centre of the CTU) are connected to DAMIS network. Some other computers of that 
power (the DEC 5900 in the CTU Computing Centre , IBM RS 6000 at the Faculty of Civil 
Engineering and VAX 781 at the Faculty of Electrical Engineering in Karlovo náměstí) are 
also connected. Several connected SUN workstations are located at different places on the 
campus. 

At present, the number of connected computers is approximately 600. 

7VIIS research project has been conducted at the CTU Computing Centre and has been supported 
by CTU grunt No. CS03. 
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T H E CZECH TECHNICAL UNIVERSITY AND 
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To enable the academic users at the Czech Republic to communicate easily and reliably among 
themselves and abroad, our Computing Centre made a proposal to build the CESNET (Czech 
Educational and Scientific Network) backbone network. The project has been accepted by the 
Czech Ministry of Education; it started in the spring of 1992 and the CESNET backbone should 
he in operation by the end of 1992. The following will give some information on this Project and 
on the Wide Area Networks at the Czech Technical University. 

Computer users at the Czech Technical University can access directly the following Wide Area 
Computer Networks: EARN/BITNET, EUnct, FidoNet, and Internet. From these networks, many 
other networks can be reached. 

EUnet, a network of Unix-based computers, and Fidonet, a network of MS-DOS-based personal 
computers, lie outside the scope of this article. 

EARN, (the European Academic and Research Network), and especially its CSEARN and 
CSPUN112 nodes at the CTU, play an important role in our Wide Area Networking: CSEARN, 
the Czechoslovak EARN national node and an EARN - Internet E-mail gateway, also runs the 
NETSERV and LISTSERV servers. The CSPUNI12 node provides a centralised distribution of the 
NETNEWS in our country. 

The largest worldwide network is Internet, a large U.S.-based "network of networks" which uses 
the TCP/IP communications protocols. These protocols are acceptable both for the EARN and 
EUnet computers and so they have been selected as the basic protocols of the CESNET backbone. 
The backbone can carry additional communications protocols because multiprotocol routers are 
used both at the CESNET backbone and at all CESNET nodes. The CISCO routers have been 
selected for their good performance and compatibility with similar academic networks. Individual 
institutions which do not require high speed and multiple protocols can use much less expensive 
routers: MS-DOS-based computers running public domain routing programs (e.g., PC-ROUTE). 

The CESNET project tried to select those communications media with the best price/perfor
mance ratio. Various technologies (satellite, microwave, terrestrial links) and tenders from several 
suppliers (Czechoslovak PTT, IBM ČSFR, etc.) have been considered. The central digital link 
between Praha and Brno allows a 64 kb/s speed; several other locations are interconnected by 
digital 19,2 kb/s links. For other locations, analog 19,2 kb/s lines with the state-of-the-art modems 
(Motorola Codex 3266 FAST) have been selected. These links will be upgraded to faster digital 
lines when necessary. 

Because of the high cost of leased lines in our country, some smaller institutions may prefer 
dial-up connection to their nearest nodes (terminal servers will be installed in Praha, Brno, and 
Ostrava). Soon, CESNET should also be accessible from the Eurotel X.25 Public Data Network. 

The CESNET backbone connects the main Czech and Moravian University sites, i.e. Praha, 
Liberec, Plzeň, České Budějovice, Pardubice, Hradec Králové, Brno, Olomouc, and Ostrava. Several 
other sites (e.g., Opava and Zlín) should also be connected shortly. 
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Fig. 1: The CESNET and SANET backbone networks 

CESNET is already using or will shortly use the following international links: Praha - Wien, 
Praha - Amsterdam, Liberec - Zittau, Praha - Banská Bystrica (= link to the Slovak Academic 
Network, SANET). Some of these links are partly or wholly financed by the country which we are 
connected to. 

The CESNET backbone has two main network management centres: at Praha and Brno. How
ever, the administrations of each campus-wide or academic metropolitan network (with their hun
dreds or thousands of nodes) connected to CESNET will be responsible for monitoring and man
aging their own traffic. Network management programs based on the SNMP protocols will be used. 
These programs will run mostly on the SUN workstations which have been selected for their good 
price/performance ratio and because of the widely available software. 

This research has been conducted at the CTU Computing Centre as a part of the research 
project "Vybudováni TCP/IP site vysokých škol České republiky" and has been supported by the 
Czech Ministry of Education grant. 
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VISUAL OBSERVATION OF DIGITALISED 
SIGNAL BY WORKSTATION 

J. Navrátil*, A. Akiyama**, T. Mimashi** 
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**KEK, National Laboratory for High Energy Physics 
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The VODSS (Visual Observation of Digitaliscd Signal System) has been developed as part of 
the project for monitoring TRISTAN betatron tune. The VODSS consists from two independent 
parts: The data acquisition part (DAQ) and the data processing part (GXWorks). Each runs on 
different computer and they are connected via Ethernet (lOMbit/s). The DAQ part is based on 
the VME System running OS-9 (М68030/25МШ). It reads data from CAMAC and every 40ms 
(according to the synchronization with the magnet cycles) sends it to the Workstation for further 
processing. The Workstation HP9000/730 has been used, with software written in С language and 
the graphics based on XWindow libraries. 

Using Workstations in control systems through the concept of multiple windows has become 
very popular. The idea to replace alphanumeric displays and touch panels by more user-friendly 
interfaces has been widely accepted and is currently used in many control systems. The idea of 
using a Workstation as a tool for the on-line observation of digitalised signal is still not common. 
Several institutions just recently started such projects [2] and others are doing some investigation 
in this field. The first commercials tools has appeared in the market during summer 1992 [3]. 

GXWorks is one of the applications where the on-line pictures play the most important role. It 
presents data in graphics form in "nearly" real-time. Several types of graphs in many windows are 
used to present information from different points of view concurently, allowing the user to get more 
complex information about the observed processes. Control elements on the main panel allow the 
manipulation of data to provide more detail observation according to the wish of the user as on a 
real oscilloscope (zoom, select time intervals, moved signal up, down, etc.). The three basic forms 
of data presentations have been selected. 

The first (very common) type is time domain graph. The horizontal axis represents the time 
scale in which original data was digitalised in remote DAQ. In our particular case we have used 
10 fisec step, however other time scales can be used. The information is sent in the header of each 
data block. The maximum value of time which can be displayed is defined by the dimension of 
received data. The amplitude of the signal is displayed in the vertical direction. 

The second form of data display is XY от Phase Diagram. If both signals x and у are in some 
relation we will get Lissajous circles. In our case we displayed the position of the beam and its 
momentum and obtained interesting pictures describing beam oscillations. 

The third form of data presentation is frequency domain. Both previous types of graphs are 
easily made directly from the source data without special processing; only transformation into the 
graphics form is done. If we want to get more information from a rather complex signal we have 
to process corresponding signals by Fast Fourier Transformation (FFT) which needs additional 
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processing and to calculate it in on-line needs a very fast machine. The IIP9000/730 (75 mips) 
has processed the whole calculation cycle in a repeating rate of 20-25 Hz, The frequency spectrum 
obtained in real-time is very useful for observation of many studying process. On a FFT graph the 
horizontal axis represents the frequency band from -/„ to +/ n (/„ is Nyquist critical frequency for 
scanning period). In our particular case we have worked in the range of 100 kHz (scaning period 
10 ftsec). In the graphs many peaks are found representing several frequencies (synchrotron tune 
and betatron tune). Some of them are slightly unstable, they are slowly moving down or up in the 
x axis and just these frequency changes are very important parameter which provide information 
about the accelerator behavior. 

Small frequency changes are impossible to observe using a FFT graph. In order to see these 
characteristics another type of processing has to be started for each cycle. The exact frequency for 
each cycle is calculated and plotted into other graph. The whole graph then represents the history 
of the observed frequency in 40 ms steps. This result the physicists accepted and used for control 
of TRISTAN accelerator. 
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Design of weight concentration of components of concrete (cement, water, aggregates and ad
mixtures) depends on its qualitative parameters, technological premises of production, preparation 
and processing methods (for example the pumping ability applied in requirements: reduction of 
maximum size of aggregates, necessary capacity oflinc-grained paste, consistency etc.) and proper
ties of concrete (cubic compressive strength, modulus of elasticity, impermeability, frost resistance, 
unit weight etc.). 

If the main requirement of the design of the mixture is modulus of elasticity of concrete Есь, 
then it is necessare take into account the value of the modulus of elasticity of aggregates Eck 
and relative concentration of coarse aggregates Л. Basic dependence is described by the following 
exponential curve: 

Eeb = a • cxp(c • B) (1) 

where a and с are constants depending on border conditions (modulus of elasticity of mortar 
and coarse aggregate for В = 0,0 or 1,0). 

On the basis of the mentioned dependence, as well as real tests of aggregate (in South Bohemia), 
and technological possibilities, the manufacture of aggregates in Kobylí Hora was recommended 
for construction of the nuclear power station at Temelín in comparison with Plcšovicc (EckKH = 
70-76 GPa and £ е *р = 60-68 GPa). In real supplies it is necessary to eliminate a part of the 
deteriorated material from the top part (for example £е*к7/ = 10-17 GPa, which is absolutely 
inadequate). 

Experimental results Ееь (as well as other important parameters) for concrete C16/20-90 (at 
age 90 days and standardized curing of specimens) are demonstrated in the following values: 

Kinds of tests and designation 

test of design - H12/89 
design 
test of control - H23/90 
test of control - 1575/91 

В 

0,346 
0,373 
0,377 

3) 

Eek (GPa) 

53,9 
79,7 
74,5 

3) 

Eeb (GPa) 

22,5 J) 
27,0 2) 

26,5 
28,85 

Notes: ' ) for limited time - partly also deteriorated grains of coarse aggregate, 
2) in accordance with Czechoslovak standard ČSN 73 1201, 
3) not all parameters were followed here. 
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All the mentioned values were completed with selection of other physicomcchanical tests (cubic 
and prismatic compressive strength, dynamic modulus of elasticity, velocity of ultrasonic pulse, 
unit weight, specific gravity, moisture etc) as well as investigation of the effect of age and the 
curing method of concrete. 

Inspection and static designs in the different stages of building construction demand consider
ation of individual results of control tests and mean values of the tested property of concrete for 
selected stages or blocks (these are given by the basic process of building construction and by the 
start of real actions: prestressing, technological tests, introduction of test action etc.). There is a 
considerable negative effect of time and price of testing of modulus of elasticity. As an example we 
can give the first and second blocks of the nuclear power station at Temelín (C30/37). There are 
only one or two results of realised modulus of elasticity tests and 52 to 184 results of control tests 
of compressive strength of concrete. At the same time it is always necessary to consider the real 
moulding and curing of specimens and even the real test conditions, because different values of 
moduli arc achieved at different laboratories (according to Czechoslovak standard ČSN 73 1319). 
The real solution for specified constructions and the property of concrete lies in the determination 
of minimum value for results of individual tests and for guaranteed average values on the basis 
of really attained results with choice static appreciation (for the individual value and for the real 
laboratory with probability p=O,05 and reliability <r = 0,75, for the average value with p=0,05). 

There are also reciprocal relationships between control strength and modulus of elasticity for real 
material and technological conditions. On this basis the minimum values (C30/37) were determined 
for the following stages of real constructions: 

- the low tolerance limit of modulus of elasticity is 27,00 GPa, 
- the low confidence limit of modulus of elasticity is 29,96 GPa. 
These applications were used for structures of the nuclear power station at Temelín and are an 

amendment to the relevant Czechoslovak standard ČSN 73 2400. 
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The present state of theory of rail vehicle guiding characteristics enables to determine the basic 
characteristics of behaviour of conventional truck types in usual operational conditions. Linearised 
mathematical models are mostly used to describe these cases. The problems of truck motion sta
bility arc above all to be considered in straight parts of track. Kinematic relations and interactive 
forces are main viewpoints in curved parts of track. Both motion stability and curve negotation 
are significant for safety of operation and for wear of rails and parts of trucks. In fact the principle 
of these effects is deeply unlincar and main parameters are stochastic. 

Therefore it is not possible to extrapolate the actually used mathematical models and their re
sults for new unconventional types of trucks. For that reason some significant unlinear connections 
have been analysed within the framework of the project ( connections between creep characteristics 
and geometry of rail-wheel contact, real conditions both of track and parts of truck ). In future it 
will be useful to aply stochastic methods to consider these effects fairly well. 

Application of three basic categories of radial steering whcelsets has been analysed. 
1. Two-axle wagon with self steering wheclsets. 
2. Two-axle bogie with kinematic steering ( Fig.l ). Fig.2 shows the scheme of kinematic steering 
wheelsets mechanism. 
3. Four-axle bogie with kinematic semi-steering outer wheclsets. 

The last of the cases mentioned above is a very attractive construction scheme for the bogie 
of a heavy-duty eight-axle locomotive. Quasi-static curve negotation characteristics appear to be 
as one of the most serious problems of this scheme . Guiding forces and yaw angles are to be 
optimised by suitable choice of geometric parameters and of parameters of elastic and damped 
suspension elements. A program is developed to simulate this case modelled as a system with 10 
degrees of freedom. 

The methods of mathematical simulation enable to predict guiding characteristics of newly 
developed rail vehicle running gears. 

This research has been conducted at the Department of Automobiles, Combustion Engines and 
Rail Vehicles as a part of research project "Rail Vehicles Guiding Characteristics'' and has been 
supported by CTU grant No. 8028. 
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The SPATE (Stress Pattern Analysis by Thermal Emission) is a new method for determining 
of stresses in structures subjected to cycling loading [1]. Although theoretical bases of this method 
were known since 1853, application of this infra-red radiometry for stress analysis were realized 
only several years ago. It has been successfully applied not only for stress analysis, but also for 
buckling behaviour of thin walled structures, residual stresses analysis and in fracture mechanics 
[2]. As the instrumentation is very expensive it is necessary to carry out theoretical analysis of 
sensitivity, limits and side effects of this very effective SPATE method. 

The basic thcrmoelastic expression 6T == A* • E gives the correlation between the amplitude 
of the surface temperature ST and the amplitude of the first stress invariant £ by means of the 
following parameter 

a-T„ 
ZT„a2E r 1 — 2/i (1) 
Т ^ Г r+TT 

in which a is the coefficient of linear thermal expansion, T„ is the absolute temperature of the 
loaded body (model), E is Young's modulus, p is Poisson's ratio and С = g • с is specific heat of 
the body material. 

Previous works [3] proved great agreement between theoretically derived values К and those 
given in literature [4]. During the folowing period there were calculated dependence of the К 
parameter on the above mentioned mechanical and thermomechanical constant with the aim of 
optimalization the selection of model materials. 

Under the condition of the adibatic loading process the folowing values of К parameter were 
determined for the following technically realized model material 

Material 
aluminium 
duraluminium 
copper 
Cr-Ni steel 
low carbon steel 

К (К.МРа-') 
0,010 
0,0098 
0,0048 
0,0031 
0,0024 

It is obvious that for the execution of the experiment aluminium is the most convenient material 
for SPATE analysis, whereas stress analysis on real steel constructions needs equipment of higher 
resolution when it is possible to use a thermovision equipment. 
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In the future further analysis will be done for composite materials and together with other 
working places experiments on real structures are expected. 
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Requirements for rational production, steady growing output parameters and calling for higher 
safety in all industrial branches are leading to judging reliability of the structures on the basis 
of quantitative procedures consisting of measuring values important for the observed processes. 
Means nad methods of experimental stress analysis are effective means for verification of limit 
state of structures and process parameters. 

The most common method - strain gage technique - has become the base for a great number 
of measuring devices in chemical industry, energetics and mechanical machinung and it is used for 
technology control and service safety, A man protects his products against fail ure having applied 
measuring devices on the aircrafts, pressure vessel of nuclear power plats, etc. In spite of this fact 
there are many structures and processes without this control. This can cause a possible failure. 

For prediction of failure of the mining work there are derisive the changes of stress state in 
its surroundings. These changes can be measured by measuring of prestress state of anchor bolts, 
stiffencrs, ribs and liners of galleries and by direct measuring direct or the components of the stress 
tensor in rocky massif. For the mining industry there were designed and in priciple tested devices for 
measuring deformation on the surface of mining works (liners, stiffeners and ribs), for measuring of 
transversal deformation of galleries by means of strain gage technique and on the anchor bolts [3]. 
Serious danger of explosion is prevented by using special coated strain gages together with leads, 
produced by the firm Eiltech (USA), Monitoring and processed signals can be used for control and 
warning system. The project of these devices was worked out for the Diagnostic Division of the 
Research Institute of Fuel and Energetics VUPEK in Ostrava. 

Another field of strain gage application is in tool wear and breakage monitorring during ma
chining. Mutal relations among cuttint force components, cutting temperature, surface roughness, 
tool wear and cutting time have been realized [4]. Suitable situated strain gages can prove tool 
wear and danger of tool breakage and so rejects and damage are avoided. 

In biomechanics almost all methods of experimental stress analysis (quantification of man's 
interaction with his surrounding)are taklen in account. These measures do not serve only for 
.research but also for making diagnoses (changes in pressure distribution between the human sole 
and the pad indicate diabetic diseases [5]). 

In all application of the devices based on experimental stress analysis theoretical basis and laws 
of the experiment must be kept. Automation of measuring, processing and controling of measured 
data brings broad possibilities in application of methods and means of experimental stress analysis. 
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Determination of critical state in shear loaded plate made of composite material is a very 
complex task due to anisotropy of the used material. For optimalization of layers an assembly 
beside numerical methods experimental ones are used. The limit state is connected with out-of-
plane deflections. The rise of deflections is the criterion for determination of the critical stress 
value. 

Measuring of the plate deflections can be realized by means of many methods and devices (trans
ducers, strain gauges, moire method, holography etc.). These methods have their own advantages 
and disadvantages, as some of them influence the measured object, have different sensitivity, are 
more or less expensive, claim unmoving space, etc. From them shadow-moire method was chosen. 

The use of shadow-moiré technique to map depth contour is described in basic literature of 
experimental stress analysis [1]. Its application to large structures, not only in laboratories but in 
service, is suitable [2]. 

One of basic parameters influencing the sensitivity by deflection measuring is the value of pitch 
of the used grating. For biomechanical application with a lower sensitivity [2] the grating with 1 
line per mm was used, for the above described application 20 lines per mm were to be used. This 
required to fulfill very strict conditions as to the plancness of the sample and stability of geometric 
parameters. 

As the surface of the loaded sample is not absolutely straight and during loading its position is 
changing it is proposed to use composed grating having two systems of pitches in one filter [3]. 
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Fracture resistance of corroded pipelines was mostly judged experimentally [1] or with a numeric 
analysis (FEM) [2]. The cost of these methods is very high. It has been stiidycd how to use the 
criterion of ANSI/ASME code for pipelines working in our conditions. 

This criterion has been embodied in both the П31.4 and В 31.8 pipeline-design codes and 
described in detail in ANSI/ASME В 31G-1984 "Manual for Determining the Remaining Strength 
of Corroded Pipelines". The remaining pressure carrying capacity of a pipe segment is calculated 
on the basis of the amount and distribution of metal lost to corrosion and the yield strength of the 
material. If the ciilculatcd remaining pressure-carrying capacity cxcccdds the maximum allowable 
operating pressure of the pipeline by a sufficient margin of safety, the corroded segment can remain 
in service. If not, it must be repaired or replaced. 

The В 31G criterion is based upon a scrniempirical fracture mechanics relationship conceived 
by Maxey. It was based upon a Dugdalc plastic-zonc-size model a Folms analysis of an axial crack 
in a pressurized cylinder, and an empirically established (law-depth-to-pipe-thickncss relationship. 
Equation 

S, = \.1RC {(1 - 2/3 <f//)/(l - 2/3 d/t 1/Af)} (1) 

predict the hoop-stress S* level which will cause the failure of a corroded pipe with diameter D_, 
wall thickness t, and the yield stress R,., where the metal loss has an axial length L and a maximum 
depth of d. The Folias factor M correct the stress concentration in the notch. 

The corroded area is acceptable if L is less than or equal to the value given by equation 

L=l.\2D\/m (2) 

where 

В = iJ[(d/t)/(Ud/t-0.\5)]7-l (3) 

The В 31G criterion provides that if L exceeds the arailable length, an acceptable reduced 
operating presure may be calculated by keeping the factor of safety equal to 1.39. 

Our experience has shown that this method to predict the remaining strength is a little conser
vative. On the basis of the failure tests [1] and the Finitc-Elemente-Analysis [2] of corroded pipe 
is this criterion acceptable for the pipelines working in our conditions. 
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The presented comparison of the corrosive defect load-carrying capacity according ANSI/ASME 
and CTU is based first of all on the results of the experiments realized by CTU on the pipes: DN 
800, t = 10,6 mm, material X 60 (ay = 400 MPa). Dy means of these experiments there has been 
verified a computation method developed on CTU. The experiment results are plotted into di
agrams (Fig. 1) which follow from the ASME-relations and inspection tolerances. The crosses 
in the diagrams give dimensions of those defects in which a fracture occured during a destruc
tion test. The number plotted at every cross means the value of the respective destruction pres
sure pi (MPa). By means of a thick solid line (CTUP-A) there is delineated a regressive curve 
of these experimentally verified rcsultcs (see Fig. 1). In these cases pj = 12.5 MPa was reached. 
This value of destruction pressure indicates a certain excessive safety coefficient of these defects. 
For a gas pipeline operation (at the working pressure pw = 7.5 MPa) there then will satisfy even 
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such defects the destruction pressure of which would equal to the stress-test-pressure ppi of pipes 
without defects. For the mentioned pipes (DN 800, t = 10.6 mm and material X60) the stress-test-
pressure Ppi = 11.5 MPa. A curve demonstrating the defect parameters with the pj = ppi = 11.5 MPa 
is plotted by a thick dash line (CTUP-D). The CTUP-B line comes out from a experimentally 
determined point with the defect dimensions 1 = 310 mm, c/t = 58%, which is indicated in the 
following graphs: -f 11.5 and the destruction pressure of which was experimentally determined: 
Pd— 11.5 MPa. The further points of this curve, indicated in the graphs:. (11.5), were determined 
on the basis of the computation (see Fig. 1). 

The main dimensions of corrosive defects on a pipeline can be found out for instance by means of 
an electromagnetic inspection tool which has a certain degree of accuracy. The diagram given on the 
Fig. 1 can be completed by applying the inspection tool tolerances which can be added/subtracted 
to/from either curve on the diagram. So we can find out fields of safety dimensions of corrosive 
defects. The pipe parts with such defects then do not require repairs but only a technological 
operation stopping corrosive process. 

It is easy to learn from the Fig. 1 that the CTUP-curvcs admit the mentioned safety dimension 
fields larger than ASME-curve. This statement is based on an extensive and also expensive theo
retical and experimental research of our work-team but its full use would bring great economical 
savings. Our researcli has sposored by the firm of Transgas, a.s.,Prague. 

In the presented comparison the influence of defect width on the pipe limit load-carrying ca
pacity is not disscuscd (the width of the all demonstrated defects is practiccaly the same cca 150 
mm). An inncgligible influence of the defect absolute dimenssions, and especially the defect width, 
on the defect limit prcsurc-carrying capacity has been verified by means of the CTUP-computation 
method and requires further experiments [1]. To this probléme it is necessary to point out that 
a limited number of the experiments has only a lower statistical significance. The main reason of 
a small number of the experiments is rooted in their economical expenses in the CS-conditions. 
According to a very sober presupposition the confirmation of the determined results will require 
in the l5t phase approximately ten destruction tests performed on pipes of the same dimensions 
and material. 
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Fiber-reinforced composites are certainly one the oldest and most widely used composite ma
terials. Most of the structural elements or laminates made of fibrous composites consist of sevral 
distinct layers of unidirectional laminae. 

Analysis and design of any structural elements would require a complete knowledge of the 
properties of individual layers. All design procedures involve a comparison of the actual stress 
field with the allowable stress field. In the case of orthotropic or anisotropic materials the strength 
changes with the direction, and the direction of principal stress, in general, does not coincide with 
that of the maximum strength. Thus the higest stress may not be the stress governing the design. 

In our research was applied the laminations theory [1]. The actual stress field is obtained 
through an analysis of loads on a laminated structure taking into consideration the stiffness values 
in different directions. The allowable stress field depends on the allowable stresses or strength in 
the principal material directions. It was made the system of two computers programs for the stress 
and strains analysis of multi-layer laminates. 

The first program compute the stiffness matrixs with use of classical lamination theory and 
derived the general constitutive equations for the concrete laminate structures. It is applicable to 
compute strains and curvatures as explicit function of applied loads, that is, the stress resultants 
and moments. It includes too thermal stresses from the temperature changes. The aim of the 
analysis of laminated composites is to compute the stresses and strains in each of the laminae 
forming the laminate. These stresses and strains can be used to predict the load at which failure 
initiates, that is, the load at which the first lamina fails. This load is predict with the Tsai-Wu 
and Tsai-IIill theory [1]. 

The second program determine the same analysis, but for notched composites, where the hole-
size effect is used . Although the stress-concentration factor is independent upon hole size, the 
normal stress perturbation from a uniform stress state is considerably more concentrated near 
the hole boundary in the case of a smaller hole. By analytical considering the stress distribution 
ahead of a circular hole in the orthotropic laminate [2], program uses two criteria for the failure 
of notched composite materials. These are the Whitney and Nuismer average stress criterion or 
point stress criterion from Wu [3]. 

The numeric results were compared with the experimental results on the composite specimens 
with different orientation of layers [4]. Although, no conclusive statement about the accuracy of 
this models can yet be made, there are sufficient indications that the models may become useful 
design tools. 
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The paper presents the technological and material development of the production of the alu
minium food dishes by forming. Principal source for the paper is the collaboration between the 
Czech Technical University of Prague (Department of Forming, Casting and Welding) and the firm 
Strojobal Kolín. 

Aluminium has many valuable properties that make it an ideal packaging material. It forms an 
excellent barrier to light an liquid, it leaves no metallic taste, it heats and chills rapidly and it is 
lightweight yet unbreakable. As a result, aluminium kitchen foil, food trays, dishes and beverage 
cans, for example, have become standard items in everyday life. 

Container coatings, which are intended to come into direct contact with food, are of course 
subject to Food Legislation. They must not transmit to food any substances which would create a 
risk to human health or which affect organoleptic properties such as flavor, odor and appearance 
of the food unacceptably. 

These principles are applied everywhere and are the basis of the respective national legislation, 
where such legislation exists. There is also a wide agreement concerning the mctods to secure such 
demands, these are: establishing positive lists of permitted components and setting maximum 
limits for global and specific migration under certain testing conditions. 

Important result of this approach is anew version of the framework directive for material coming 
into contact with food which was published as EEC-Directive 109/89 in February 1989. This new 
directive replacing the old one of 1976, empowers the commission with the monopoly to present 
proposals for special directives. 

Special directives to be establihed in this rather simple way will concern plastics, including 
lacguers and coatings, regenerated cellulose, elastomeres and rubber, paper and paperboard, ce
ramics, glass, metals and alloys, wood including cork, textiles, solid parafin and microcrystallin 
waxes. 

The adaptation to the EEC-Directive is a necessary condition of a good perspective for all pack
aging manufactures, of course for Strojobal Kolín too. Therefore they replaced classic aluminium 
foil (0,09 mm thick) by double layers one. Thickness of the new foil is 0, 16 mm, (0,11 mm of 
«aluminium with one surface gold lacquer (0,5 g/mJ), polypropylene foil is 0,05 mm thick). This 
one is imported from Germany. 

The technology of deep drawing of the new food dishes (diameter 60 mm, height 13 mm) was 
developed at the department of Forming, Casting and Welding. A compound die with pneumatic 
control was manufactured in the laboratories of the Department. Technological procedure includes 
blanking, deep drawing, flanging and curling. The die makes possible to manufacture 200 pieces of 
dishes per minute. 
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In this time we are completing a production line, that is composed of the eccentric press Rowema 
(number of utilizable strokes is 50 per minute), strip decoiting and strip coiling device and a device 
for blasting oiT and stacking. 
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Expert Systems in Manufacturing is a research project which started in the year 1991. In the 
first year a general procedure for the research was established. In this year we started with the 
analysis of different metal forming production methods. 

The aim of the project is to prepare an expert system for the wide field of deformation processing. 
In the first stage it was necessary to set some limits: the system will deal only with methods used 
for the production of mechanical engineering parts, it will not include methods used in steel 
works. Among bulk forming methods, closed die forging, extrusion and powder-metallurgy parts 
production were investigated. Sheet metal working was so far limited to cutting, deep drawing and 
bending. The different production methods are classified by the shape of the produced parts. A 
certain order of questions, common for all methods was recommended. It was not possible to follow 
this procedure for all of the methods, a different manufacturing process usually requires different 
questions even at the top level of the system. 

In the second stage a decision whether the part will be forged from solid metal or metal powder 
or whether a flat sheet will be used, has to be taken. In the case of sheet metal working one of the 
main dimension remains unchanged, but the case of deep drawing with wall thinning must also 
be considered. In the case of bulk forming the next question asks about the forging temperature 
because for certain temperature ranges only certain production procedures are possible. 

The input data for forging include material, shape, dimensions, required accuracy and lot size. 
These data are important for open die or closed die forging, radial forging and roll forging. Espe
cially in closed die forging the production process is very much dependent on the type of forging 
machine used - a press or a hammer. 

The dimensions of the forged part, their relative size, shape of the part, material and the required 
accuracy determine the type of the machine. Classification of the parts into groups according to 
their shape (compact, rotational and longitudinal) helps to decide. For a given type of machine it 
is then necessary to calculate forging loads and work. 

In case that both methods, press or hammer forging are possible, then the decision will depend 
on the availability of the machine and on economic considerations. 

Another example of bulk forming is cold extrusion. Rotational shapes were examined, the prod
ucts were divided into two groups for which backward or forward extrusion is characteristic. The 
first question is again about the material. Then the largest dimensions and strains are checked. 
Among the production criteria are thickness and height of the extruded product. Their critical 
values depend on the extruded material. 

The expert system for the production of parts from metal powders consideres the specific 
procedures of this technology. First the quantity of the parts to be produced must be checked, only 
after minimum quantity requirements are met, is it possible to continue. Next questions are about 
the weight and area of the part in direction perpendicular to pressing, the height of the part, ratio 
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of height and diameter. If the necessary criteria are fulfilled it is possible to proceed with detailed 
questions about the shape of the edges, wall thickness, taper ratio, the direction, shape and mutual 
position of holes, bottom thickness etc. Finally the possibility to remove the finished product from 
the die must be checked. If the product satisfies all the requirements, it is possible to produce it 
by the usual powder metallurgy methods. 

For the evaluation of parts produced by deep drawing or sheet metal cutting, four groups 
classified by shape are used. A question is asked about the material of the part according to CSN 
or other Standard, the next inquiry is about the thickness of the metal sheet. 

Deep drawn parts are simply classified as rotational and other shapes. Rotational parts are 
divided with respect to basic geometrical shapes, the necessary volume of the blank is calculated 
and the suitability of the material is checked. Considering the criteria usual for deep drawing we 
can calculate the number of draws and the size of the blank, blankholder pressure, dimensions 
of the die, the power and type of press. The procedure for non rotational shapes is similar, but 
the decision criteria are more complex. The production procedure for large deep drawn parts of 
irregular shapes is so far more influenced by the experience of the die designer than by exact 
mathematical formulae. Should the expert system deal also with these stampings, a more detailed 
mathematical description of the production process is needed. 

The size of the product is the decisive factor in the choice of blanking technology, but the shape 
of the blank efTects namely the costs of production of the die. A very important factor influencing 
the economy of production is the number of products and nesting of the blanks on the raw material. 
The utilization of material must be checked here. 

At present the Department of Forming, Casting and Welding, together with the Department 
of Automatic Control is preparing a demo version based on the system Solaris, developed by 
Mechanical Engineering Faculty staff. 
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Technical solution deals with exact noticontact tuning of clastic elements, especially acordeon 
lamellae, tuning forks, vibrating bars of musical instrumente etc. The present tuning methods are 
mostly as follows: 

1. The manual method is based on scratching the elements with a file or with other sharp tools 
at the root of the element or at the end of it. Thus the microvolume of the material is removed 
and the element is tuned to a certain tone. This method of final tuning is very demanding 
and often difficult. 

2. Grinding oil" is based on measuring the frequency of the vibration followed by grinding off 
the material. It is necessary to proccde in stages. Only after measuring the frequency, the 
material may be removed. To reach the accuracy required it is necessary to repeat this cycle. 

During procedures described above, mechanical damage can occur followed by lower life of 
vibrating elements. Frequently there is a chip present on the surface of the tuned element. 

Presented drawbacks are removed by the method of tuning of vibrating elements in accord 
with our technical solution. This is based on removing material using noncontact method with 
concurrent measuring of vibration frequency. The measurement is done with vibration sensor,the 
acquired electrical signal is proccessed using the evaluating unit and feedback is used to control 
the removal of the material. It is especially advantageous to remove material by using laser. 

The particular solution is represented on the enclosed drawing of the device (Fig. 1). The 
equipment for acordeon tuning is functioning thus: the acordeon is placed on the coordinate table 
11 and on the workplate 9, the particular tuned element is set into vibration by using the source 
of compressed air at a constant pressure or by using the vacuum pump. Sensor 7 is scanning the 
tone and the height of the tone is continuously evaluated in the frequency measuring unit 6. On 
behalf of the information from the frequency measuring unit the computer controls the intensity of 
material removal on one of the ends of the vibrating lamella, i.e. switching on the laser, the relative 
movement of the lamella and laser beam and thus both the geometry and the volume of material 
evaporated. In this way it is possiblle to reach the exact tuning and exclude the subjective factor. 

To reach the uniform material removal in the whole range of positions of the vibrating element, 
the changes of the energy density of laser beam acting on the tuned element during one oscilation 
cycle have to be limited to minimum. This is possible when the depth of focus of the concentrated 
laser beam is greater then the double amplitude of the element tuned. This can be reached using 
the optics with focal distance large enough. 
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Fig. 1: Scheme of the equipment for acordeon laser tuning 

Advantages of laser tuning: 
1) Higher productivity 
2) Accuracy increase 
3) Easy tool setup 
4) Easy automation 
5) Hygiene and safety 

This research has been conducted at the Department of Forming, Casting and Welding and has 
not been supported by any grant. 
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The working surface of mechanical engineering parts made from cast iron may be hardened by 
different means. The aim is to increase the service life of the parts. 

The metallurgical process used to produce a ledeburitic structure and to increase surface hard
ness is applied very often. 

Usually it is a part of the casting process itself. The method has many disadvantages as a 
high need of labour in the foundry, many rejetcs, the need to charge and pour the material very 
carefully, the impossibility of successful mechanization and automation. 

Another feasible method is to melt the working surface of a gray iron casting by a suitable 
concentrated heat source in an inert gas atmosphere and to cool it down by the surrounding mass 
of the part itself and by the surrounding atmosphere. It is possible to use an electron or a laser 
beam, a plasma or electric arc as a concentrated heat source. 

The choice among these sources depends on the expected hardness of the surface layer, the price 
of cguipment and technical and economical conditions of the given factory. 

Cooperation between the Department of Forming, Casting and Welding and the enterprise 
PIKAZ is aimed at increasing the service life of car and truck engines. The engine parts concerned 
are mainly camshafts and valve lifters. Experimental work was carried out in the laboratories of 
the Department, the eguipment was produced by PIKAZ. 

The initial experiments were to ascertain the mechanism of hardening by surface melting. Ex
perimental tcstpicccs were valve lifters for car engines, the dimensions were 23 x 47 mm. The 
method of melting the surface by an electrical arc was chosen. The TIG method with argon as a 
protective atmosphere and direct current with negative eWtrode was used. The initial magnetic 
field of the electric arc circuit lias unwishfull effects like the "blowing of the arc", so a new method, 
the control of the arc by a longitudinal magnetic field, was applied [1,2]. 

Non-alloyed gray iron containing about 3,5%C, l,7%Si, 0,7%Mn is a suitabke material for 
hardening by surface melting, a small quantity of Ti is sometimes added to reach a fine lamellar 
graphite structure. In the molten metal the interatomic forces are small and therefore gravitational 
forces are more significant and they negatively influence the shape of the melt during solidification. 
It is possible to solve the problem by a circumferential zone of unmelted metal, which will prevent 
the molten metal to flow off the hardened surface. 

Internal stresses may cause cracks in the ledeburitic surface layer. The cracks are initiated by 
volumetric changes during phase transformation. Therefore it is sometimes necessary to preheat 
the specimen. Ať the beginning of the experiments, when the diameter of the specimen was small, 
one of the advantages of the magnetically controled process was used. The trace of the electrical 
arc was increased to incide on the complete melted surface, the arc beam was rotating and the 
lifter and the electrode were in a relative standstill. 
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Experimental results: 
1) a lcdeburitic layer may be initiated by this method 
2) hardness of the layer is between 50 to 60 HUc 
3) the layer has e sufficent thickness up to 4 mm, depending on the parameters of melting 
4) there are some disadvantages: internal porosity and blowholes appear, the layer is not uniform 

in axial sections and on the perimeter of the specimen 
5) the molten metal flows down from the top of the specimen and causes uneven surface. 
As a result of the first stage of experiments, it was decided to modify the procedure in the 

second stage of experiments: 
- chemical composition of the gray cast iron was changed 
- the method of melting was changed 
- the shape of the melted surface was improved 
- melting parameters and their relations were optimized 

The optimization of melting parameters was the most extensive part of the experiments. A 
large quantity of parameters set in a broad range of values had to be examined. To seach the 
necessary thickness and quality of the hardened layer it was very important to estabilish the 
relations between the parameters of the source of the current for the arc and the parameters for 
the relative movement of the torch and the specimen. The same problem had to be solved for the 
hardening of the working surfaces of camshafts. The development of the method for hardening of 
working surfaces of camshafts for ŠKODA car engine and AVIA truck engine was finished and at 
present this production method is applied for camshafts for ČZ Strakonice engines. 

Wide range of experiments and their evaluation has shown that the method of surface hardening 
of mechanical engineering parts made from gray cast iron by electrical magnetically controled arc 
brings satisfactory results. It is possible to automate the process easily and the reguired eguipment 
can be produced in Czechoslovakia. 
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The aim of measurement was to verify the RLF at the technological process, where in a very 
limited zone a cloud of plasma or high-temperature gases is formed. From the viewpoint of actual 
application the requirements laid upon the measuring technique were defined as follows: 

- possibility of RLF indication in the specified zones of plasma cloud, 
- sensor resistance against the operational conditions (high temperature, metal spatter, me

chanical rigidity), 
- small dimensions, flexibility of application for diverse working conditions. 

Geometric set up was selected in respect to enable a comparison of the plasma column radiation 
in TIG welding and the radiation of plasma cloud that is formed at the interaction of laser beam 
with the material. 
Measurement of RFL of electric TIG arc (Fig. 1) 

The elektric arc was ignited by a spark discharge by use of TIG 30 equipment. The TIG torch 
was clamped in a stand. The arc lenght was set to 3 mm. Individual measurements were performed 
after probe shift in z axis direction with 1 or 0.5 mm spacings. 
Used equipment: UTA 200 - welding power source 

- TIG torch (electrode W/Th, 3 mm in diameter) 
Gas - Ar, flow rate 12 l.min""1 

Base metal: 
11 373 steel (max. 0.22 C) 
17 246 steel (18 Cr, 10 Ni, Ti) 

Welding current: 
I. = 100 - 70 A 

Measurement of RLF at the laser beam interaction with material 
Measurement conditions: 
Laser: Coherent EFA 51/C02, P m e I = 1.8 kW, lambda = 10600nm 

Nozzle diameter: 1.8 mm (gas outlet) 
Measurement at pulsed mode of laser 

The laser beam was focused on the material surface. The pulse duration, 5 F was selected 
with respect to obtain the plasma cloud stabilization. After pulse completion, the trace of laser 
incidence was shifted to a new position. 
Measurement conditions: P = 800 • 1000 W laser output 

Q = 5 - 12 l.min-1 shielding gas flow rate 
t = 5 s laser pulse duration 
nozzle - work distance: 3.5 mm 
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laser nozzle diameter: 1.8 mm 
base metal: 17 246 

Conclusions: 
The problem of setting optimum welding parameters and their control during technological 

process unfavourably affect the quality, mainly in the field of microwelding. The suggested method 
for measurements of plasma RLF in technological operatins extends the possibilities to determine 
the optimum welding parameters as well as the welding process control. 
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The investigated steel of the type 10%Cr-10%Ni-2%Mo-Ti-Al belongs among dual phase marten-
sitic-austenitic age-hardenable steels attaining high strength and improved resistance to corrosion. 
The fundamental physical metallurgical properties of this promising type of steel were described 
formerly [1], while the temperature dependence of yield strength and fracture behavior of welded 
joints have been reported in recent years [2]. Foregoing examinations of mechanical properties and 
microstructure of welds revealed fairly good weldability of the steel by various technologies and 
an advantageous possibility to omit the post-weld heat treatment. With respect to the declared 
stainless quality of this type of steel, it is interesting to study the resistance to corrosion of its 
welded joints, including the effect of heat treatment. A contribution to this topic is presented 
below. 

In order to assess the resistance of welds to electrochemical corrosion, the reactivation mode 
of potentiokinetic polarization method was which chosen as this technique is considered to be a 
useful tool for stainless high alloyed steels [3]. Within the method diflerent molar concentration of 
aqueous solution of sulphuric acid (0,5M, l,0M,and 2,0M) and 0,05 wt.% potassium sulphocyanide 
were applied. The potentials relative to the standard calomel electrode were measured at ambient 
temperature using a constant potential charge rate of 3 mVs""1. After the uniform depassivating 
cycle, potentiokinetic polarization curves (PPC) were obtained by continous change of potential 
-0,7 V to +0,5 V (full passivity region) - -0,7 V. Six electrochemical characteristics were evaluated 
from each PPC, namely: Ep - passivating potential, jp - critical passivating current density, qp -
specific passivating electrical charge, and corresponding characteristics obtained in the course of 
reactivation designed as Ea,ja and qa. Electrochemical characteristics were determined separately 

a) for base metal (BM), heat afTected zone (HAZ) and weld metal (WM) 

b) for different welding technologies (MIG-metal inert gas, MIG-M -modified m.i.g., SA-submer-
ged arc, EB-electron beam) 

c) for various heat treatment (WTH-without heat treatment, QA 520 -quenching and ageing at 
520°C, QA-quenching and ageing at 560°C, QIA 650-quenching and intercritical annealing 
at 650°C). 

For details related to experimental material, its heat treatment and welding technologies, see [2]. 
All of the experimentally measured PPCs exhibit either simple maximum jp and ja or splitting 

of the maximum (Fig. 1). The latter phenomenon is a consequence of the redistribution of alloying 
elements, particularly nickel, between the aged martensitic matrix and newly formed austenite 
during heating [4]. 
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The assessment of resistance to corrosion in single a region of welded joints showed that nearly 
all selected electrochemical characteristics in WM and IIAZ were slightly higher than that in BM 
(Pig. 2). The most probable reason for this higher susceptibility to nonuniform (also intergranular) 
corrosion is an increased heterogeneity of microstructure [3]. 

The effect of welding technology on corrosion characteristics was not yet clearly distinguished. 
However, it was found out that the ratio a = q„/qP obeys the relation амю-м °ЕВ <*мю for 
welds WHT, which partly favour MIG welding. 

Perhaps the strongest influence on investigated electochemical corrosion has the post-welding 
heat treatmcnt.The lowest values of j a , q„ and also qa/qP characterize the state WIIT (Fig. 2). 

It may be concluded that in the investigated type of steel (a) WM and HAZ have slightly higher 
susceptibility to nonuniform corrosion as compared with BM, (b) MIG technology is favoured for 
welds without post-welding heat treatment, (c) ageing or intcrcritical annealing has negative effect 
on electrochemical corrosion of welds. 
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Fig. 2: Relative el. charge qa/qp vs.temperature 
of ageing 

References : 

[1] MACEK, К. - PLUHAŘ, J. - CEJP, J.: Materials Science and Engineering, 1988, 100, 
153-160 

[2] MACEK, К. - JANOVEC, J.: Proceeding of Workshop 92, CTU Prague, Sec. 2 Material 
engineering, Part B, 47-48 

[3] ČÍHAL, V.: Intergranular Corrosion of Steels and Alloys. Elsevier, Amsterodam-Oxford-
New York 1984, Chap.2 and 5 

[4] HUBÁČKOVÁ, J. - ČÍHAL, V. - HULICOVÁ, Z. - DORDA, К. MAZANEC, К.: Acta 
Metallurgica 1984, 32, (12), 2131-2138 

This research has been conducted at the Department of Materials as a part of the research project 
"Structure and properties of welds in HSS steels", and has been supported by grant No. 8087. 

170 



CTU PRAGUE WORKSHOP 93 - MATERIAL ENGINEERING 

NEW TESTING METHODS OF SURFACE 
LAYERS QUALITY 

I. Kvasnička*, I. Nedbal**, R. Novák* 

*CTU, Faculty of Mechanical Engineering, Technická 4,166 07 Praha 6 
•CTU, Faculty of Nuclear Science and Physical Engineering, Břehová 1, 115 19 Praha l 

Key words: surface layer, coating, thin film, residual stress, fatigue, acoustic emission 

The research of this task has 
specific directions: 

The investigation at the 
laboratory of the Depart
ment of Physics was aimed 
to further improvement of the 
method of coatings adhesion 
evaluation using analysis of 
acoustic emission signals gen-
crated by stress fields in the 
system coating/substrate. We 
built up and tested a new off
line measuring system for reg
istration and analysis of sig
nals from single AE events.For 
this system was made and ' 
installed a programme en
abling signal treatment from 
the point of view of time 
behaviour and frequency re
sponse. 

Reproducibilty of the re
sults has been improved by in
troduction of a standard way 
of coupling the AE sensors 
and the substrates and by in
troduction of the pencil lead 
fracture method for evalua
tion of both amplitude and 
frequency transmission of the 
coupling. 

In the Fig. 1 we present 
an example of an AE event, 
which was initiated by bending 
of both the time behaviour (b) 
tion concerning the processes in 
coating/substrate bonding. 

been conducted at three collaborating laboratories in following 
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t 
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Fig. 1: 
a steel specimen with a thick aluminium coating. The analysis 
and frequency characteristic (a) can bring important informa-
the coating and in the interface during failure and the type of 
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The second research activity lias involved the applications of acousto-ultrasonic technique for 
surface integrity assessment.The influence of surface roughness and residual stresses was evaluated 
formerly and both phenomena correlated to acoustic emission signals significantly. It has been 
studied also the possible influence of other factors: 

- metallurgical texture, using samples from low carbon steel and aluminium alloy AlCu4Mgl 
sheets, 

- microstucture, created by various ratios of martensite and retained austenitc and pure pearlite 
(annealed and heat treated specimens from tool steel AISI A2). 

The obtained results proved the important meaning of material texture and a neglibile influence 
of tested samples microstructure. Investigation of other expected limitations - e.g. material grain 
size - will be evaluated in the following period. 

Also the study of acoustic emission experimental technique improvement was involved in this 
research. A reliable and reproducibile coupling between the АБ sensors and substrates is the 
necessary condition for right evaluation of the information in acoustic emission signals. From, this 
point of view several bonding materials for sensors-substrates fastening were tested and also the 
magnitude of pressure force was optimaliscd. 

The third part of the research, i.e. the study of fatigue behaviour of the film/substrate interface, 
was aimed to further improvement and adaptation of the special device SF TEST developed at the 
Department of Materials FJFI. The main goals of these adaptations were adjustment and testing 
of loading parameters especially determined for checking and registration of fatigue processes in 
the coatings and on the coating/substrate interface. For this reason a device for stiffness evaluation 
of the testing body was built and also the amplification of the feedback signal for loading control 
was increased. The function of the adapted device has been checked by testing of steel samples 
with or without aluminium coatings. 

This research has been conducted at the Department of Machining and the Department of 
Physics, Faculty of Mechanical Engineering and the Department of Materials,Faculty of Nuclear 
Science and Physical Engineering as a part of the research project "Diagnostics of subsurface layers 
and thin coatings on real bodies" and has been supported by CTU grant No. 8001. 
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The dislocation substructure observed in a thin foil is a typical fibre structure which can be 
mathematically modelled by a random fibre process. Generally, the simplest parameter evaluated 
for such structures is the intensity Lv of the process (being constant under the stationarity con
dition) called dislocation density in metallography. However to get more information about the 
structure for the comparison of physical theory and material properties, second order character
istics are desirable to be quantified. Among them the pair correlation function of the underlying 
fibre process is suitable for the evaluation of dependencies in the structure. 

The pair correlation function can be determined by means of the function K(r) via gv{r) = 
(d/dr) (Л"(г)/(4ят2), where Lvh'(r) can be interpreted as the mean total fibre length in a sphere 
of radius r centred in a randomly chosen fibre point. In the applications the peaks of the g are 
interpreted as "typical" distances between the fibres. 

Using the information from the projection of the foil of thickness t in fact the planar pair 
correlation function дл{т) can be estimated, which is related to gv by means of stereological 
relation ([1]) 

9A(r) = - | j \ t - z)gv y/(r* + *») dz (1) 

where z represents the coordinate perpendicular to the foil plane. However, in the isotropic case 
there do not appear significant differences between the basic characteristics of the pair correlation 
function gu and <?д. Therefore g\ is used in analyses as a good approximation of gu. 

The estimation of </д is based on the standard formula (see [1]), which includes the correction 
of edge-efTects. For the evaluation of the planar pair correlation function a computer program 
for PC AT with graphical card MATROX AT-NP was prepared. The algorithm picks up typical 
fibre points by means of intersections with circles ensuring isotropic sampling. Then the length of 
fibres is measured in circular probes with increasing radii and centres in intersection points. Their 
number is limited by demanding the prescribed coefficient of error of the pair correlation estimate. 
This procedure which could be enhanced by the use of parallel algorithm, is not yet available in 
the software equipment of standard image analysers. 

In the present study the microstructure of Al-Li-Cu-Mg alloy was studied by means of the trans
mission electron microscopy (ТЕМ) The attention was paid to the phenomenons inside the grain 
in various stages of production : a) the cast state; b) after annealing 570°C/12h; c) annealing and 
ageing at different temperature conditions. The dislocation substructure was classified according 
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Fig. 1: Al-Li-Cu-Mg alloy, cast state, (а) ТЕМ micrograph, (b) The pair correlation function дл(т) 

to the density, existence of pairs (see Fig.l and the graph) and loops. This study shows how it is 
necessary to extend the standard quantitative methods for dislocation structure evaluation given 
in [1]. 

First the method is not sensitive to the anisotropy which is often exhibited by dislocation lines 
with preferred orientation. In order to obtain anisotropic pair correlation function дл(г,Ф) it is 
necessary to use sector probes (with central orientation Ф) instead of circular ones in the algorithm. 
The characteristic obtained yield dependencies in the structure with respect to both the distance 
and orientation. 

Secondly, in the metallografical study besides dislocation the particles (precipitates) of various 
shape are observed and quantified with respect to their volume, shape and spatial distribution. 
The problem of interest is wheather these particles are located along the dislocation lines or 
independently of them. This can be solved by means of the mixed pair correlation function <7ху(г) 
which is related to a couple of random fibre process X and random point process Y of particle 
centroids. In the estimation algorithm we count the number of points У in a circular (sector) probe 
centered in a typical point of X. 
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The conductivity of carbon black (CB) composites suddenly increases at the percolation thresh
old 2.5 - 10 Vol.% of CB. This efTect implies the coagulation of CB particles to form a conducting 
network. The related theory, its use in the development of high conductive composite and the 
characterization of the composites are the main aims of the work. 

As to the theory, Wessling [1] or Miyasaka [2] propose that the driving force is the interfacial 
energy. We propose that the equilibrium CB network is determined by two factors. One is the 
equilibrium concentration of CB in the thermally activated free volume space of the polymer (2.5 
- 10 Vol.%) and the other is the equilibrium structural continuity of this space. With respect to 
the presence of clusters of ordered molecules in the melt and to the model [3], the free volume 
expelled outside the clusters during their liquid-solid (L-S) transition has a form of stable holes 
which can not accept any CB particle by diffusion. The free volume in the cluster's surroundings 
reduced by the expelled stable holes has a thermally activated character and represents the space 
able to accept the CB particles by diffusion. 

For our experiments, both the medium density polyethylene LITEN 4020 and CB CHEZACARB 
EC A with surface атеа 800 m2/g were obtained from Chemopetrol Litvínov. The composite was 
mixed in a mixer Werner-Pdeiderer (WP) or in a double screw extruder ZSK 40 in the Engineering 
Institute in Neratovice. Samples were molded in a cable extruder in Kablo Vrchlabí. 

In order to explain the process of the network formation, the samples were heated above their 
melting point 125 °C and DC current passing through the sample was measured at a constant 
temperature for several hours. At the completion of the heating experiment the samples were 
cooled at about 2°C/min. or quenched in water. Additional experiments are discussed in national 
and international cooperation. 

The activation energy 125 or 75 kJ/mol of the conductivity increase process of composites 
mixed in the WP or ZSK 40 mixers resp. has been estimated. These values are comparable to 
the activation energy of diffusion of the molecules of the size Ceo (0.71 nm) or Ce (0.42 nm) in 
polyethylene resp. [4], [5]. The elementary units of CB are crystallites of the mean dimensions in 
an order of magnitude of 2 nm composed of stacks of layers in which the carbon atoms are arranged 
hexagonally [G]. It means that the CB network is formed by the diffusion of small fractions of the 
CB lattice. The smaller size of the fraction is related to the higher internal shear stress in the ZSK 
40 mixer. A Theological measurement will complete these conclusions. 

The structural continuity of the thermally activated free volume space above the melting point 
can be damaged during the L-S transformation. Our experiments show that the low cooling rate 
from the melt decreases the conductivity of solid composite by more than five orders of magnitude. 

175 



CTU PRAGUE WORKSHOP 93 - MATERIAL ENGINEERING 

The related increase in crystal size or the degree of crystallinity measured by WAXS and DTA 
arc only 10-15 %. Rather, a possible cause may be the stable holes expelling into the continuum 
during the slow L-S transformation of clusters [3]. For better understanding of the process, more 
experiments are desirable. Nevertheless, this process of elimination is the essence of our new 
technology saving the continuum also for the solid state. The sample is put into the chamber with 
a hot oil and is transformed to the solid state by the high shock isostatic pressure. 

The current-voltage behaviour at a low electric field gives the information regarding the in
ternal mechanism dominating the conduction process. Our results show that the linearity of 1-V 
characteristics increases with the increasing temperature. The linear behaviour is typical for the 
improved contacts inside the network and the direct conduction in contrast with non-linear phe
nomena like tunneling, Shottky emission, Poole-Frenkel efTect etc. which are governed by the 
intcrfacial barriers. 

In order to elucidate the influence of the contact resistance on the results of electrical mea
surements, we developed several "four-terminal" measuring devices for temperature range up to 
170 °C in normal or neutral atmosphere. 

The long-time current measurements showed that the decrease of conductivity to about 50 % 
of their original value during the two-year time period is characteristic of most of the samples. 
The similar behaviour showed the positive temperature coefficient of resistance (PTC effect). The-
crosslinking of polymer structure improves a stability of the CB network. 
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As, is well known in the crystal growth field, the lower the growth temperature (with some 
limits), the higher the crystal quality produced. A corresponding approach is a growth from high 
temperature solutions, and, for bulk crystals, from a molten-solution zone (MSZ). 

MSZ methods possess an important advantage: the possibility of a perfect process control, In
cluding heat/mass transfer in a melt and at a crystal-melt interface [1], [2]. Therefore, there is 
a maximum probability to minimize the common disadvantage of all solution growth processes: 
low growth rate [3], [<1]. This problem has been solved by various methods of stirring, and forced 
convection: 

• by mechanical forces, e.g., by vibrational stirring (VS) [5], [0], [7]; 
- by "field" forces, e.g., by magneto-hydrodynamical (MUD) forces etc. [8]. It is becoming a 

highly topical problem now [9]. 
The THM (Travelling Heater Method) [4], which belongs to the MSZ methods, is now the 

most convenient one, and also has been used in the growth of bulk ternary solid solutions (TSS) 
based on, e.g., III-V semiconductors [1], [4]. Bulk TSS crystals possessing adequate quality could 
significantly minimize a misfit and in this way could become a more improved substrate material 
than a binary one. This potential advantage could substantially contribute to OE (optoelectronic) 
device fabrication and, consequently, to an extension of utilization, which might have a wide impact 
on many fields. 

Our combination of CAM-S (Crystallization Method Providing Composition Autocontrol - in 
Situ) and COM-S (Calculation Method of Optimal Molten-Solution Composition) [10] with a low 
frequency and low energy VS [11] represents a novel approach to the TSS bulk crystal growth. 
These have been applied on G a ^ n ^ S h TSS [12]. 

The CAM-S/COM-S belong also to MSZ methods and are a variant of THM, but have become 
more powerful in principle. There are two basic differences between CAM-S/COM-S and THM. 
- First: The possibility of the repeated MSZ creation in situ and, therefore, the possibility of 
zone refining from the MSZ in situ. The last provides an opportunity for the crystals to reach 
a very high level of purity [13]. - Second: Using one of five variants for a creation of the MSZ 
which the CAM-S/COM-S combination contains, one obtains extraordinary constancy of the TSS 
composition [12]. 

This is illustrated by GazIni-xSb. The solvent here is "In". The ingots bearing a mosaic struc
ture and having x « 0.95, were about 125 mm long, with a cross section of « 43 mm2. The 
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lattice parameter "a" was measured by tho Debyo-Schorror method and by the "Hack Scattering 
Method" In 0 places along the all Ingots with a period of about 25 mm. The maximal deviation in 
tho V-valuos did not exceed, on the length of 75 min, 0.033% (0.2ptn) [14]. 

The whole process was accelerated by a low-frequency and low-energy VS. The growth rate was 
ss 2 mm/h 1 Though It was not single-crystal, the preliminary results arc as follows. At 300 К/78 К: 
p и 10"/1021 m"3i nP M 0.49/ 1.8m2/Vs. 

These results compared, for example, with [1], [4] look highly promising and mark novel ap
proach to better crystals. 
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Thermal conductivity as one of the most important physical parameters of building materials 
has been an object of study for years. In the past, the value of thermal conductivity was regarded 
as a constant, in thermal-technical calculations (see e.g. [1]). More recently, the measurements [2] 
and mathematical simulations [3] have shown that the thermal conductivity as well as many other 
thcrmopliysical parameters arc to be regarded as variables, depending on external conditions the 
most important of which being temperature and moisture. It has been also proved (see [2]) that 
in a limited temperature and moisture ranges, corresponding to the usual operation conditions of 
most of the buildings, the dependences of thermal conductivity on temperature and moisture can 
be expressed by linear functions without any significant loss of precision, and also linearly coupled, 
i.e. superposed. 

In this paper, we have studied the influence of temperature and moisture on the thermal con
ductivity of CLIMATIZER PLUS, a new developed heat-insulating material on the pulp basis. 
The samples were prepared in two basic forms, 1) loose (37 kg m~3) and 2) bonded by water glass 
(55 kg m - 3 ) , in a laboratory tank of the dimensions 1 0 - 2 0 - 4 cm. 

The thermal conductivity was measured by the apparatus Shotherm QTM, which is based on 
the hot-wire method. First, the samples were put in a conditioning chamber together with the mea
suring probe to reach the predetermined values of temperature and moisture. The measurement 
of thermal conductivity consisted then in heating the wire inside the measuring probe due to the 
computer-controlled impulses of the electric current, and a consequent time-dependent evaluation 
of the temperature response of the sample surface. 

Fig. 1 shows an example of the dependences of thermal conductivity of the samples 1) and 2) on 
moisture at the constant temperature of 38°С in the moisture range from 5% to 20%. Apparently, 
the influence of moisture is very significant. An extrapolation of these functions to the zero-
moisture value makes it possible to determine the thermal conductivity of the dry material, which 
is otherwise difficult to measure due to the fast moistening of the material from the air during 
the cooling of dried samples. Collecting these values for different temperatures, we obtain the 
dependence of thermal conductivity of dry samples on temperature. This is shown in Fig. 2. 

For the application in a particular building, the most probable value of average moisture in the 
material CLIMATIZER PLUS, during the operation of the building, is approximately 10%. Fig. 
3 shows the dependence of thermal conductivity of both loose and water-glass bonded samples, at 
this value of moisture, averaged for the measurements on all samples of each type. 

As shown in our experiments, the dependences of thermal conductivity on temperature and 
moisture can be coupled using a linear function (i.e. superposed), and the influence of either of them 
cannot generally be neglected. However, there exist special situations where one of these influences 
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is of low importance, e.g. for high-temperature applications above 100°C, only the temperature 
dependence of thermal conductivity plays a significant role, for materials in a direct contact with 
pressure water or roof covering materials, the moisture influence is apparently predominant. 
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Fig. 1: The influence of moisture on the thermal conductivity of CLIMATIZER PLUS, T = 
38°C (full line - sample 1, dashed line - sample 2) 

Fig. 2: The influence of temperature on the thermal conductivity of dried CLIMATIZER PLUS 
samples 1 (full line) and 2 (dashed line). 

Fig. 3:The dependence of thermal conductivity of CLIMATIZER PLUS on temperature at the 
moisture u = 10% (sample 1 - full line, sample 2 - dashed line) 

Note that the superposition of the influences of moisture and temperature [2] can be applied also 
to many other physical parameters, either directly (volume expansion) or as a first approximation 
(specific heat, sound velocity), when physico-chemical reactions between water and the material 
are neglected. 
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Specific heat is one of the thcrmophysical parameters, which is of great importance in various 
theoretical analyses and calculations in civil engineering, e.g. energy balances, determination of 
temperature fields in constructions with given initial and boundary conditions. Particularly in the 
higli-tempcrature applications, e.g. in fire protection of buildings, the temperature dependence of 
specific heal is to be taken into acconnt. In large temperature ranges, the values of specific heat 
can reach order-of-magnitude differences (see [1,2]). 

Measurement of specific heat of building materials using classical adiabatic-calorimetry methods 
can face certain difficulties due to the two main reasons: 

a) The samples of building materials have to be relatively big because of their inhomogeneity 
b) The low thermal conductivity of most of building materials when coupled with large dimen

sions cause a relatively long time to the temperature equilibration, and consequently a significant 
heat loss. 

In this paper, a non-adiabatic method for the determination of temperature-dependent spe
cific heat of large samples at high temperatures, which is very suitable for building materials, is 
described. The new developed calorimeter has a mixing vessel of the volume of 2.5 liters. The vol
ume of measuring fluid (usually it is water) is of about 1 liter. The maximum volume of measured 
samples is 1 liter. 

Heat loss of the non-adiabatic system is determined by calibration. The calorimeter is filled 
by water temperature of which is different from the ambient air, and the dependence of water 
temperature on time is measured with a precision of 0.02 K. The air temperature is kept constant, 
aloww-spced ventilator near the calorimeter bucket is used to ensure steady-convection conditions: 

The measuring method otself is based on well-known principles. The sample is heated to a 
predetermined temperature T,in a muffle furnace, and then put into the calorimeter with water. 
Then, the dependence of water temperature is measured, water being slowly stirred all the time, 
until the temperature equilibration between the measured sample and the calorimeter is reached. 
The theoretical equilibrated temperature (in absense of heat loss) which is necessary in the heat 
balance is calculated using the heat-loss calibration curve. Subsequently, the value of enthalpy, 
h(T,), is determined from the heat balance, with respect to a chosen reference temperature. Per
forming now measurements for various sample temperatures, we obtain a pointwise given function 
h = h(T). 

The determination of enthalpy in the dependence on temperature makes it possible to calculate 
on the one hand the specific heat pointwise, i.e. for every temperature, on the other hand the 
average values of specific heat between two chosen temperatures, which is the treatment used in 
many usual methods. 

The experimental measurements of specific heat in the dependence on temperature were per
formed on two typical building materials, concrete (the volume mass 2250 kgm-3) and basalt 
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fibreboards (the volume mass 150 kgm - 3) . The measured results show (see Fig. 1) that for con
crete, the c(T) curve has an increasing character in the whole temperature range from 0°C to 
1000°C, which is an expected character of the temperature dependence of specific heat [1]. How
ever, the specific heat of basalt fibreboards (see Fig. 2) increases only in the temperature interval 
0 - 200°C but sharply decreases in the range 200 - 500°С The physical reason of these changes of 
the specific heat lies in structural changes in the material due to burning-out or dry distillation of 
certain components (e.g. organic bond). Above 500°C, the specific heat is almost independent on 
temperature which is due to certain stabilization of the material before its thermal degradation at 
approx. 900°C. 

1S00 

1000 1000 

Fig. 1 Dependence of с on T for concrete 

References : 

Fig. 2 Dependence of с on T for basalt 
fibreboards 

[1] TOMAN, J.: Vliv vnějších podmínek na stavební materiály a konstrukce. DrSc. Thesis, 
CTU Prague 1986. 

[2] TOMAN, J. - KUTMAN, O.: Effect of External Influences on Thermophysical Parameters 
of Building Materials. CTU Prague, 1986. 

This research has been conducted on the Department of Physics and has been supported by CTU 
grant No. 1102. 

182 



CTU PRAGUE WORKSHOP 93 - MATERIAL ENGINEERING 

CHEMICAL RESISTANCE OF EPOXYACRYLATE 
MORTARS 

L. Svoboda, Z. Tobolka 

CTU, Faculty of Civil Engineering, Department of Building Materials 
Thákurova 7, 166 29 Praha 6 

Key words: epoxy polymer concrete, epoxyacrylates, chemical resistance 

The most valuable property of epoxy resins is their ability to transform readily from a liquid 
state to a tough hard thermoset solid. In the building industry this ability makes epoxy mortars 
and epoxy polymer concretes useful. 

As the viscosity of common epoxy resin is too high, the resin must be diluted before a filler is 
added. A wide variety of diluents, plasticizers and flexibizers are used for this purpose. 

A homogeneous mixture of epoxy resin with these ingredients and with hardener is called a 
resin binder (epoxy binder). 

The use of a resin binder instead of Portland cement results in a substantial increase in cost. 
Therefore epoxy mortar or epoxy polymer concrete are used only in applications in which higher 
cost can be justified by their superior properties. That is why epoxy polymer concrete are most 
often used for industrial floors. The choice to use an epoxy binder must be made carefully with 
respect to expected chemical stress. 

Epoxy resins which are modified by the admixture of acrylate esters during their production are 
called epoxyacrylate resins. Acrylate esters are effective diluents and in addition to their carbon 
double bonds take part in hardening reaction. Production of some of these epoxyacrylate resins 
was started in our country several years ago. But deeper study of the chemical resistance of 
epoxyacrylate mortars or epoxyacrylate concretes has not been done yet. 

In the submitted work chemical resistance of epoxyacrylate mortars is tested using the following 
method. 

A polymer mortar was prepared by mixing one part by weight of freshly mixed epoxyacrylate 
binder with three parts by weight of dried silica sand. Cylindrical specimens were formed in a mould 
which was made from silicon rubber (Lukopren N 1522). The height and diameter of specimens 
were 25 mm , their weight was about 23 g. 

To prepare binder six kinds of epoxyacrylate resins from Spolchemte Ústí nad Labem were used. 
The resins ChS Epoxy 3006, ChS Epoxy 3016 and ChS Epoxy 3015 are commercially available. 
The resins ChS Epoxy 1017, ChS Epoxy 1018 and ChS Epoxy 1019 are developing products. The 
resins ChS Epoxy 3006, ChS Epoxy 3016, ChS Epoxy 3015, ChS Epoxy 1017 and ChS Epoxy 1018 
were mixed with recommended amount of diethylenetriamine; in the case of ChS Epoxy 1019 an 
amine adduct P 164 was used as a hardener. 

After sitting for seven days at room temperature the specimens were immersed in several differ
ent corrosive liquids. At regular intervals weight change, appearance and colour of specimens were 
observed. A compressive strength was determined at the age of two months and at two years. All 
tests were performed at room temperature. 
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The course of weight changes was evaluated mathematically. A power regression function gives 
the best correlation in a majority of cases. 

The epoxyacrylate polymer mortars generally have a poor resistance against acetone and xylene. 
Concentrated ethanol causes strong damage too. On the other hand all epoxyacrylate specimens 
have an excellent resistance in petrol. A significant difference in chemical resistance was observed 
in the other cases. 

The fine sand BIO from Střelec (type KO-IV-12/17-C according to ČSN 72 1204) was used as 
a filler. Since chemical resistance is generally determined by the origin of the epoxy binder to a 
greater extent than by the type and amount of filler, we suppose that results with coarser silica 
filler will be similar. 

This research has been conducted at the Department of Building Materials as a part of the 
research project "Durability and chemical resistance of epoxyacrylate polymer concretes'' and has 
been supported by Faculty of Civil Engineering grant No. 1155. 
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Shotcrete consists of certain components (cement, aggregates, admixtures, water and additives) 
which under controlled conditions at the site can be sprayed to achieve the required properties. A 
number of underground structures are exposed to water with locally differing contents of sulphate 
ions, and thus attention must be paid to expected life of shotcrete structures. 

The optimum aggregate composition plays a much more important role in shotcrete than in 
со mmon concrete. It not only influences the aggregate composition on shotcrete strength, but 
also on internal cohesion of the concrete mixture, its adhesion to the surface and, finally, also on 
waste-losswes occuring due to part of the grains recoiling from the base. The suitability of the 
available grain curves point at Čičelice and Chržín as the best locations, containing an optimum 
proportion of the coarse fractions and not a too small proportion of grains of less than 0.25 mm 
or 0.5 mm, which is further somewhat rcducable by admixture of fly ash or silica fume. 

The necessary factor determining the possibility to use an admixture into shotcrete is its positive 
influence, raising the initial strengths without a singificant drop of the final strengths (after 28 
days, compared with zero concrete). Barra Gunit has the most positive influence of initial strength 
of concrete from all the admixtures monitored. The final 28-day strength is however affected by 
Barra Gunit, by about 45%. The slowest strength gowths are observed at mixtures with the Alsit 
or Vukosal additive, but final strength drops is also aflccted. Mixtures with Testudix additive arc 
assessed as good. This additive increases the initial hardening rate and final strength drops by 
cca 40%. The best rcsultcs were abtained mixtures with Sigunit and Torganit L 02 additives, with 
relatively high initial strengths, but also final strengths which even exceed those of zero concrete. 

The highest sulphate resistance is observed at the samples cut out from sprayed blocks. Their 
resistance was positively influenced by addition of fly ash or silica fume. Sulphate resistance is also 
increased by adding cement with low C3A contents. 

Test of cement, aggregates and especially additives led to new, optimized composition of shot
crete. The new formula is essentially different from the old one. 

As in the I. stage, the test pieces were sprayed using the usuall technology into wooden moulds 
600 X 600 X 200 mm. From these, smaller samples were cut out: prisms of 100 X 100 X 400 mm and 
prisms of 40 X 40 X 160 mm. These samples were tested for : compression strength, tensile bending 
strength, static modul of elasticity, shrinkage and creep. 

The tests were carried out after 3, 7, 14 and 28 days. One day strength was calculated from 
strength growth rate of shotcrete determined on the laboratory samples. Results show improve
ment in quality of shotcrete in spite of cement reduction. The optimized formula attains a B25 to 
B30 class quality. The 1991 semi-field tests brought only a B20 class quality. Yet, the experimental 
results cannot be directly used for designing. That is why a reliability model was used for determi
nation of standard and calculation strength of shotcrete usable in statics calculations of structure 
elements from shotcrete. 
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Physical and mechanical properties of fresh sliotcrete are monitored by means of a specially 
designed and manufactured prototype of the "SUKLET" device, determining compression strength 
of fresh shotcrte according to the depth of the puncture of a pointed chisel of a defined shape, or a 
needle, driven into the service at a predefined energy, which is coming out of a spring mechanism. 

Less traditional ways have also been examined of positive influencing shotcrete properties, 
especially to minimize its shrinkage, or rather shrinkage cracks occurrence which might affect Us 
watertightness. 

Polypropylene (PP) microfibres were therefore thoroughly tested, which like the presently used 
steel fibres (wires) form so called dispersion micro-lining in concrete. Foregn as well as domestic 
fibres were tested, the lather manufactured on a special instrumented designed by the Liberec 
Research Institute for Textiles. Even though the additin PP fibres does not improve mechanical 
properties of shotcrte, it does work well for its volume changes and increases the internal cohesion 
of the mixture, thus reducing the waste at spraying. The amount of concrete mixture waste is 
significant factor of the whole economy of this technoIogy.The optimum batch of PP fibres was 
found to be close to one tenth volume per cent, the optimum length being 6 mm. The fibres must 
be lubricated, e.i. their surface treated so their water wettability would be better. 

Combination of the PP fibres additive with the expansions additive can further improve the 
properties of shotcrcte, especially its adhesion to the base, water tightness and frost resistance. 

The results achieved together with the knoledge gathered show that for tunnel structures 
shotcrete is a very reasonable and economical technology. Both practical and theoretical reasons 
prove the necessity to further improve its properties. 

As a follow up to the work done so far other types of PP fibres and expansions additives should 
be tested and special properties of shotcretc should be measured, like e.g. frost resistance, water 
tightness and shrinkage. The infliiebce of the Torganit L02 additive (sodium aluminatc) should be 
monitored on long-term development of shocrete's mechanical properties. Some calcium aluminate 
compositions are known to recrystalize, losing at the same time their binding properties. More 
experiments should be carried out assessing adhesion of shotcrete to a rock or concrete base, as 
this is closely connected with its full construction use. 

This research has been conducted at the Klokncr Institute as a part of the research project 
"Technology of shotcrcte used in tunneling" and has been supported by CTU grant No. 8061. 
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Repairs of reinforced concrete structures are becoming a typical problem, the successful solution 
of which requires special technology and materials. The information available so far does not allow 
for appropriate selection of domestic materials with verified properties. This study submits the 
results of a partial stage of the 8060 grant, focussing on testing the domestic material resources 
to be used for adhesion links at repairs of reinforced concrete. Such repairs are usually structural, 
raising the load-bearing capacity of the structure, or, aesthetic, preventing further corrosion of the 
reinforcement and reduction of the load-bearing capacity of the structure. It has been proven, that 
one of the parameters important for the success and long-term b'fe of any repair is the adhesion of 
the newly applied repair material to the base. As a result of volume changes of the repair material in 
the joint during maturing, of its drying out and due to the differing thermal or humidity expansivity 
coefficient, tensile stress occurs, which may lead to separation of the newly applied material and 
thus to failure of the whole repair. 

On the basis of more or less empirical experience the minimum cohesion required was set at 
1,5 MPa (defined as the average strength of the link under simple tension). The preceding research 
showed that classical cement mortars or concretes usually do not reach this cohesion value. Repair 
materials modified by polymer dispersions do improve the adhesive value to a certain extent, 
however domestic polymer dispersions improve adhesion to the base only at higher volumes, and 
other utility parametres of the mortars arc so strongly affected that this solution is practically out 
of question. 

A viable solution commonly used abroad to improve adhesion of the silicate rcprofilling mortars 
to the base is the insertion of a connecting interlayer, a so-called adhesive bridge. Therefore, tests 
were made of the following variants of linking the base concrete with an unmodified cement mortar: 

a) without adhesive link, before the application of mortar, the base only repeatedly wetted 

b) the base was penetrated two times with the SOKRAT 2804 styrene acerylate dispersion, 
diluted 1:5. Undiluted dispersion was applied to the surface immediately before the mortar 
application 

c) the base was penetrated two times with the SOKRAT 2804 styrene acerylate dispersion, di
luted 1:5. Immediately before mortar application, a polymer-cement composition was applied 
to the surface, made up of 
100 volume parts of PC 400 Pragocement 
100 volume parts of 0-0,5 mm sand 
100 volume parts of SOKRAT 2804 
Like before, the mortar was applied immediately, into the fresh connecting interlayer. 
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d) the base was penetrated with the CHS Epoxy 3011 resin, set with KP-N Rezanil. 24 hours 
later, the following composition was applied: 
100 g CHS EPOXY 1505 
150 g 0-2 mm glass sand 
5 g Acrosil Degussa A 380 

This filled resin was set with the KP-N Rezanil, which had been thickened with Aerosil. Again, 
the mortar was applied right away into the still fresh connecting interlayer. 

All these variants were both laboratory and field-tested. In the lab tests the samples were 
treated with model atmospheric loads consisting of: 1. cyclical freezing and heating to -20°C 
and + 20°C temperatures and 2. cyclical drying out and saturating with water. Field tests of 
the above mentioned variants took place on vertical surfaces of the peripheral columns of the 
ventilator cooling towers in Prunerov I. power plant. The laboratory results showed - as expected 
- that the samples without adhesive link have the lowest adhesivity. In spite of careful treatment 
of the surface of the base tiles with dry sand-blasting, the required adhesivity achieved did not 
exceed 1,5 MPa.'The other tested variants of the adhesive links proved that this adhesivity value 
is attainable in a lab, both at the adhesive links which are based on the dispersion itself, or on 
the basis of a polymer-cement composition, the latter's adhesion well exceeding the standard. The 
highest adhesion as expected was attained by old concrete linked with reprofilling mortar based 
on epoxy resin. 

From the results accumulated so far, the most important is the comparison of lab tests with 
field tests. Clearly, the laboratory results must be assessed with a certain reservation. There are 
factors or aspects of the field tests which are not easily imitated in a lab. 

The only variant usable in larger scale in practice for application to vertical surfaces is the 
polymer-cement composition (designated as "c"). However, not even this one is able after two 
years exposure to stand up to the adhesion requirements. 

From the viewpoint of the results obtained so far, it will be very interesting to know the results of 
the ongoing factual atmospherical stressing, which should provide the information on the long-term 
stability of the links and thus on their eventual practical usability. 

This research has been conducted at the Klokner Institute as a part of the research project 
"Diagnostics and improving of the serviceability of engineering structures" and has been supported 
by the grant of the CTU No. 8060. 
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The strengthening of concrete elements and structures by the addition of a concrete layer is one 
kind of reconstruction of concrete structures. Adhesive layers are used to create joints with required 
characteristics. The object of our test was to determine the durability of adhesive layers made from 
acrylate dispersion Sokrat under shear cyclic loading and to provide information concerning the 
applicability of the Palmgren-Miner hypothesis to concrete element joints. 

Before the fatigue tests for the determination of Wohler curve and for determination of the 
applicability of the PalmgrenMiner hypothesis, static strength of the joint (R,= 1.2 MPa) was 
determined. Then the Wohler curve was determined and it can be expressed by equation: 

% ^ = 1 -0.0736 -(l-R)-\ogiQN (1) 
Jo 

where fmax denotes the highest level of loading, /o = R, denotes the static strength, R = 
fmin/fmaxi Imin denotes the lowest level of loading, N denotes the number of load cycles to 
failure. The ratio R was put at 0.2 and kept constant in all tests. 

The Palmgrcn-Miner hypothesis is based on the assumption 

E— = 
. лг,-

1 (2) 

where n; denotes number of load cycles with constant amplitude /,-, TV,- denotes number of load 
cycles with the same amplitude to failure. In our experiment tests were carried out in two stages, 
and in such a case the Paltngren - Miner partial damage hypothesis becomes 

* + Ж = 1 <•> 
The tests were performed in ten series, with 8 specimens in each series. The load parameters 

were varied as shown in Table 1. 
In evaluating the results, the logarithm of the partial damage sum is used: 

l og io^^ r ^og io "» - (4) 

Theoretically, the mean value of this sum should be 0, as log10l = 0. The mean value of logi0m 
for all ten series tested is 0.2053 with a standard deviation of 0.748. 
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Scrio 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

(\ mat/fo 

0.76 

0.65 

0.75 

0,65 

0.75 

0.65 

0.60 

0.80 

0.60 

0.70 

h mnx/fo 

0.G5 

0.75 

0.65 

0.75 

0.65 

0.75 

0.80 

0.60 

0.70 

0.60 

ni/tfi 

0.5 

0.5 

0.8 

0.2 

0.2 

0.8 

0.15 

0.85 

0.15 

0.85 

rtj/Wj 

0.5 

0.5 

0.2 

0.8 

0.8 

0.2 

0.85 

0.15 

0.85 

0.15 

Tab. 1: Loading parameters 

The evaluation of test results using normal logarithmic distribution showed that these results 
do not contradict the Palmgrcn-Miner partial damage hypothesis, as shown in [1], but more testing 
is necessary before we can be sure that this hypothesis is applicable to concrete element joints. 
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For fast and operative reconstructions of reinforced concrete structures methods or methodology 
must be available providing instantaneous information on the state and material characteristics of 
the concrete or reinforcement in question. Without these parameters the designer - an expert in 
statics, could not propose efficient measures securing further usability of the structure. 

Fast and correct assessment of basic mechanical properties of concrete (reinforced concrete) 
and its eventual damage is a challenging task, usually undertaken at specialized scientific research 
centers or universities. Each workplace adopts a different procedure according to its specialization 
or its technology equipment. There is no unified methodology or standard regulation for complex 
treatment of the prcrequsitcs or the methodology of the assessment. The designer always faces 
the challenging task to find an appropriate workplace capable of carrying out specialized tasks 
connected with assessment of the quality of the concrete structure in question, to formulate the 
tasks for the workplace and finally, to interpret the results, often obtained through rather non-
traditional experimental methods. 

This is why a number of both designer and investment companies arc trying to come up with 
their own criteria to provide guidelines for both the designer and the research worker (1),(2),(3). 
This process goes on abroad as well (4). However, for obvious reasons these regulations largely 
difTer from each other, usually focusing on the field of specialization of their authors. 

Orientation in these regulations, standards and partial publications is difficult and time-consum
ing. An clement is obviously missing, one which provides complex information to all participants 
of the construction process, i.e. the investor, the designer and the builder. 

This paper is an attempt at a synthesis of research works with experience scattered in a number 
of the above mentioned literary sources. It could serve as the basis for the drafting of a univer
sally applicable regulation which could cover research procedures, so that their results would be 
comparable and of similar informational value. 

The most important legal aspects connected with the research problematics are also described. 
Two aspects of building structure analysis are the assessment of the properties used through tech
nical standards and those properties of the structure which are vital for future safety and function 
of the reconstruction. It depends on the discretion and experience of the research worker to de
cide about the necessary scope of the research, points of sample collection, number of samples, 
assessment of the results obtained, static or dynamic tests, etc. Most of the load-bearing structures 
are covered with unloaded parts of structures or with surface finish and it is impossible for eco
nomic, operational or other reasons to uncover the whole of the load-bearing structure. Thus the 
information about the structure tends to be partial and the conclusions are drawn on the basis of 
such partial information. If the research worker draws his conclusions from submitted information 
and guidelines, using common methods with due professional care, he is preventing an eventual 
legal prosecution even though his conclusions may prove wrong in future, with eventual damage 
occurring. 
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Basic methodology of research procedures is described, formulating the priniplcs of research 
planning and assessment. 

Assessment criteria of the single experimental methods are described according to their: 
- accuracy, 
- speed of determination of the measured parameter, 
- price. 
The main contribution of this study is an outline of a whole range of experimental procedures. 

These are methods for testing the quality of concrete, corrosion monitoring and position of the 
reinforced cement. Some non-traditional methods and procedures assessing the chemical state of 
concrete arc described as well. 

At the end of the study, examples arc provided of technological equipment for measuring groups 
and individuals, indicating the amount of financial resources necessary for purchase of such tech
nology. 

This paper is a beneficial aid for a fast selection of optimal testing procedures as well as of the 
scope of research necessary. 
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In stage II of fatigue crack growth, relation between macroscopic crack growth rate v =do/dJV 
and stress intensity factor range К can be expressed in the form of Paris equation 

и = Л-(ДЛ')т (1) 

Simplicity of this "law" is attended by two problems dealing with parameters A and m : a) 
their variability even under the same conditions [l]j b) their vague physical meaning, connected 
with the fact that m is not universal integer constant and its variability leads to the variability in 
physical dimension of A. More recent studies (e.g. [2]) suggest for stage II multilinear plots rather 
than a simple straight line. As the changes of the Paris exponent m arc the consequence of the 
changes in crack growth micromechanisms, an application of microfractography can contribute to 
a deeper understanding of the fatigue process. 

A detailed fractographical study of fatigue crack growth was carried out on Ni-alloy EI 437B 
[3], and two Al-alloys (2024 and 2124) [4], all widely used in aircraft industry. On the basis of 
experimental data treatment, stage II of the curve v vs. К was separated into four sections denoted 
as Ha, lib, lie and lid - see Fig. 1. Each of them represents a qualitatively and/or quantitatively 
different period of fatigue crack propagation : 

In section Ha, a faceted fracture without striations is typical (2). The crystallographic character 
of the fracture is a result of the pronounced influence of the microstructurc. The transition from 
section Ha to lib appears at AK0 (see Fig. 1), the value of which can be determined fractograph-
ically. 

In section lib, the striation spacing seems to be independent of ДЛ* . It is equal to the constant 
s0 = 0.1 fim considered to be universal for various alloys [4], [5]. The ratio D = vjs , i.e., the ratio 
between macroscopic crack growth rate v and striation spacing s , is lower than 1 (the problem 
of ratio D is discussed in detail elsewhere [6]). Typical micromorphology of fatigue fracture of Ni-
alloy EI 437B in section lib is presented in Fig. 2a. The transition from section lib to He at AA'i 
corresponds to the knee on the а(ДЛ') curve - for ДА" < ДАГ1, s = s0, whereas for ДА" > ДА^, 
the function s(AK) is increasing (see Fig. 1). 

In section He, the ratio D is approximately constant and it is equal to 1. An example of 
micromorphology of fatigue fracture of Ni-alloy EI 437D in section He is presented in Fig. 2b. The 
transition from section He to Hd at К ^indicates the value of ДА" at which the static modes of 
fracture (e.g., dimple formation) start to take more weighty part in the crack propagation. 

In section lid, the inequality v > s is a consequence of the rising share of nonstriating mi
cromechanisms of crack growth [6]. 

The Paris law parameters are generally different in the four sections of stage II of fatigue crack 
growth, i.e., 

v= A{- (ДА")"1' , »' = о, 6, с, d (2) 
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Fig. 1: Stage II of fatigue crack growth Fig. 2: Fatigue fracture of Ni-alloy EI 437B in section 
lib (a) and Ik (b) 

It is evident that the values of these parameters depend upon the range of К in which the crack 
growth is studied. If the differences between sections of stage II are not considered, the overall 
Paris parameters can vary in a wide range. 

By this means, the microfractography allows not only to disclose one of the possible sources 
of the considerable variability of Paris parameters, but also to introduce the detailed quantitative 
information on the course of fatigue process into the Paris equation. 
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As we pointed out previously (e.g., [1], [2]), a deep knowledge of the relation between striation 
spacing and macroscopic crack growth rate is the decisive condition for a reliable fractographic 
^constitution of fatigue failure history. This relation between micro- and macroaspects of fatigue 
process can be expressed by the factor D [3]. The D-factor data for engineering alloys (see e.g., [4]) 
are the result of time-consuming experiments and painstaking fractographic analyses. Moreover, 
the fractographic data have a large variability corresponding to the stochastic character of the 
fatigue process. Therefore it is necessary to express the precious data in a standardized form 
facilitating their practical use in a failure analysis. The present contribution summarizes some 
results of a study oriented to the optimization of D-factor data processing. 

We have two experimental inputs for determining the D-factor - data with coordinates (v, AK) 
and data with coordinates (a, ДА'), where ДА' is the stress intensity factor range, v is the macro
scopic crack growth rate, and s is the striation spacing. In general, there are three various possi
bilities how to determine a relationship between D = v/s and AK (or s): 

A. To consider both the relationships v = v(AK) and a = s(AK) as regression functions and 
to estimate their parameters from experimental data with the method of least squares. Then 
the continuous relationship D = D(AK) can be obtained as a quotient of both regression 
functions. 

B. To consider as a regression function the relationship v = v(AK) only, and to estimate its 
parameters. The data of the relationship D = D(AK) can be obtained as aquotient of values 
v from the regression function and the experimental values s. Then a regression model must 
be fitted to this data. 

C. To determine data (discrete values) of the relationship D = D(AK) as a quotient of experi
mental values v and s and to fit an appropriate regression model to these data. However, in 
this case, experimental values v and s must be known for the same values ДА' in order to 
avoid interpolation. 

At first, the problem of the best type of a regression function for relationships v = v(AK) 
and s = s(AK) was solved. For this purpose, experimental data obtained from the observation 
of fatigue crack growth in aircraft wing panels were used [5]. For the relationship v = v(AK) the 
following six laws were considered: 

(1). Paris-Erdogan law (2 parameters), (2). Klesnil-Lukáš law (3 par.), (3). Forman law (3 par.), 
(4). Sigmoidal law (5 par.), (5). General Forman law (6 par.), (6). Cubic parabola law (4 par.). 
Laws 1 and 6 are linear regression functions but laws from 2 to 5 are nonlinear regression functions. 
This fact substantially complicates a parameters estimation. Parameters of all laws were estimated 
with the least squares method. The goodness-of-fit of individual law to data can be measured using 
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a residual sum of squares. On the basis of our results laws 5 and 6 are the best, i.e., they have the 
smallest residual sum of squares. This conclusion is not surprising for law 5 having six parameters 
but it is surprising for law 6 having only four parameters. 

Regarding that experimental relationships s = s(AK) are quantitatively similar to relationships 
v = v(AI\), the same functions can be used for the description of the relationship s = s(AK). In 
this case our results arc the same as above - the best functions are laws 5 and 6. 

Further, according to procedure A, three various relationships D = D(AK) were determined 
on the basis of three possible combinations of relationships v and 5 vs. Д Л' (combinations of types 
"5/5", "6/6", and "5/6" of crack growth laws). 

Laws 5 and 6 were considered for the relationship v = и(ДЛ') in the case of procedure B. 
Discrete data of the relationship D = D(AR') were obtained as a quotient of values from the 
regression function v = v(AK) and experimental values s. Then regression functions of types 5 
and 6 were fitted to these data. 

Finally, in procedure C, discrete data with coordinates (AK,D) were obtained as a quotient of 
experimental values v and s. Regression functions of types 5 and 6 were fitted to these data. 

Using whatever procedure, the regression function D = D(AK) can be obtained in the form 
of laws 5 or 6, which arc the best. This standardized curve can be considered as an estimate of 
a mean relationship and it docs not express any information concerning an objectively existing 
variability of the D-factor. Therefore the next step of our study will deal with the complicated 
problem of determining confidence intervals about nonlinear regression lines. A serious solution of 
a D-factor data treatment is necessary for the evaluation of the reliability level of fractographic 
rcconstitution of fatigue failure history. 
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The information encoded in the fracture surface micromorphology is objective and irreplaceable, 
nevertheless its acquisition is difficult and time-consuming. The main input for the fractographic 
rcconstitution of fatigue crack growth history is the dependence of striation spacing s on the fatigue 
crack length a, i.e. the SEM data presented in the form of s = s(a) curve [1]. It means that an 
application of this method is limited by the occurrence of measurable striatums. Therefore the 
searching for the other morphological patterns having correlation to the fatigue crack growth rate 
v is very desirable. The image data processing can be a very useful tool in this area of research. 

During last two years, the link between the scanning electron microscope JEOL JSM 840A and 
PC was built up. We developed the software (supported by Windows 3.1) allowing the transfer of 
digitalized image data from SEM to the PC [2]. The system of data archiving and simple image 
processing fully substitutes the former photographical methods of striation spacing measurement. 
We tried to apply these procedures to an evaluation of geometrical characteristics of other fracto
graphic features, not used currently in quantitative fractography up to now. In the first step, the 
following characteristics of striation fields were measured (see Fig. 2): the width b, the length с 
and the field area. 

The first data set obtained by the described techniques is presented in this paper. The 2024-T3 
aluminium alloy specimen (thickness D = 4 mm, width W = 40 mm) was loaded under the constant 
stress amplitude aa = 20 MPa. One single overload cycle on level aa = 30 MPa was applied at the 
crack length a = 20.45 mm. 

The results of fracture surface analysis are summarized in Figs. 1 and 2. The relation between 
s = s(a) and v = v(a) curves plotted in Fig. 1 is in agreement with the contemporary level of 
understanding of the ratio between the macroscopic crack growth rate and the striation spacing 
[2]. The c/b = /(a) curve in Fig. 2 corresponds to the changes of the macroscopic crack growth 
rate following the single overload cycle. 

The results obtained up to now indicate that some of the geometrical characteristics of fatigue 
fracture micromorphology (e.g. the c/b ratio) could be used for the fractographic reconstitution of 
fatigue crack growth history, similarly as striation spacing. This possibility would be very valuable 
especially in the cases when the striation spacing method fails. 

Simultaneously with the interactive methods of computer aided fractography, we are studying 
the possibility of the image analysis oriented towards the automatic detection and evaluation of 
the striations fields. The main problem of this approach is the high level of noise of the SEM signal, 
therefore it is not possible to use the current simple algorithms of image analysis [3]. Nevertheless, 
the first results obtained are very encouraging. The development of computer aided fractography 
continues in cooperation with the Computer Vision Laboratory (Dept. of Control Engineering, 
Faculty of Electrical Engineering). 
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Fig. 1: Striation spacing and crack growth rate vs. crack length 

Fig. 2: Ratio c/b and crack growth rate vs. crack length 
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Methods of the fractographic rcconstitution of the fatigue crack growth enable to obtain the 
description of the crack length as a function of time-coherent characteristics on the basis of quan
tified fractographic findings [1], [2]. The theoretical basis of the methods is created by the relation 
between the striation spacing and the macroscopic crack growth rate. However, the fractographic 
results are usually relative to a chosen cross section in the crack growth direction. In practical 
fr.actographic analyses, it is often desirable to identify the crack front shape passing a given point 
on the fracture surface. So far, this was possible only when the crack front traces caused by changes 
of loading or environment had been visible on the fracture surface. 

Detailed statistical study of the orientations of the striation fields led to the formulation of the 
following hypothesis on the relation between the microscopic and macroscopic crack growth direc
tion: The mean microscopic crack growth direction is perpendicular to the macroscopic 
crack front. 

In flat bodies loaded in mode I under the the plane-strain conditions, the crack front is shaped 
into a curve which usually may be approximated by a circle arc. Having introduced the co-ordinates 
a and x as shown in Fig. 1, we can describe the circular crack front by the equation 

{x-sf + f(xf = R2 (1) 
where parameter It denotes the circle radius and parameter s denotes the excentricity of the circle 
center. The dependence of the deviation a between the line perpendicular to the crack front and 
the i jroscopic crack growth direction parallel to the co-ordinate a is given as 

x - s ... 
sin a = —jj- (2) 

According to the above hypothesis, the random directions a,- of the local microscopic crack 
growth should correspond to the linear regression model 

sina,= kxi+q + 8; , » = 1, 2,..., n (3) 

where Í,- denotes random deviations. Parameters к = 1/Д and q = -s/R may be estimated using 
the least squares method. The location of the computed crack front along co-ordinate a is deter
mined by the crack length range from which the set of experimental pairs [jv,or,] , Í = 1, 2,..., n 
originates. 

The results of three fractographical reconstitutions of the crack shape in the neigbourhood of a 
distinct crack front trace caused by an overloading arc plotted in Fig. 2. The macrofractographically 
determined points of the real crack front are denoted by asterisks. The meth-4. is considerably 
robust: The third crack front is determined only on the basis of the data obtained in a narrow 
zone around the middle of the fracture surface -0.64 < x < 0.16 [mm]. 
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In a general case, the crack front shape cannot be assumed in any parametric form. The mean 
crack growth direction is computed using the method of moving average and the crack front is 
reconstructed by means of numerical integration, on the basis of 

/ ' ( i ) = - tan a (4) 

The method described above extended the possibilities of the fractographic reconstitution of 
the fatigue process history. However, its main significance consists in the contribution to the 
knowledge of the micromechanism of the fatigue damage. At present the method serves as the 
basis for a detailed study of the microscopic crack growth direction as a random variable. There 
are two aspects of special interest: 1. The influence of the orientation of striation field on the 
striation spacing. 2. A connection between the distribution of the striation field orientations and 
the anisotropy of material crystallic structure. 

Fig. 1: Fig. 2 
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An FEM model of fatigue crack propagation was described in [1], [2] along with an analysis 
of crack behaviour under repeated tensile loading with a single overload. The results of further 
development of the model are briefly presented in this paper. 

The crack tip plastic deformation in the loading direction can be approximately compared to 
the uniaxial loading under strain-controlled low-cycle fatigue test with a positive mean strain and 
with a small strain range. Stress-strain diagram from such hypothetic test is schematically shown 
in Fig. 1." Here, three loading cycles are assumed to act on a cracked body. In the first, so called 
"dead" cycle, the crack does not grow. In the second, "active" cycle, the crack length increases; 
the third cycle is again "dead". The dashed line in Fig. 1 represents the simplest isotropic strain 
hardening, which was used in the original FEM model. The real cyclic plastic properties of materials 
are described in a better way by the kinematic strain hardening, which is now implemented in the 
model. The Ziegler's modification of Prager's hardening rule has been used. The corresponding 
uniaxial stress-strain record is plotted in Fig. 1 by solid line. It can be seen that kinematic hardening 
leads to a higher value of plastic strain range during a cycle, lower residual plastic strain, which 
determines the crack closure, and lower absolute value of stress, namely after unloading. Moreover, 
during the kinematic hardening the maximum tensile stress relaxes in the dead cycle. 

A comparison of crack tip elastoplastic deformation mechanics under repeated tensile loading 
obtained by two-dimensional FEM computations for isotropic and kinematic hardening is shown 
in Fig. 2. The results have confirmed that all the conclusions based on the simple uniaxial concept 
arc also valid for the real material behaviour in front of the crack tip. 

Another modification of the FEM model concerns the mo»"«"it of elementary crack jump in 
the loading cycle. Originally, the crack extension was modelled at the maximum load. Now, the 
crack tip jumps at the load when the crack is fully open for the first time in the cycle. The 
stress increments in front of the crack tip are thus reduced. Furthermore, the new model has been 
modified by inserting one dead cycle after each active cycle. An overload cycle is always modelled 
as a dead one. 

The FEM crack growth model has been significantly improved by applying the changes de
scribed. This is obvious from Fig.3 where the theoretically and experimentally evaluated crack 
growth rates after a single overload are shown. The theoretical crack rate is computed from energy 
dissipated in front of the crack tip in dead cycles [2]. The new model with kinematic hardening 
offers a better prediction of experimentally determined crack retardation after overload. 
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A single overload induces a temporary fatigue crack growth retardation. This effect has been 
explained by FEM analysis of crack tip elastoplastic deformation in [l]-[3]. The positive effect of 
overload can be further increased by periodically inserting overload cycle after a certain number 
of base load cycles. The results of FEM analysis of fatigue crack behaviour under such loading 
regime are briefly described in this paper. 

A thin rectangular plate with edge fatigue crack according to Fig. la was modelled, Two over
load cycles were inserted into repeated tensile loading of the specimen (Fig. lb). The elementary 
crack advance per cycle in the FEM model is inevitably much longer than in the real conditions. 
The crack growth of 0,14 mm between two overloads, which was modelled in 0 cycles, corresponds 
in fact to 2000 cycles of base loading. The computed crack tip deformation mechanics is shown 
in Fig. lc-e. At this moment, the crack tip is at a distance of 0.14 mm from the point of the 
application of the second overload. 

It can be seen from Fig. Id that the residual plastic deformations left on the crack faces by the 
second overload are much smaller than those left by the former. This means that the effect of an 
overload cycle is generally influenced by the existence of the previous overloads. The interaction 
consists in the affection of crack opening stress as well as in the superposition of the overload 
crack tip stresses and existing residual compressive stresses in front of the crack. After the second 
overload the crack decelerates and the retardation is very intensive. This is due to the fact that the 
crack closing is determined not only by the small residual deformations on the crack face induced 
by the second overload but also by the residual deformations from the first overload (Fig. lc-e for 
closed crack). 

The conclusions presented were confirmed by another FEM analysis in which 11 overload cycles, 
applied after short and equal intervals of base loading, were modelled. The higher the number of 
overload cycles, the longer the closed part of crack faces upon unloading. Crack face deformations 
induced by all previous overloads take part in crack closing. Moreover, the intermittent overloads 
unceasingly restore the large field of residual compressive stresses in front of the growing crack and 
the cyclic plastic strain range immediately ahead of the crack tip decreases. This corresponds to 
the experimentally observed low average growth rate under intermittent overloading. 

The results of the FEM analysis suggest that the effective stress intensity factor range need not 
be a universal criterion for theoretical crack growth rate estimation under non-stationary cyclic 
loading. The compressive residual stresses are also of great importance for fatigue crack growth 
rate. 
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The research investigation followed two main aims: 

• specificiition of the characteristic peculiarities of X-ray stress measurements performed on 
ceramic materials, 

• X-ray analysis of the residual lattice microstrains which are present in ceramic powders before 
their sintering. 

X-ray stress analysis is based on the determination of elastic lattice strains in crystallites. The 
residual stress can be calculated from lattice strain by applying the theory of elasticity. It is 
expedient to differentiate between type-I and II residual stresses in polycrystalline materials. 

Type-I stresses arise as a result of deformation incompatibilities between major parts of compo
nents. They show extensive homogeneity in large parts of volumes and exhibit a state of equilibrium 
throughout the whole volume. 

Typc-II stresses arc attributable to deformation incompatibilities between individual crystallites 
in polycrystallino materials. Their approximate homogeneity is confined to individual crystallites. 
In multiphase materials various typc-II residual stresses may develop in the various phases. 

Some characteristic peculiarities of X-ray stress measurements performed on ceramic materials 
arise as a result of these facts: 

• A low level of crystal symmetry; most ceramic materials do not show a cubic structure. 
X-rays produce diffraction spectra with a large number of individual diffraction profiles. 

• Elastic anisotropy of crystallites. 
• High value of the X-ray penetration depth into the ceramics. The principles and characteristic 

pecularitics of X-ray stress determination was discussed in detail by the authors in [1], [2], 
И, W • 

Ceramic parts are always manufactured by sintering. It is important to know the residual 
microstrains (or microstresses) which are present in ceramic powders before their sintering. Mi-
crostress (type-II stress) can be calculated from the breadth В of the diffraction line. This quantity 
is interpreted as the superposition of the instrumental breadth 6 and the physical breadth /3. Phys
ical breadth is due to crystallite size effect (/?e) and type-II residual stress (/3,). 

Our first investigation in this field concentrated on a measurement of residual microstrains in 
Si-powder due to pulverization of Si-crystals by means of WC-miliing bodies. The results are 
summarized in Tab. 1. 

Used experimental conditions: ň-goniometer, CoKa-radiation, {220} and {440} diffraction 
lines. 
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SAMPLE 

MILLING TIME 

£.105 

Al 

10' 

4.7 

J.2 

20' 

21.3 

A3 

30' 

14.6 

A4 

60' 

65.5 

A5 

120' 

91.3 

Tab. 1: Samples investigated and microstrains £ determined from the breadths of diffraction lines 

Conclusions: 

• Lattice microstrains £ increase with time of milling. 

• The crystallite-size effect (Д.) is comparable with the type II-residual stress-effect (/?,) for 
the samples Al, A2 and A3. 

References : 

[1] KRAUS, I. - GANEV, N.: Diffraction Residual Stress Analysis of Engineering Ceramics, 
Proc. of the 30th Int. Conf. on Experimental Stress Analysis, Prague, June 2. - 5. 1992,165 - 168 

[2] KRAUS, I. - GANEV, N.: Rentgenová tenzometrie keramických materiálů, sborník Kolokvi
um "Reálná struktura látek", Krystalografická společnost ČSAV, Olomouc 18. - 23.5.1992, 117 -
121 

[3] KRAUS, I.: Aplikace rentgenové tenzometrie na keramické materiály, Ceramics - Silikáty, 
1992, 36, č.4 

[4] KRAUS, I, - GANEV, N.: Konstrukční keramika - nová oblast aplikaci difrakčnitenzometrie, 
CONMET BULLETIN 2/92 

[5] GANEV, N. - KRAUS, I.: X-ray Stress Analysis in Engineering Ceramics, Proc. of the 2nd 

Int. Conf. "Engineering Ceramics '92", Smolenice, October 18 - 22, 1992, to be published 

This research has been conducted at the Department of Solid State Engineering as a part of the 
research project "Structure analysis on workhardened surfaces of advanced ceramics" and has been 
supported by CTU grant No. 8102. 

206 



CTU PRAGUE WORKSHOP 93 - MATERIAL ENGINEERING 

QUANTITATIVE TEXTURE ANALYSIS OF 
ORIENTED TRANSFORMER SHEETS 

M. Dlouhá, S. Vratislav, M. Merta 

CTU, Faculty of Nuclear Sciences and Physical Engineering 
Department of Solid State Engineering, Břehová 7,115 19 Praha l 

Key words: neutron diffraction, quantitaive texture analysis, orientation distribution function, 
volume fraction, Fe-3 

Texture measurements and the technological application of textured materials may by classified 
into three main groups. The anisotropy of a material allows the adaptation of the property profile 
of the material to the application profile in the work piece under actual service conditions. Texture 
tailoring i.e. the development of a technological production schedule which results in a texture 
with the desired properties is one of the most important problems in the field of textures. On
line texture measurements directly in the production line have recently been made possible. And 
finally, texture measurements arc needed as a prerequisite to other measurements such as, for 
example, X-ray stress analysis. 

One of the most known examples of the adaptation of the property profile to the application 
profile in a work piece are magnetic steels (e.g. Fe-Si) used in transformer cores. The application 
profile in this case is defined by the direction of the magnetic flux running mainly in two mutually 
perpendicular directions defined by the directions of the two arms of the transformer core, It 
means that the cube texture and the Goss-texture have the best property profile. Application 
profile and property profile must be correctly adapted to each other in order to optimize the 
properties of the final product. Therefore, if the complete orientation distribution of crystallinity 
grains is known, then the anisotropy of some properties (i.e. magnctocrystallinc energy, torque 
magnetic moment, core loss) can be determined through the rolling plane. Quantitative texture 
analysis (three-dimensional distribution function - ODF) in connection with neutron diffraction [1] 
is extensively used in this research field. 

The high penetration of neutrons through the majority of materials is the main advantage for 
neutron texture measurements. Therefore, neutron diffraction appears to be advantageous for 
examination of the textures of coarse-grained materials like oriented transformer sheets (OTS). 

Our laboratory developed and tested experimental and calculation methods for quantitative 
texture analysis on the basis of ODF combined with the diffraction of thermal neutrons. The 
set of experimental and calculation methods TODFND (the cubic symmetry of the crystals and 
orthorhombic symmetry of the specimen) [2] included these parts: 

• The texture experiments were carried out in the KSN-2 diffractometer which is equipped with 
a TG-1 texture goniometer [3]. The experimental data were measured in transmission and 
reflection arrangement. The measured data are corrected, normalized and the experimental 
pole figures are calculated. 

• The determined pole figures are used to calculate the coefficients of expansion C(/i,7,/) for 
expanding ODF into a number of generalized spherical functions. ODF leaves the programs 
set in the form of sections through the Euler space either for Ф) or Ф2 = const (in 5° steps) and 
ODF can also be depicted graphically in the individual sections. AU texture characteristics 
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specimen 

591 
691 
9 

core loss 
/W/kg/ 

1.347 • 
1.323 
1.339 

f(g) 
(011)/100/ (001)/100/ 

39.5 
G4.0 
16.1 

36.3 
0.2 
0.4 

J 

174.4 
187.5 
171.8 

f/%/ 
(011)/100/ 

47.8 
46.2 
50.2 

Tab. 1: Texture parameters of OTS materials 

can be obtained from these TODFND-codes: pole figures, inverse pole figures, ODF (/(ff) 
values in the 5° steps), parameters of the ideal orientations (HKL)/uvw/, texture index J, 
volume fraction coefficient /. 

We have examined over twenty specimens, which were prepared by the Sheet Rolling plant and 
all texture characteristics mentioned above were determined. As the list of our results is very 
large the selected texture characteristics of only three specimens are given in Tab. 1. On the 
basis of these texture parameters we could analyse the correlation between the final texture and 
the technological treatment of the measured specimens. The preparation of our investigations for 
publication is in progress. 
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Mercurous chloride HgjClj single crystals, known under the mineralogical name calomel, exhib
it a wide range of optical transmission up to 20 /im, a high value of birefringence, and extremely 
high values for acousto-optic figures of merit. However, if calomel is irradiated at room temper
ature (RT) with ultraviolet (UV) light it decomposes into Hg &v\ HgCl2. The products of this 
photodecomposition exhibit in near infra-red (NIR) spectral region photoluminescence [1]. The 
origin of the observed luminescent bands has not yet successfully been explained. 

The aim of this work was to study the formation of the luminescent centres responsible for 
the NIR emission and to gain more information about the properties and behaviours of these 
luminescence centres to make it possible to elucidate the origin of NIR emission bands. 

For this reason we studied the emission and excitation spectra of Hg2Cl2 photoluminescence on 
virgin samples and samples exposed to the UV light and to X-rays at RT, 

1.2 i r — i • г 1 1 1 r 

260 280 300 320 340 360 380 400 420 
Wavelength (nm) 

Fig. 1: Excitation spectra of HgjClj at 82 К for emission observed at 1000 nm and excited: 
(1) preferentially from the crystal surface layers of virgin sample, (2) preferentially from the crystal 
surface layers of the sample exposed to the UV light, (3) from the bulk exposed to UV light, and 
(4) preferentially from the crystal surface layers of the sample exposed to X-rays. Spectra are 
normalized to the luminescence intensity value observed at 300 nm excitation. 
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Fig. 2: Normalized emission spectra of IlgjCb at 82 К for 370 nm excitation. The meaning of a 
denotation of curves is the same as in Fig. I. 

The excitation and emission spectra of IlgjCb at 82 К are shown in Fig. 1 and Fig. 2, 
respectively. Depending on the excitation wavelength and irradiation of crystals three groups of 
emission bands in NIR region were found. These emissions arc peaked at 803-r817 nm, 860-МНИ) nm 
and 1200 nm. 

From performed measurements it can be concluded that defect centres in llg&h crystals could 
be originated from complexes formed by mercury and chlorine ions also involving vacancies as the 
measurement of Hg2Cl2 photosensitivity shown [2] that the photosensitivity decreases with the 
higher quality and purity of this material. For some NIR emission band could be responsible also 
other impurities such as iodine which is often responsible for the red luminescence of crystals and 
which could form the centres I J . However, the analysis of crystals on the concentration of iodine 
was not made and it is planned as the next step in this work. 
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One of the trends in current materials research is the research of the force effects of gravity on the 

crystallization of metals. Studies into the mechanism of flow are rather difficult in non-transparent 
metallic liquids, inasmuch as the application of optical techniques is precluded. The technique 
which is most frequently used for this purpose is the measurement of temperature gradients and 
temperature fluctuations. 

An important factor affecting the growth of a crystal from the melt is the buoyancy convection 
caused by temperature and concentration gradients (1,2]. The intensity of the development of 
buoyancy convection depends on the physical properties of the melt, the ampoule used, the tem
perature gradient along the specimen and the orientation of the specimen in this field of gravity. 
In addition, the buoyancy convection significantly depends on the size and shape of the ampoule. 
For cylindrical ampouless the ratio of the ampoule hight h to its diameter d is a decisive factor. 
Ratio h/d is called the characteristic specimen ratio. The ampoule shape is significantly affected 
by the insert. 

Al-Zn, Pb-Sn, Al-Gc and In-Sb eutcctic systems have been used for the experiments. The 
Bridgman-Stockbargcr arrangement of the experiment was used. The specimens were enclosed 
in cylindrical graphite ampoules (inner diameter 11, 18, 22 mm) with corundum insert (outer 
diameter 1.7; 3; 5 mm) located in the axis of the ampoule. The temperature was measured with 
NiCr-Ni jacketed thermocouples (1 mm and/or 0.5 mm diameter). The apparatus rotated around 
its horizontal axis; thus the angle a contained by the temperature gradient vector in the specimen 
G and the gravity vector g could be changed. 

Measurements in fully molten specimens show that the insert in the ampoule has considerable 
influence on the convective flow in the specimen in dependence on angle . In identical experimental 
conditions the insert decreases the temperature gradient in the melt. The insert serves as a 
passive agitator which increases the transfer of heat and mass in the specimen. It was found that 
maximum convection existing for values of a is between 45° and 60°. With an increasing volume 
of the corundum capillary insert the angle of maximum convection shifts towards a minimum 
value a = 45°. With increasing values of average temperature gradient G, the angle of maximum 
convection shifts towards higher values. Maximum average temperature gradient is achieved as 
assumed for angle a — 180°, when steady state without convection is established in the specimen 
(cold end down, warm end up) and the temperature gradient is formed only in dependence on the 
total conductivity of the specimen. From the measurements it follows, that an agitated turbulent 
convection appears for angles a between 45° and 60° [3]. 

Various types of convection have been studied in a molten Al-Zn and Pb-Sn eutectics. The 
amplitudes and for periodic convection also frequencies of temperature fluctuations have been de
termined. The amplitudes of temperature fluctuations in the melt do not give explicit information 
on the total effective intensity of convection, but only on the level of the instability of convection, 
i.e. on the change of the course of flow paths in the specimen. Hence, the fluctuation frequency 
expresses the rate of the change of the course of the flow paths [4]. 

Critical values of the Rayleigh number characteristic for periodic and turbulent flow were cal-
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culated for an Al-Zn eutectic melt. This dependence can serve as a forecast of convection intensity 
under similar experimental conditions for also other metalir. systems with a low Prandtl number 
Pr « 0.01. It can be used for the control of process parameters in the Bridgman - Stockbarger 
apparatus in order to achieve required structures which are determined by convection type and 
intensity. 

Very good created crystals with large lamellas growing under small solidification velocities 
(= 1 /im/s) showed lower unidircctionality (greater departure from the direction of growth) in 
comparison with bigger amounts of smaller crystals containing finer lamellas, that have been 
created under greater velocity of crystallization. 

The dilatation measurements confirmed the anisotropy of the linear thermal expansion of direc-
tionally solidified samples of Al-Zn eutectic. It was found that dilatometry is a suitable method for 
the determination of the level of unidirectionality of the eutectic lamelar structure in dependence 
on the process parameters; in this case on crystallization velocity [5]. 
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Particulate composites are relatively available and economical composite materials. Aluminium-
base matrices combined with AI2O3S1C can form composites with high tensile properties [1] and 
low specific densities. 

Powder metallurgy [2,3] avoids problems connected with the difficult preparation of these ma
terials by foundry techniques mainly from the viewpoint of the limited wetting of the ceramic 
fraction [4] and the segregation of the particles in the melt. 

The present paper is aimed at the development of aluminium-base materials with high resistance 
to abrasive wear. 

Composite specimens (d = 10 mm, v = 10-12 mm) of AISi alloys with 0 -40 % of reinforcing 
aditions of SiC particles (50% below 5 /лп, 100% below 14 /im) a - Al203(52% below 5 pm, 100% 
below 15 /ini) and a - АЬОз(арргох. 3 /im) have been prepared by unidirectional hot pressing 
(500 MPa, 15 minutes). 

Powder matrices have been prepared by the milling of the as-cast alloy. 
The chemical composition of the matrix powders with grain sizes below 45 fim and the pressing 

temperatures are given in Table I. 
The powder mixtures were mechanically mixed for 5 minutes in a vibration milling mixer. 

Mctallographic analysis has revealed in the matrix a very uniform distribution of the reinforcing 
phase. 

Figs. 1 and 2 compare the hardness IIВ and the relative wear of matrices with 0 - 4 0 wt.% of 
SiC additions. Relative wear w„i has been determined as the volume loss of the tested specimen 
on grit 120 grinding paper (test path 46.15 m, contact pressure 0.029 MPa) related to the volume 
loss of the reference material - ČSN 12020 steel (66 HRB, wnl= 1) calculated from the relation: 

w„\ = (Amv t . Qel)/(Amet. gn) , 

Д m - mass loss [g] g - density [g.cm-3] 
The effect of the individual additions on the hardness of the composites with an Ml matrix is 

given in Fig. 3. It can be seen that the maximum hardness has been achieved in the composite 
with finely precipitated АЬ0з(3 /im), indicated as AI2O3 - [2]. 
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Table I - Matrix composition and pressing temperature 

Matrix 

Ml 
M2 
M3 
M4 

Chemical composition 

AlSi20Ni2Cul3Mn2TiO, 5Fel,5 
AiSi20NilOCu5 
A1SÍ20NÍ10 
AlSi25NilOCulOFe5 

Pressing temperature 

540°C 
530°O 
545°C 
500°C 

Lowest abrasive wear has been found in spacimens with SiC additions (Fig. 4). 
Л 93% wear reduction has been achieved in specimens with 30 wt.% SiC compared with the 

pressed matrix Ml for specimens with a liardncss of 370 IIВ and 0.20-400 =11.10" eK _ 1 . A two 
times higher relative wear resistance has been achieved compared with the CSN 14109 bearing 
steel heat treated to hardness of Gl HRC, wre| = 0.23. 

Measurements have demonstrated that there is no direct relation between the hardness of the 
specimen and it's abrasive wear resistance. 
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