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VYUZITIE PSEUDO-STOCHASTICKEHO MODELU TERENU PRE
SIMULACIU VIBRACIi A OTRASOV CESTNYCH DOPRAVNYCH

PROSTRIEDKOV

UTILIZATION OF A PSEUDO-STOCHASTIC MODEL OF TERRAIN IN SIMULATION
OF VIBRATIONS AND SNUBBING IN ROAD MEANS OF TRANSPORT

Physical and geometrical properties of environment lead to mat-
hematical models of terrain - vehicle relationship. The basic idea of
the presented approach is to construct a two - dimensional funnction,
whose three - dimensional graph has properties similar to the terrain
to be modeled. The idea of the paper is expected to be used in simu-
lation of phenomena connectedwith impacts of vibrations and snub-
bing to humans as well as on technological factors.
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1. Uvod

Cestujuci v dopravnych prostriedkoch su vystavovani vibra-
ciam a otrasom, ktoré roznym spdsobom mozu ovplyviiovat ich
zdravotny stav. Zalezi pri tom na spdsobe prenosu vibracii na
[udsky organizmus a na fyzikalnych vlastnostiach vibracii. Pdsobe-
nim vibracii na vodi¢a dochadza unho k tnave, ktora ovplyviuje
jeho vykon a reakéné schopnosti, Co zvysuje taktieZ nebezpecie
vzniku dopravnych nehdd. Pre zmenSenie ucinkov vibracii doprav-
nej techniky na Cloveka a zaroven na spatné namahanie vozovky
je potrebné analyzovat dynamické sily medzi kolesami vozidla
a povrchom vozovky resp. terénu.

Vécsina mechanickych konstrukcii a v ich ramci i motorové
vozidla su v prevadzke vystavené dynamickym ucinkom, ktoré su
sposobené predovSetkym nerovnostami povrchu vozovky resp.
nerovnostami povrchu terénu. Analyza uvedenych dynamickych
ucinkov ma svoje vazne opodstatnenie, pretoze vyznamne ovplyv-
nuju najdolezitejSie prevadzkové a konstrukéné vlastnosti motoro-
vych vozidiel. PretozZe ku kmitaniu dochadza predovsetkym vplyvom
nerovnosti vozovky, resp. terénu, musime v prvom rade matema-
ticky popisat tieto nerovnosti [1].

Do suboru kvantitativnych vyjadreni najvyznamnejsich fakto-
rov prevadzky motorovych vozidiel patri matematicky model profilu
terénu. Vzhladom na to, Ze sa automobil pohybuje po nerovnos-
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1. Introduction

Passengers in road means of transport are exposed to vibra-
tions and snubbing, which can affect their health conditions in
various ways. The process of affection depends on a transmission
mode of vibrations to the human organism and on their physical
properties. Due to the effect of vibrations the driver is faced to
fatigue which is followed by his performance of driving skill and
reaction abilities. As a consequence a risk of road accident is
increased. In order to depress the road transport means vibration
effects to the human as well as to the to the road endurance, it is
necessary to analyze the dynamic forces between vehicle wheels
and a roadway surface or terrain.

The most of mechanical constructions are exposed to dynam-
ical impacts during a process of their running. In case of motorcars
those impacts are caused by roadway or terrain undulations. The
above-mentioned dynamical effects essentially affect the most impor-
tant operating and construction properties of road means of trans-
port; hence an analysis of them is well founded. Because sources
of vibrations are mainly the roadway or terrain undulations, it is
necessary, first of all, to describe them mathematically [1].

A mathematical model of a shape of terrain belongs to the basic
set of theoretical tools connected to the study of motorcars oper-
ation. As the vehicle is moving on the roadway or terrain having
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tiach, ktoré maji nahodny charakter, je potrebné aplikovat sto-
chastické pristupy k urcovaniu profilu povrchu vozovky pripadne
terénu. V prispevku je dokumentovany postup vytvorenia pseudo-
stochastického modelu profilu terénu, ktory je vyuZzitelny pre ope-
rativnu simulaciu interakcie vozidla s povrchom vozovky, resp.
terénu.

2. Sucasné pristupy k matematickému popisu
profilu terénu

V sucasnosti existuje niekol’ko metdd pre vytvorenie matema-
tického modelu jazdnej drahy pre motorové vozidla [3]. Jednou
z Casto preferovanych metod je zjednodusena metoda popisu terénu
v smere jazdy vozidla a vo zvislej rovine. Zjednodusenie popisu
profilu terénu spociva v predpoklade, Ze pri prekonavani nerov-
nosti ploiného a dizkového charakteru je ich profil v priecnom
smere rovnaky a bez markantnych zmien. Pre popis profilu terénu
sa pouZziva ur€ité ,vyhladenie terénu®, ktoré spociva v:

« Popise profilu pomocou uzlovych bodov so suradnicami (x;, y;).

« Nahradeni profilu terénu medzi uzlovymi bodmi bud interpo-
laénou funkciou prechadzajiucou uzlovymi bodmi, alebo apro-
ximacnou funkciou, ziskanou z uzlovych bodov. Takto ziskany
matematicky popis profilu terénu je ukazany na obrazku 2.1.

¥ nzdy gl

2.1. Nahradenie profilu '
terénu linearnou
interpolaciou

Ciastkové useky tak, aby v kaz-
dom boli dva uzlové body,
jeden na zaCiatku a druhy na [
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random characteristics, it is necessary to apply stochastic-oriented
approaches and methods. The aim of the paper is to present one
of the possible approaches of pseudo-stochastic model of terrain.
It can be used in process of vehicle-terrain or vehicle-roadway
interaction simulation.

2. Contemporary approaches in mathematical
description of profile of terrain

In the present time there exist several methods of setting up

a mathematical model of motor-car roads [3]. One of them, quite
often used, is a simplified method of terrain description in which
a vehicle is moved in a vertical plane belonging to the trajectory
of movement. This construction is based on an assumption that
transverse balances caused by vehicle movement, connected to the
undulations overrunning, are constant and without notable varia-
tions. Moreover, the profile of terrain is ‘smoothed’. The nature of
this smoothing lies in:
« Description of terrain using nodal points having coordinates

(x;5 ¥
« The real terrain behavior between each two neighbor nodal

points is replaced by an interpolation function identical with

terrain in nodal points, or profile of terrain is replaced by an
approximation function driven from the
nodal points. The above-mentioned
mathematical description of terrain
profile is shown in figure 2.1.

2.1. Replacement a terrain profile
using linear interpolation

A profile of terrain is divided into

konci useku. Priebeh terénu
medzi uzlovymi bodmi je na-
hradeny useckou, ktora uzlové
body spaja. Pri vhodne zvole-
nych vzdialenostiach medzi uzlovymi bodmi vzhladom na skutoc-
ny profil terénu je mozné dosiahnut minimalne rozdiely medzi
skutocnym a vypocitanym profilom.

2.2. Nahradenie profilu terénu kvadratickou
interpolaciou

Priebeh terénu medzi tromi uzlovymi bodmi kazdého Ciastko-
vého useku je nahradzovany kruznicou, ktora prechadza vsetkymi
uzlovymi bodmi. Po vypo¢itani suradnic [ubovol'ného bodu kruz-
nice je potrebné matematicky urcit, ktora cast kruznice bude vyuzi-
tel'na. V pripade Clenitého terénu dochadza k velkym rozdielom
medzi skutoénym a nahradenym profilom terénu v oblastiach
nahlych zmien skutoéného profilu. Tento nedostatok sa da zmier-
nif vhodnou vol'bou uzlovych bodov. Interpola¢nou krivkou moze
byt kvadraticka parabola. Pri pouziti paraboly vo v§eobecnej polohe
by bolo potrebné vykonat transformaciu suradnic pre kazdu para-

Obr. 2.1 Matematicky popis profilu terénu
Fig. 2.1 Mathematical description of terrain profile

¥ partial segments, each of them contains
two nodal points. The real course of
terrain is replaced by abscissa connect-
ing the neighbor nodal points. If the dis-
tances between the nodal points are appropriately chosen, then it
is possible to obtain a sufficiently small difference between a real
and a modeled terrain behavior.

2.2. Replacement a terrain profile using quadratic
interpolation

A profile of terrain is divided into partial segments, each of
them contains three nodal points. A real course that corresponds
to three neighbor nodal points is replaced by a circle going through
them. In case of very rangy terrain a large difference between reality
and its interpolation is obtained. The situation in areas of abrupt
terrain changes is especially unfavorable. This drawback is possible
to reduce by choosing suitable nodal points. Instead of circle a par-
abolic interpolation can be used. From a general point of view, such
interpolation depends on the coordinate system. Use of parabolas
whose axes are, e.g. parallel to the axis x, (the meaning of the axes
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bolu. Pri pouZiti paraboly s osou rovnobeznou s osou ,.x“ suradného
systému dochadza k znacnym rozdielom (odchylkam) oproti profilu
skuto¢ného terénu. Z tohto dévodu sa pouZziva ako interpolacna
krivka parabola s osou rovnobeznou s osou ,,y* siradného systému.
Interpolacia profilu terénu pomocou ostatnych kuzeloseciek, t. j.
elipsou, pripadne hyperbolou sa ukazala ako nevhodna. Dévodom
je skutocnost, Ze pre nahradenie skuto¢ného profilu terénu elipsou
alebo hyperbolou je potrebné uvazovat minimalne so 4 uzlovymi
bodmi terénu. Tieto body vSak nemusia vzdy vyhovovat rovnici
elipsy ¢i hyperboly. Praktické skusenosti potvrdzuju, Ze nahrade-
nie profilu terénu pomocou kruznic je najmenej vhodné. Interpo-
lacia parabolami je vhodna pre useky s pravidelne sa opakujucim
profilom.

2.3. Nahradenie profilu terénu Lagrangeovym
a Newtonovym polynomom

Profil terénu sa rozdeli na Ciastkové useky tak, aby v kazdom
bolo ,,n—2“ uzlovych bodov, kde ,,n“ je pouZity stupen polynomu.
Profil terénu medzi uzlovymi bodmi v ¢iastkovom tuseku je nahra-
deny Lagrangeovym polynomom stupna ,»z“, ktory v uzlovych
bodoch nadobuda zadané hodnoty. Medze tseku sa volia mimo
prvy a posledny uzlovy bod preto, aby bola zabezpecena nadvéiznost
vypocitaného profilu Ciastkovych usekov. Lagrangeov polyném ma
tvar:

P =2 YB(X),
k=0

kde:
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x and y is the same as in fig. 2.1.) the result is not sufficiently sat-
isfying. The approach in which the parabolas, whose axes are par-
allel to the axis y gives better results. The interpolation based on
the use of other quadratic curves (ellipse or hyperbola) has shown
to be unsuitable. The main reason for this statement is the fact
that we should work with four neighbor nodal points which cor-
respond to one segment. The chosen one requires to satisfy a rela-
tively complicated condition - there exists a quadratic curve passing
through them. With respect to practical experience it is possible
to say that even an interpolation based on the use of circles is not
an acceptable one. Concerning the parabolas, the method is rela-
tively acceptable when a part of the terrain profile is regularly
repeated.

2.3. Replacement a terrain profile using Lagrange
and Newtonian polynomial

Terrain profile is divided into segments, each of them contains
n—2 nodal points. Integer number n is a degree of a polynomial
to be used. A behavior of terrain on each single segment is replaced
by Lagrange polynomial passing through corresponding nodal
points. In order to assure the join between neighbor segments, the
borders of each segment are chosen out of a first and last nodal
point. The form of a Lagrange polynomial is the following:

2.1 P,X) =D Y B.(X), (2.1)
k=0
where:
X = X)X = X)) o. X = X DX = X)) o (X = X) 2

KA A A S

Okrem Lagrangeovho polynomu sa nahradzuje profil terénu
Newtonovym polynémom. Poéet uzlovych bodov sa voli ,,n—2 pre
kazdy Ciastkovy usek profilu. Pritom prvy bod, ktorym byva pre-
kladany interpolacny polynom lezi na zaciatku useku, ,,n—2“ bod
leZi na konci useku.

Polynom je prekladany ,,»* bodmi a ,n* je suCasne stupen poly-
nomu. Newtonov polyndm pre interpolaciu v Ciastkovych tsekoch
s ekvidistanénymi hodnotami ma tvar:

A2y

Ay, 1
S, =7, + T(X_Xl) T XXX - X))+ L+

20

kde A¥y, je mozné vieobecne definovat diferencie vztahom:

Ny =7, - (’f) Yo, + (’2‘) Yooy — .. +(=DFY, 24

v ktorom:

K\ k!
(1’) ik — i)

Interpolacie Lagrangeovym polyndmom a Newtonovym polyno-
mom sa uspesne pouZivaju pre Useky terénu s plynulymi zmenami.
Taktiez je uspesné ich pouzitie v isekoch s pravidelne sa opakuju-
cim profilom. Ale pre useky s nahlymi zmenami ako napr. zlomy

(2.5)

(Xk - Xk—l)(Xk - Xk+1) (Xk - Xn)

Besides the Lagrange polynomial replacement of profile of
terrain, the replacement using Newtonian polynomial of the n-th
degree is used. For each segment n—2 equidistantly spread nodal
points are used. The first nodal point is placed at the beginning of
a segment and an (n—2)-th one at the end of segment. The form of
Newtonian interpolation polynomial for equidistant values in each
single segment is as follows:

Ay,
nlh"

X = X)X —X) . X=X, ), (2.3)

where A* », difference is possible to define the used general formula

Ay, =7, - (’1‘) Yoo, + ('2‘) Yooy — ...+ (=DFY, 24

in which

K\ k!
(i) oMk -0

The expressions i, k! represent combinatorial numbers.

Interpolations realized by means of Lagrange and Newtonian
interpolations are successfully applicable especially in situations
when terrain waves are smoothly changing or when a shape of

(2.5)
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a pod., nie je vhodné aplikovat inter-
polacie Lagrangeovym resp. Newto-
novym polynémami. Interpolacia
Newtonovym polynomom sa i cez
pozadované ekvidiStantné rozlozenie
uzlovych bodov ukazuje ako jedna
Z najCastejSie pouzivanych metod
interpolacie profilu terénu.

2.4. Nahradenie profilu terénu nelinearnou
aproximaciou

Vychodiskovymi udajmi pre vypocet su zadané stradnice uzlo-
vych bodov profilu terénu. Usek terénu je rozdeleny na Giastkové
useky tak, aby v kazdom bolo ,n—2" uzlovych bodov, kde ,n“ je
pocet uzlovych bodov pre vypocet aproximacnej funkcie. Profil
terénu medzi uzlovymi bodmi je nahradeny aproximac¢nou funk-
ciou tak, aby sucet stvorcov odchylok od uzlovych bodov bol mini-
malny. Ako aproximujica funkcia sa pouZziva algebraicky polynom
L-t€ho” stupna v tvare [2]:

P.(x)=ay+ax' +..+ax".

”

(2.6)

Koeficienty a,, a,, ... a, sa vypo€itavaju obvyklym sposobom
zo sustavy rovnic. Medze usekov st volené mimo prvy a posledny
preto, aby bola zabezpecena nadvaznost vypocitaného profilu Ciast-
kovych usekov. Pri nelinearnej aproximacii metodou najmensich
Stvorcov rozptyl a priemerna odchylka byvaji pomerne malé.
Z tohto je zrejmé, Ze i ked je zachovany celkovy charakter terénu,
tento sposob aproximacie dava taktiez iba priblizné hodnoty.

3. Pseudostochasticky model terénu

Dal§i mozny pristup je zaloZeny na analyticky definovanej
funkcii. Zakladnou myslienkou je konstrukcia takej funkcie dvoch
premennych z = f(x, y), ktorej graf ma vlastnosti podobné vlast-
nostiam modelovaného terénu. Takato funkcia moze byt vytvorena
ako linearna kombinacia (superpozicia) ,Strukturalnych® zloziek,
ktoré reprezentuju jednotlivé druhy Clenitosti terénu (terénne viny,
nerovnosti vozovky, drsnost povrchu s ktorym je vozidlo v kon-
takte a pod.). Kvantitativnou mierou vahy jednotlivych zloziek su
hodnoty koeficientov tejto linearnej kombinacie. Z charakteru
modelu je zrejmé, Ze staci uvazovat len linearne kombinacie s klad-
nymi koeficientmi. Modelova funkcia f(x, y) ma teda tvar

N

e 9) = apfix. ).

k=1

(3.1)

Ak tvar grafu tejto funkcie ma zodpovedat modelu realnej situa-
cie, potom je zrejmé, Ze jednotlivé Strukturalne zlozky musia mat
diametralne odlisné dvojrozmerné spektra a hodnoty k nim zod-
povedajucich koeficientov linearnej kombinacie budu taktiez radovo
odlisné. Kvoli prehladnosti je vhodné postupnost funkcii f,(x, »),
f5(x, 1), ..., fy(x, y) volit od niZsich (pomaly sa meniace funkcie -
napr. terénne viny) spektier k vyssim. Je zrejmé, ze v takomto pripade
budu koeficienty ay, a, ... a,, tvorit rychlo klesajucu postupnost.

Obr. 2.2 Interpoldcia Newtonovym polynomom
Fig. 2.2 Interpolation by Newton polynomial
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terrain segments is periodically
repeated. The use of the above
mentioned methods is not suitable
in case of terrain having abrupt
changes, breaks, etc. For all that,

¥ they are ones of the most often
methods used in an analysis based
on a terrain interpolation.

2.4. Replacement a terrain profile using nonlinear
approximation

The input data used in analysis are coordinates of the terrain
nodal points. The whole range of terrain is divided into partial
segments, each of them contains (n—2) nodal points. An approxi-
mation function is driven from n points using the root mean square
method. It is chosen among the class of r-degree (r<<n) polyno-
mials [2]. Such polynomial can be expressed in a form

P(x)=ay+ax'+.. +ax (2.6)

The coefficients a, a,, ... a, are computed in a usual way
based on a solution the system of linear algebraic equations. Anal-
ogously to the preceding case, in order to assure the join between
the neighbor segments, the borders of each segment are chosen
out of a first and last nodal point.

3. Pseudo-stochastic model of terrain

Further possible approach is based on the analytically defined
function. The basic idea is to construct a two-dimensional function
z = f(x, y), whose three dimensional graph has properties similar
to the terrain to be modeled. Such a function can be created in the
form of a linear combination (superposition) of “structural” com-
ponents, which represent single types of ranginess of terrain (terrain
waves, undulation of the pavement, etc.) The quantitative measure
of importance of single components is proportional to the values
of coefficients of the above mentioned linear combination. Due to
the nature of model, it is easy to see that the positive coefficients
can be assumed. Hence, the model function f(x, y) is of the form

N

6 y) = apfilx,y)

k=1

3.1

As the shape of the graph of this function should correspond
to the model of a real situation it is evident that the two-dimen-
sional spectrums of single structural components have to be dia-
metrically different. Moreover, the corresponding coefficients of
a linear combination have to be different in order of magnitude.
For the analysis to be more transparent, it is suitable to order the
sequence of functions f(x, y), f5(x, y), ..., fy(x, ) having from
lower (the slowly changing functions - e.g. terrain waves) spec-
trums to the higher ones. Evidently, the sequence 4, a,, ... a,, of
coefficients will be rapidly decreasing.
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Z matematického hladiska spomenieme dva spésoby moznej
konstrukcie modelovej funkcie f(x, y).

V prvom pripade sa definuju jednotlivé zlozZky f,(x, »), f5(x, »),
... fy(x, ) individudlne. Tento pristup je pomerne naro¢ny, pretoZe
analyza musi vychadzat z podrobnej znalosti globalnej topologic-
kej Struktury konkrétneho modelovaného terénu.

Drubhy pristup je zaloZeny na zavedeni vhodnej zakladnej deter-
ministickej funkcie ¢(x, ) s dostatoéne stochastickym chovanim.
Jednotlivé zlozky f, (x, y) definujeme v tvare

S 1) = @A ), pricom 0 < A <A, <. < Ay,

0<p <y <. < py. (3.2)

Vhodnym prikladom je funkcia definovana nasledovne:

o(x, y) = cos(2co0s(0.111x)) + sin(3cos(0.201y)) + 0.5¢,(x, ) ay(x, ¥) + 0.1(e;(x, ¥) + a,(x, »))

kde:

a,(x, y) = 0.4cos(2sin x + 3sin y) + 0.5cos(0.5cos(7sin x + 3) + 0.49sin(3sin(5sin y)))

PREHLADY / REVIEWS

From the mathematical point of view let us notion two possi-
ble approaches of the model function f(x, y) construction.

In the first case the single components f;(x, »), f5(x, »), ...,
Jyv(x, p) are defined individually. This a little bit demanding approach
requires having a detailed information concerning the global topo-
logical structure of the specific modeled terrain.

The second approach is based on assuming the appropriate
fundamental deterministic function ¢(x, y) having sufficiently
pseudo-stochastic behavior. The single components are f,(x, »)
defined in the form

[ 9) = @A y,), Where 0 <A <A, <L < Ay,

0<py <y <..<puy. 3.2)
The following function is a suitable example:
3.3)
| where
(3.4)

a,(x, ) = 1.2sin(5sin x — 6sin y + cos x sin y) + 0.8sin(cos(5sin x cos 3y — cos(x + y)— 4)) + 0.1cos(x — y)

Pre simulaciu pohybu vozidla ma funkcia f(x, y) principialny
vyznam. Za ucelom nazornej demonstracie prezentovanej metody
bol s vyuzitim programovacieho jazyka Borland Pascal 7 spraco-
vany experimentalny program TERPOH4 pri pouziti nasledovnych
ramcovych geometrickych a technickych parametrov:

- Uvazované vozidlo je trojnapravové s dvoma skibenymi nezé-
vislymi plosinami.

- Rovina prednej resp. zadnej ploSiny je urcena strednou hodno-
tou okamzitej vysky strednych kolies a jednotlivymi vySkami
prednych resp. zadnych kolies.

- Vzdialenost medzi strednou a prednou napravou je zhodna so
vzdialenostou medzi strednou a zadnou napravou.

- Sirka a dizka vozidla su volitelné.

- Vozidlo sa pohybuje v rovine x, y po volitelnej priamke v ramci
volitelného rovinného vyseku s volitelnym ekvidi§tanénym kro-
kom.

- Modelom terénu je trojrozmerny graf f(x, y) funkcie vytvoreny
pomocou vysSie uvedene;j ilustraénej funkcie ¢(x, ) s paramet-
rom N = 2 a volite[nymi koeficientmi a,, a,.

- Program umoznuje ziskat orientacnu predstavu o tvare modelo-
vaného terénu znazornenim grafu funkcie f(x, y) pomocou
farebne odliSenych vrstevnic s volitelnym krokom.

- Naklonenie jednotlivych plosin je farebne odliSené a jeho dyna-
miku je mozno priebezne sledovat znazornenim koncovych
bodov ich jednotkovych normalovych vektorov so zaciatocnym
bodom v strede vozidla.

Experimentalne pocitaCové overenie prezentovanej metddy
ukazuje, Ze na nej zaloZena simulacia pohybu vykazuje dostatocne
stochastické chovanie. Zacyklenie vystupu alebo naznaky periodi-
city sa neobjavili ani pri mnohonasobne opakovanej simulacii pri

Importance of the function f(x, y) in vehicle simulation pur-
poses is the principal one. In order to demonstrate transparently
the described method, a special experimental computer program
in programming language Borland Pascal 7 developed. The follow-
ing frame geometric and technical parameters are used:

- A tree-axle vehicle with two independent joint platforms is
assumed.

- The front platform plane is determined by the mean value of
the height of central axle wheels and by the height of the front
axle wheels. The rear platform plane is determined in an ana-
logue way.

- Distances between central and front axles and central and rear
axles are the same.

- The width and length of vehicle are optional.

- The vehicle moves in the x, y plane along an optional straight line,
inside an optional plane segment. The scanning step is equidis-
tant.

- The model of the terrain is represented by a three-dimensional
graph of the function f(x, y) generated by means of the above
mentioned illustrative function ¢(x, y) having parameter and
optional coefficients a;, a,.

- In order to obtain an orientation vision about the shape of the
modeled terrain, the graph of the function f(x, y)can be imaged.
The color-distinguished contour lines with optional steps are used.

- The slope of the single platforms is color-distinguished. It is pos-
sible to observe their time dynamics by means of the end points
of the normal vectors. The original point of vectors is fixed to
the center of vehicle.

An experimental verification of the presented method demon-
strates that behavior of the corresponding simulation is sufficiently
stochastic. Cycling or periodicity indications did not occur after
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roznych pociato¢nych podmienkach. Treba vSak poznamenat, ze
experimenty boli realizované na stredne vykonnej vypoctovej tech-
nike. Pripadné vyssie uvedené simulac¢né artefakty je mozné teo-
reticky anulovat v fubovol'nej miere s vyuzitim metod ergodickej
teorie. V pripade pozitivneho ohlasu odbornej verejnosti, prezen-
tovany prispevok moze byt podnetom pre dalsi vyskum v oblasti
modelovania a simulécie.

4. Zaver

V sucasnosti sa uprednostiuju matematické modely terénu,
ktoré su zaloZené na analyticky definovanej funkcii a ktoré moézu
kombinovat sklon, druh a stav terénu resp. vozovky, t. j. nerov-
nosti mikroprofilu a makroprofilu povrchu terénu sucasne s kvali-
tou povrchu terénu. Takto spracovany model dobre vyhovuje
simulaciam dynamického namahania motorového vozidla za jazdy
a simulaciam namahania agregatov hnacieho mechanizmu vozidla.
Kvalitny matematicky model terénu resp. vozovky spoloc¢ne so
zakladnymi konstrukénymi vlastnostami motorového vozidla, vyko-
novymi parametrami a parametrami hospodarnosti vozidla potom
sluzia pre vypracovanie prevadzkového spektra zataZenia hlavnych
agregatov motorového vozidla. Prispevok dokumentuje postup pri
tvorbe pseudostochastického modelu terénu, ktory umozni opera-
tivne priblizit vysledky simulacii dynamického namahania k vysled-
kom realneho namahania v skutocnej prevadzke motorového
vozidla. Pre komplexné rieSenie vplyvu nerovnosti vozovky na
vibracie a otrasy dopravnych prostriedkov je potrebné doplnit
v prispevku popisovany matematicky model profilu terénu o rieSe-
nie otdzok Statistickych vlastnosti nerovnosti povrchu vozovky,
resp. terénu.
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multiple repeated simulations using various initial conditions.
However, it is necessary to notice that the experiments were exe-
cuted using a moderate-powerful computer. In case of necessity it
is theoretically possible to depress the above mentioned simulation
drawbacks under an arbitrary low level by application of ergodic
theory tools. If the presented contribution is positively accepted,
it can became a source of inspiration and further development in
the field of modeling and simulation

4. Conclusion

Nowadays, mathematical models based on analytically defined
functions are preferred. They allow describing various combina-
tions of geometric characteristics such as a slope, type and state of
terrain, undulation or microstructure of a road surface and many
other qualitative and quantitative parameters. The above mentioned
classical way of modeling is satisfactory for simulation of dynam-
ical strain of vehicle-construction during its drive operation and
for simulation of strain of its motive aggregates. The qualitative
mathematical model of terrain or roadway surface in conjunction
with a set of main technical characteristics of motorcar enables to
predict expectable operational properties and efficiency parame-
ters. Using stochastic approach presented in the paper it is possible
to take into account an incomparably wider spectrum of potential
terrain attributes and consequently gain a broad spectrum of results.
Due to the probabilistic nature of vibrations and snubbing it is the
only way how to simulate them. On the other hand, this approach
is a challenge for research oriented into the area of statistical prop-
erties of terrain and, from the theoretical point of view, the chal-
lenge for development of new methods of construction of special
mathematical structures having a priori expected probabilistic
behavior.
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