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Spojita veli Cina

e hodnota se nemeéni skokem
e spojita veliCina v pocitaci
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Spojita simulace

Formulace modelu:

e Diferencialni rovnice

e Schéma s integratory (blokove)
e Spojité simulacni jazyky

e SIMLIB

Pojmy:
e Bloky, Integratory
e Simulacni krok, integracni krok
e Modelovy Cas
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Uvodni p fiklad

Metoda snizivani fadu derivace. Nesmi byt derivace vstupu.
PocatecCni podminky.

v +y—3=0
y'=3-y
y'=/3-y

y=J/3—y
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Simula ¢ni model

#include "simlib.h"
class Ex1 {
public:

Ex1() : y1(3-y), y(y1) {};

Integrator y1, v;
b EX
void sample()

{

}
Sampler MS(sample, 0.001);

Int main()

{

Print("%g %g\n", Time, EX.y.Value());

SetOutput("exl.dta");
Init(0, 100);
Run();

Modelovani a simulace

_p6



Sampler - implementace

class MujSampler : public Process {
void Behavior() {

while (1) {
sample();
Wait(0.001);
}

%

class MujSampler2 : public Event {
void Behavior() {
sample();

Activate(Time + 0.001);
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Skript pro gnuplot

set term postscript (nebo png)
set output "exl.eps”

set title "Prvni ukazka"

set grid

set xlabel "cas [s]"

set ylabel "y [m]"

set key left

plot "exl.dta"
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Graf - po catecni podminky y1(100)
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Snizovani radu derivace

y®) + " — 8y +y+10=0
y(5) — _y/// _I_ 8y/ L y L 10

y @ = [(—y" + 8y —y— 10)dt
y“”) = [ [(—y" + 8y —y — 10)dt
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Snizovani radu derivace

class Mujsys {
/I cislo je pocet derivaci na vystupu integratoru
Integrator y4,y3,y2,yly;
Mujsys()
y4(-y3+8*yl-y-1),
y3(y4),
y2(y3),
y1(y2),
y(yl) {}
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Metoda postupné integrace

vhodna pro rovnice s derivacemi vstupl na pravé strané

a4

1. osamostatnit nejvyssi rad derivace

2. postupna integrace rovnice a
zavadeni novych stavovych promennych

3. vypocet novych pocatecnich podminek
Priklad: rovnice ¢ 4+ 2y +y = 2" + 32’ + 2z
Py + 2py +y = p*x + 3pr + 2z
p*y = p’x + p(3x — 2y) + (22 — y)
py = px + (3x — 2y) + %(23: —y), promeénna w; = %(237 —y)

y=x+ %(33: — 2y + w1), promenna wy = %(3:1: — 2y + w1)
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Metoda postupneé integrace - p riklad

vysledna soustava:
wy = %(233 )

wy = (3% — 2y + w)
Y=+ wy

X

w

ppl
1
p

ﬂ:r|~|1—c%
-2
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Eulerova metoda — princip

y(t +h)=y(t) +hf(t y(t))
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Eulerova metoda — implementace

double vyin[2], y[2] = { 1.0, 0.0 }
double time = 0, h = 0.001;

void update() { Il vypo Cet vstupi integratori
yin[0] = y[1]; Iy
yin[1] = -y[0]; INy”

}

void integrate_euler() { // krok integrace
update();

for (int i = 0; i < 2; i++)
ylil += h * yin[i];

time += h;
}
int main() {
while (time < 20) {
printf("%10f %10f\n", time, y[0)]);
integrate_euler();
}
return O;
}
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Rizeni spojité simulace

public SpojitaSimulace : public Process {

void Behavior() {
while (1) {
spocti_vstupy_integratoru();
udelej_integracni_krok();
Wait(STEP);
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Vicekrokové metody

e Adams-Bashforth:

h
Yn+1 = YUn + ﬂ(55fn — 59fn—1 + 37fn—2 — 9fn—3)

e Metody typu prediktor/korektor zpresnuji vysledek
Adams-Bashforth-Moulton:

h
Yn+1 = YUn + ﬂ(gfn—kl + 19fn — 5fn—1 + fn—2)

Poznamka: Problém startu metody — pouziti jednokrokove
metody.
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Van der Pol oscilator

Ukéazka nelinearniho systému.

"+ =a(l —x*)x
a je parametr
" =a(l —2%)2’ —x
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Sim. model

const double px1 = 0.1;
const double px = 2;

class

public:
vd() : a(l),

x1l(a*(1-x*x)*x1 - x, px1),
X(X1,px){};

vd {

Integrator x,x1;
Parameter a;
} Vd;

void sample()

{
}

Print("%g %g %g\n", Time,

Vd.x1.Value(), Vd.x.Value());
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Sim. model

Sampler MS(sample, 0.1);

Int main(int argc, char *argv[])
{
Vd.a = atof(argv[1]);
SetStep(0.001, 0.1);
SetOutput("vd.dta");
Init(0, 30);
Run();
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Vysledky

Van der Pol oscilator
6 ! ! ! '

"vd.dta" usling 1.2+
"vd.dta" using1:3  ~

cas [s]

Modelovani a simulace — p. 22



Vysledky

Van der Pol oscilator; a=0
25 T ! ! |

"vd.dta" usilng 1.2+
"vd.dta" using 1:3  ~

0 5 10 15 20 25 30
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Vysledky

y [m]
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Van der Pol oscilator; a=10

T F A

++

"vd.dta" using 1:2
"vd.dta" using 1:3

+
+
+
+
ges

i H
+ .
o s
+
o }
+
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, if"
S ¥
+ : 4
+ H
T 4
o +
5 10 15 20 25 30
cas [s]

Modelovani a simulace — p. 24



Vysledky

y [m]

15

0.5

-1.5

Van der Pol oscilator; a=0.1, px1=0.05, px=0

"vd.dta"lusing 1;
"vd.dta" using 18

10 20 30 40 50 60 70 80 90
cas [s]

100
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Modely obvod
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(projekt MSI, Josef Lukastik)



Rovnice obvodu

Smycka 1: L1} + & [(i1 —i2)dt —U =0
L = C% f(Zl — ig)dt

LU/ — C%(Zl — iz)

Llill +x=U
.y U—=x
Zl — L]_

Smyéka 2: Lgié + Cil f(@g — il)dt + Rl(ig — ig) =0
LQZ/2 — T + Rl(’iQ — 23) =0

il — r—Ri(i2—1i3)
2 Lo
Smycka 3:

Lgié + C'Lg f(Zg — i4)dt -+ Rl(ig — ig) =0
Y = C’L f(Zg — i4)dt

y' = &- (i3 — iq)dt
Lgié + Y + Rl(ig — ig) =0

,L-/ _ —y—Ry (ig —iz)
3 LS Modelovani a simulace — p. 27




..rovnice

Lyil + & [(ia — i3)dt + Ryig = 0

L47;21 —y+ Roty =0
7;/ _ y—R2i4
4 — L,
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Schema s integratory
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Obvod: SM

#include "simlib.h"

// hodnoty jednotlivych

double
double
double
double
double
double
double
double
double

U=50;
C1=0.00009;
C2=0.001;
L1=1;
L2=0.8;
L3=0.5;
L4=0.5;
R1=1000;
R2=900;

prvku

Modelovani a simulace
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Obvod: SM

class Schema {

Integrator X, Y, 11, 12, 13, 14;

Schemal():
X((11-12)/C1),
Y((13-14)/C2),
11((U-X)/L1),
12((X-R1*(12-13))/L2),
13((-Y-R1*(13-12))/L3),
14((Y-R2*(14))/L4){}

double
double
double
double
double
double

UC1() { return X.Value();}
UC2() { return Y.Value();}
111() { return I1.Value();}
112() { return 12.Value();}
113() { return 13.Value();}
114() { return l4.Value();}



Obvod: SM

Schema o;

void Sample() { I/l vzorkovaci funkce
Print("%-89\t%g\t%g\t%g\t%g\n", T.Value(),0.111(), o.

Il Print("%-8g\t%g\t%g\n", T.Value(),0.UC1(), 0.UC2())

}

Sampler S(Sample,0.001); I/l vzorkovaci objekt

Int main() { /| popis experimentu
SetOutput("vystup.dat");
SetStep(0.00001,0.0001); Il krok
Init(0,4); // Inicializace experimentu
Run(); // simulace
return O;

Modelovani a simulace — p. 32
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Kombinovany system

Jednoho dne se Tarzan prochazel po pralese, kdyz tu najednou
zaslechl volani o pomoc. Pochopil, ze krasna Jane je asi v
nesnazich, a tak se hned rozbehl smerem, odkud volani
prichazelo. Dorazil az na okraj skaly tyCici se nad divokou fekou.
Protoze ale Jane miloval, nemohla jej tato prekazka zastavit.
Nad reku se sklanel stary strom, z néhoz visely liany. Jednu z
nich si dlouhym klackem pritahl a chtél se zhoupnout na druhy
breh. Jenze kousek od brehu bylo mnoho velmi ostrych
kamend... Kdy se ma Tarzan liany pustit, aby se neutopil ani
neporezal o kameny?

Tarzan stoji na skale ve vySce 4m nad hladinou reky. Z vétve
stromu (4m nad nim) sklanejiciho se nad reku si pritahne lianu,
ktera je od nej vzdalena 3m. Druhy breh je v drovni hladiny.

Reka je Sirokd 4m, 2m od ni leZi oblast poseta ostrymi kameny.
(MSI projekt, Jan Zezulka)
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Konceptualni model
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Abstraktni modely

Abstmkinl modely
SULDIN _) (21—
AT I 37°
‘I_::? 1 oy xn:r: _w‘ii'mwd. d.-” dvF &
el ¥ o=~
3 | 4
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Abstraktni modely
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Simula ¢ni modely

class Kyvadlo{

Integrator alfa, dalfa;
double X, vy, last x, last y; //souradnice

Kyvadlo():
dalfa((-g/DELKA)*Sin(alfa)),
alfa(dalfa, UHEL),
X(0.0), y(VYSKA), last x(0.0), last_y(VYSKA) {}

}
Kyvadlo *k;
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Simula ¢ni modely

void Kyvadlo::Poloha() {
if (alfa.Value() < uhel odhozu) {
X =(sin(alfa.Value()*Pir) * DELKA) - (sin(UHEL*Pir) *
y =DELKA * (1-cos(alfa.Value()*Pir)) + (VYSKA+DELKA*(cos
vX = (x-last X)/{SAMPLE_STEP;

vy = (y-last_y)/SAMPLE_STEP;
last X = X;
last y = v;
IIPrint("%qg ", alfa.Value());
SouX = X;
souY =y,
beta = alfa.Value();
} else { /lukonceni kyvadla
cas = T.Value();
beta = alfa.Value();
Stop();

}
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Simula ¢ni modely

class Vrh:ConditionDown {
public:
Integrator dy, vy, X;
Vrh():ConditionDown(y),
dy('g’ Vy)’
y(dy, souY),
X(vx, souX) {}
void Action() {
//Print("konec");

) Stop();}
\}rh T
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Simula ¢ni modely

void Sample(){
If (beta < uhel odhozu) {
k->Poloha();
Print("%g %g %g\n", T.Value(), k->x, k->y),
} else
Print("%g %g %g\n", T.Value(), r->x.Value(), r->y.Value(

}
Sampler S(Sample,SAMPLE_STEP);
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Simula ¢ni modely

Int main()
{
SetOutput("msiproj.dat”); [/[presmerovani vystupu
for(unhel_odhozu=-36.0; uhel odhozu<=36.0; uhel odhozu
//simulujeme pro ruzne uhly opusteni lana
Kyvadlo K; k=&K;
Init(0, 30); //nastaveni casu
SetStep(le-3, 0.1); //nastaveni kroku
Run();
[/Print("tady");
Vrh R; r=&R;
Init(cas, 60); //nastaveni casu (posunute o
SetStep(le-3, 0.1); //nastaveni kroku
Run();
Print("\n");
}

return O;
|

Modelovani a simulace — p. 42



Vysledky
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breh kameny
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Simula ¢ni modely
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