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Zasada minimum Pontriagina

Ly

X(t) — f(x(t)a ll(t), t)

Qtfwr V() u(t), )t

x(t = 0)

— X0, X( = Xf dowolny, tf dowolny

H(x(t),u(t), A(l),t) = V(x(t),u(t),t) + A (t)f(x(t): u(t),t)

0S




Zasada minimum Pontriagina

J = S(x(ts),ts) + ft :‘f V(x(t),u(t), t)dt

lu(®)]| <U

ui ()| < Uy — U <uy(t) < UG

; Sterowanie optymalne
u(t) =u* (t)m

AJ(u(t),6u(t)) = J(u(t)) — J(u*(t)) = 0= 6J(u*(t), bu(?)) +or)

57 = 22 su(t) 5.7 (u*(t), Su(t)) > 0.




Przypomnienie

nwe) = [ Vec@u®.0+(5) 0+ (%),
X (0) LG (0),0°(0), ) — % (0

T (®) = [ 200,50, (0,70, e
AJ = Jy(u(t)) — Ja(u™(t))
Ly
#]t (L° = L)dt + LI, bty
0= ] (55). oxto+ (55) xt+ (55) suto fa

+ Eltf oty.



Zasada minimum Pontriagina

0

§J(u*(t),0u(t)) = /t y {[% +5\(t)_ 0x(t)
o LY - A
N %] gu(t) + %7; _ :t(t)L 6A(t)} di
0o < . /
+ 95 _ A(t)} oxy + [H + %—f] ot s.

9% f “
\g Y

H(x(t), u(t), A(t),t) = V(x(t), u(t), t) + X () (x(£), u(t), t)



[lu(t)|] <U

Warunek

Constraint boundary.




Warunek konieczny zasady minimum
Pontriagina

H(x* (t), u* (£), A*(t), t) < H(x*(t)@ A (t),1)

Najlepsze z mozliwego, aczkolwiek nie optymalne

. {H(x7(t), u(t), A"(8), )} = H(x"(t), u"(£), A*(t), 1),



Podsumowanie

x(t) = f(x(t),u(t),t) J=S(x(tr),ts)+ ft :f V(x(t),u(t),t)dt
x(t =0) =x0, x(t=1tf)=x¢ wolny, t; wolny

H(x(t),u(t), A(l),t) = V(x(t),u(t), t) + J\'(t)f(x(t), u(t),t)

o=+ (Z4) | e 0,0 (0, X°(0),6) < M (1), u(®). (0,0
() = + (%’;-)*
A(t)=— (%‘é‘)* [% — z\(t)] . 6Xf -+ [H + %] . (5tf =0




Przyktad

oOH
H=u’-6u+7 5 =0—2-6=0-—u =3
u| <2,— —2<u<+2 H*=3-6x3+7=-2
H(u") < H(u),
H(u*z—ﬁu*+7)§H(u2—6u+7)
u* = +2 |

4+ Admissible | Controls —»
.4r




Przyktad 2

x=u x(0)=0

X(2) — max

ul<0.3

x=C, =05
x=Ct

X(2)=1

C,=0
J=["05%dt=05

] = joz (0.3)2dt =0.18
X(2) = 0.6

Przyktad
Y=u x(o):o, ref0.2]

2 _
J= Iztldf — mm‘
[ -~

Ju(®) = S(x(ty). ) + f” V() u(o), ot

E,,,:”/ ()= [
7 :+ju1m Zupit Sets L
"~ a
- 2 dr
" 2

: (vlambdatt) :I[@*N +A(3-u
o ———

f

(%).-a (5).=° G-g b

i=0=4()4C]

)]

x=Gt+C,
2%/1:0:;4:01:% =

Przyktad (cd)
(1(f)*1)|H =0=1(2)=1 C=1

AS02A=C " 5 0= u=( =03

x=u=x=C=x(1)=Cr+C,
x(0)=0.x(2) —» max
C,=0, | G=05 x(r)=05

Porownywanie
X=u

X[2) u J J
x(t)=ut o 0 0 0
02000 01000 00200  -0.1800
3 04000 0200 00800 -0.3200
7= [idt —min 06000 03000 0180  -0.4200
L 0.8000 04000 0.3200 -0.4300
) [ 1 0.5000 05000  -0.5000
T ==x(2)+[idt 12000 0.6000 07200 -0.4800
. 1.4000 0.7000 0.9800 -0.4200
16000 08000 1250 -03200
1800 0800 16200 01000
2 1 2 0]




Przyktad 3

x=u| x(t, )=0 Vvx(0)
sl Tl
J = Ofuzdt O ts
t. +C2-2C2=0
£ —>min= S(xt) =t o
2 Cf:tf
, ts 1
3= uzdt+§t2 Ct, +C,=0
: f PRZYKEAD
3= ["teu? + 208w Jot = [ Fat
0 0 X(0) =10=C,
oF
— =2u-A1=0 -
= Cl=-10
& C. =—-310 =-2.1544 =u
ﬁ—ia—lz&=0:>/1=0:>/1:0 n
ox  dt ox t, =C/ =4.614s
u=C, = %z X(t) = —2.1544t +10
x(t)=Cit+C, x(0)=10

X(t.)=0=>Ct, +C, =0 X(4.6414) = —2.1944 - 4.6414 +10 ~ 9.9994
f/7 1*f 2



/Zagadnienie 1
| X(0)=0,x(2)—>max, te|0,2
oy X©-0x(@) 0.2]

t}ﬁ%@i _1<u<1

J=-x(2)= —x(0)+z(—x%dt = E[—x&]dt = E[—u (t) |dt — min

integrate =1 dt fromt=0to 2

ffo Extended Keyboard +

2
jﬁ—ldt=—2 ) (=1



Zagadnienie 1(cd)

—1<u<l< (Upy —U)(u—u,, )=a*=0

u. =-1 u__ =1

min

[ 4 (F0) + 2, (U —0) (U U )2

!
F

@F d 8F _ O /’§L: O — ;ll _ C warunek transwersalnosci (L)

8x_dt o0&
OF doF Fl o
_O—ﬂ,l—l—ﬂ,z(ZU):O o :2_

ou dt o&

F doF_pgmg (A0, =0=4()

oo, dt Ok —-C=1=4 =1

1



Zagadnienie 1 (cd)
A, (2u)=1

2 =055 2 =025 2, (Upy, —U)(U—Uyy, ) =0

A(t)=0=>u=u,, lub u=u, Upax =1, Uiy =—1
x(0)=0,x(2) - max, te[0,2] =
: 0 2
u=-0.74
x(t)=u-t,u=-1=x(2)=-2<x(0) 1

x(t)=u-t,u=1L=x(2)=2>x(0) | = 1



Czasooptymalne systemy. Przyktad.

lul<1 [t+/11(x&—u)+/12((u+1)(1—u)—a2)—/11x81 ~0
— [t-Au+4,(1-u? ~a?)] =0 |
— — —a =

X(t;)=0, vx(0) t

: 24 =C uef-13
t, = min

2,U=2=C t=0
Jzzlti f%):—l X(t)=u-t+C
2 lub ) =1

V= [l(tr A0% u)+ 4, (U DA-U)-a?)dt  PRZYKEAD
oF d oF & x(0)=-10
x dqoE ™ A=l x(t) =1-t—10
oF t, =10

—-=0 —A+2,(20)=0

0 u=+1

oF

—=0 a=0

oa % >< Ji

[F_%ﬁt o U=-sign(x(0)) —

OX




Czasooptymalne systemy
x(t) = Ax(t) + Bu(t) |VX(0) >0

System jest catkowicie sterowalny, jesli rank macierzy G wynosi n (wymiar x)

G—|B: AB : AZB © ... : A”‘IB]




Funkcjonat

ty Ly

J(u(t) = [ " VIx(@),u()tdt= | 1dt=ts ~to
0 0
to ustalony tf dowolny

H(x(t), u(t), A(t),t) = V(x(t), u(t), t) + X () (x(£), u(t), t)

H(x(t), A(t),u(t)) =1+ X (t) [Ax(t) + Bu(t)],

=1+ [Ax()]'A(t) + u’{’)\(t)

}t*(t) = + (—)* _ AX*(t) +Bu*(t), |l1(t)| < U

r(t)._-(‘g—”'}f) S AN X (te) =x(t)y | X (tg) =




Warunek konieczny zasady minimum

Pontriagina  o=+(%,)

H(x™(t), u™ (), A" (1), t) < H(x*(t),u(t), A™(1),1)

14 [AX* (O] A* (1) + u¥ (#)BA* (1) <1+ [AX*(t)]A*(t) + u'(t)B'A*(¢)

u®(H)B'A*(t) < u'(t)B'A* (),
k_Y_)
u*(H)q*(t) <u'(t)q*(t), a*(t) = BA*(¢)

W(a'(t) = min {u'(0)q"()



Bang-Bang Sterowanie

min ju( = {
min {W(0a' (0} = - la'()
+1 if q*(£) < 0,
u*(t) =< —1 if q*(t) > 0,
Nie wyznaczalny if q*(t) =0

u*(t)
>

-1 +1




Przyktad sterowania




H(x(t), A1), u(t)) =1+ XN (t) [Ax(t) + Bu(t)],
=14+ [Ax(®)]A(#) + u'(t)B'A(t)

X*(t) = + (?9_73* = Ax*(t) + Bu® (1),
()=~ (5x), = —AN®

A*(t) = e AA%(0)
u*(t) = —SGN{B'c"A*A*(0)}

u; (t) = —sgniq; (t)},
= —sgn {b}E_A!tA*(O)}



Warunek konieczny sterowalnosci

* —A't | x

q*(t — 3 leTg] qj (t) = b;lf t)\ (0) — O
i*(t) = LA AIA%(0) =0
§*(t) = biAZ AN (0) = 0

iiiiiiiiiiii

—A't
G;;t' A*(0)=0

G; = |b; Ab; Agbj An_lbj}

—|B : AB : A°B :...: AﬂlB].

G,’; catkowicie sterowalny system

time-optimal control system is normal



System czesciowo sterowalny

gj(t) =0 Vte[l,Ts] Gl ™A (0)=0
u*()=sgn{q;*(t)}

+1




Twierdzenie

Jesli wszystkie n wartosci wiasne macierzy A s3g rzeczywiste, to
optymalne sterowanie u*(t) mozna przetaczac (od 1 do -l lub od -1 do
1) w liczbie (n - 1) razy.




Algorytm poszukiwania sterowania

wybor A\* ([])

A*(t) = At A (0)

uj(t) = —sgn{bj, X*(t)}
J
x(t) = Ax(t) + Bu(t)

Czy istnieje tf dla ktorego
x(tf) = 0

koniec




Uktad otwarty

sin=-A" A1) -] B Q) T L O (6 - Ax o +BuE ),

—-1
Stop Iteration Yes

MO)| Start Iteration/| NO
Change A(0)




Uktad zamkniety

relacja
u*(t) mmm) x*(t)
rownanie Riccatiego

A5 (1) = P()x*(t)

u*(t) = —SGN{B'e2A\*(0)} -




Przyktad 7

D=V &) = u(t)
) = (<1
i‘l(t) = .’lfg(t)
To(t) = u(t)
V( 1p’ (Xlk = O’ Xox = O)

minimum czasu




Przyktad

tf
J = ldt =ty —to

to

H(x(t), A(t),u(t)) =1+ A ($)za(t) + A2(t)u(t)

Zasada Pontriagina

H(x(2), A"(2), w™ (t)) < H(x"(t), A*(t), u(t),)

= |I'l]1_’|ll£lfl1 H(X*(t), ’\*(t)? u(t))

|
L+ A (O3(8) + AOu(E) < 1+ N (B)zy(t) + Mt

ut)€1  AOw ) < X(0u()

u’(t) = —sgn{A3()}

=%

u(t)




Przyktad

A(),u(t)) =1+ A1(t)z2(t) + Aa(t)u(t)

=0, Ni(t)

H(x(t),
. OH
L oM

PHONN.
An(0

e MO =X0)-H0)

u”(t) = —sgn{A3(t)}



Przyktad

+1 () +1 Aa(t) .
Sterowanie .\ 1 . erent
0 > t 0 >t
**** ) .
{+1}, {-1}, ST I S 1 u(t)
(@) AM(0) > 0; A2(0)<0 (b) 11(0) < 0; 22(0) >0
+1 u$(t) +]_
{+1,-1}, {-1,+1} hatt), |
0 >+ 0 >t
System 2 rzedu ma
maksimum 1 przetgczenie -1 -1 w(6)

(c) A1(0) <0; A2(0) <0 (d) 21(0) > 0; Ax(0)>0



Badania

exampleOpt1W6.slx

1 _I—b_.,
Constant
_| =

1 1 > h
ol e TETE R
o Suitch Integrator Triegrater] .;.;.F.E % p }3 ﬁy ﬁ EI % 'iE ~
-1
Constant1 —.’I:l
Scope

T=5.5-5.6

T ]
4r (2'3) u=-1 “a

Tithe: offset: 0O

Y Amis
(mn }




Uktad otwarty

XY Plot

10

¥ Asis

@—h 1-0 A8 u{ 1))

Start Iteration/
Change A(0)




Uktad zamkniety

B1(t) = 22(t)| U= O =2 | 5i0) = 53(0) + 53(0)¢ + U,

Y — \ * *

Z3(t) = u(t) @5 (t) = 23(0) + Ut

t = (.I'g(t) - ng)/U, 371(0) = I10, 5172(0) = T20
| ) | p—_ —
3?1(?:') = T10 — ‘2‘U$20 + “z“UII?Q(t)
t = $2(t) — T90

— U = +1,

u {.‘I:l(t) = T10 — %:13%0 + -%:B%(t) =C1+ %:}:%(t)

u=U=-1 ' :iﬂg{]-—ﬂﬂg(t),
* )| 2(t) = zio + 3230 — 525(t) = Co — 323(2)

1,.2 — 1,.2
01 — X10 — 329 CQ = I10 + 5ZL30



R0
5
'R
OL N
—_— b
V.iﬂ.m
W TR
o =I°
N L
C |V
94—  OIX
5L
+
. - vm,,.
)
S
O
al
>-

=0 C;>0

[ T ———

2 >0

CZ{U Cg

B S S



Portret fazowy

u=-+I

.

PN |

e mmmm =

Co<0 Co=0 C2>0

) S S S

ouvasssnsss sl



Trajektoria przetgczenia

1 1
T1(t=1tf) =0; x2(t=1tf)=0 z1(t) = 210 — §U$%0 + -Q*Ux%(t)
1., 1.,
0 — T10 — §U$20 _I‘ 0 — 10 — §U$20.
1 2
Dla dowolnych X1 = X10,T2 = Z20 Il = §U:132
T- (x1,x2)

(.’171,.’.'[72)

Y+

v-

(0,0)

1
0.8 i
0.6 i
04r -
0.2 i
S o ]
0.2 -
0.4

0.9 47/+




Przykiad
Celem jest (O’O) U = il

Mamy 2 trajektorii
yerl u=+1

R 1
OO 7 ={(X1’ X)Xy =§X22; X2 S 0}-

Okreslenie przetaczania

1
(X1’X2): X1 =—§X2‘X2‘>

. S




Przyktad

Priw5.m
>> 0 u=+1

x10=[-1.0 -0.75 -0.5 -0.25 0 0.25 0.5 0.75
1.0];

x20=0;

for k=1:9 1

ksil=x10(k)-x20.22/2;
x2=[-1:0.01:1];
x1=x2./2/2+ksil; ol
plot(x1,x2,"-") 04
hold on
end
Yu=-1
for k=1:9 021
ksi2=x10(k)+x20.22/2;
x2=[-1:0.01:1];

X1= - Xx2./2/2+ksi2; oo
plot(x1,x2,'--") 08
xlabel('x1")

0.8

0.2

x2
=

0.4r

ylabel('x2") )
hold on
End




Przyktad (cd)

Pr2w5.m
u=[1 -1]; 1
x10=[-1.0 -0.75 -0.5 -0.25 08
0 0.25 0.5 0.75 1.0j; 06
x20=0; oal
for i=1:2 |
for k=1:9 o2r
ksi=x10(K)-u(i)*x20./2/2; N o
x2=[-1:0.01:1]; ool
x1=u(i)*x2.22/2+ksi; '
plot(x1,x2,'-" Dar
xlabel(*x1") 0.6}
ylabel('x2") o8l
hold on |
end _11.5

end



>>x2 =[-1:0.1: 1];

x1 = - 0.5*x2.*abs(x2);
plot(x1,x2,'-")
xlabel('x1")

ylabel('x2")

Przyktad

057t

-1

a

0.5

1 Ve ~
/N ¢
0.8 / N N\ /
N Yy v
‘\ / / A N/ /
0.6 \/ /
X NN YN/
0.4 .‘"". \ o/ | \ ,-"' T
Vi { \ \ [\
0.2 \ [ | \
\ | | "
0
| ( | |
| | A |
0.2 | 1 \ / f \
h Vo [ \ \
\ o/ Vo \ v
0.4 \ / \/ A
0.6 /"‘-_ A ..-’1\
0. /N / \/ X/. \
/ 4 {
. / X \/ X S
A S
. / \
-1.5 1 0.5 0 0.5 1
x1

x* *
Uu =u (x,X,)=+1 V(x,X)ey. UR,;
* *
Uu =u (X,X%)=-1V(x,x,)ey. UR..

0.3



Przyktad

Rownanie przetaczenia

2(6)= ~x, (D)= X () [xo D)

jesti (x,(¢), x,(t) e R_to z(t) >0,
jesti (x,(¢), x,(t) e R, to z(t) <0.



Przyktad

+1

X1 (1)

u ()| 1
- S2
X- (T

2(V d /dt




Obliczenie czasu

(3:1::52) (01 0)
Ty + +/4x + 222 if (21,22) € R- or 2y > —gza|xo)
t} = {4 =9 + \/—4:.171 + 2:3%- if (:1:1,2122) eRy or 1 < —l$2|$2|
|2 if (z1,72) €y or T =—5T2|T3]
L o<l
g
t = (x2(t) — 220)/U N L ?1201_; 2=
(ue2



Symulacja

exampleOpt2W6.slx

g _|—>
Caonstant

i == 0

;:I—f (2R abslu2Z))

|

Fen

1

Caonstant1

J SCcope

Time offset: 0

—a

Swiitch

Time offset. 0O

1 1
™ S ™ 3 ]
Integratar TntegratarT

Scope

—————

BN @
e
Srope ¥ Graph

YO Axis

A Plot

(2,3)

przetgczenie

]



Przyktad




Przyktad

0.4 -

0.2 -

| xl{ﬂ'}=|},5 '

X, (0)=0,5

0.7



Przyktad

(0.1:0.9)

.




Wtasne wartosci zespolone

dzz(t)mzy(t):Ku(t), K>0 |u(t)[<1

(1) =y, (b), X, (t) = % Y1 (t);

(t) =—@°y; (1) + Ku(t),
e ()= ;)



¥ (1) = X, (1),

X5 (t) = —axy (1) + u(t),

& (t)

X5 (1)_

Xy (t)

Xp(t)

a)_
O_l

) u(t)



det(sl — A,) = det([so (S) }_[ _2) “(;D _
=det([S _wD=sz+a)2=O.
), S

Sl= ja), 32 =—ja),



& (1)

210

System autonomiczny

0

o

/),

0

X(t)= (t)X(O)

@, (t)=L"[@, (5)]=L[s]

.

D, (t

coswt Sinwt
Sinwt cosamt

| |

_ Ax ]_1

X4 (1) coSwt sinmt
X,(t)| |-sin@t coset

X(0)= |:i10}
20

I

10
X20

|



Realizacja w MatLabie

>>syms S AX omega
|I=eye(2);

Ax=]0 omega; -omega O]
phix=ilaplace(inv(s*I-Ax))

ohix =
' cos(omega*t), sin(omega*t)]
-sin(omega*t), cos(omega*t)]




Analiza ruchu
X1 (t) = X1gCOS @ t + XopSIN @ t;
X5 (t) ==X19SIN @t + X55COS@ L.

2 2 2 2 _ 52
X1 (1) +X3(t) =X+ X0 =R

X, (t) = £/ RZ — x2(t)



Realizacja w MatLabie

>>R=[0.2 0.4 0.6 0.8];

fori=1:4
X1=[-R(i):0.001:R(i)];
x2=sqrt(R(i).*2-x1.72);
plot(x1,x2, '-)

hold on
x2=-sqrt(R(i).*2-x1.72);
plot(x1,x2, '-)
xlabel('x1"), ylabel('x2")
grid on

end

-0.8

0.8

i i\ \ f
| Ln H . - :J I.I f
0.2 P R N T T - SO RSSO S S—
Y \ /
N J

040

i [
0.8 -06 -04 -02

0.2 0.4 0.6 0.8



AL

Sterowanie czasooptymalne

r)8f(t) = Xy(1), ‘U(t)‘ <1

s (1) =—w X (t)+u(t).

2
H=> 2, (XU)=0X4—ox,+ul,
a=1

U=sign{i,} n



Sterowanie czasooptymalne
a4 _ oH _

—— = 4,,
dt 0%,
dh, __oH__ o
dt OX,
A
_ - - 1=
[0 o M
—o 0 || 4, ]

At) =@, (1)4(0)



D, (t)=L"[D, (5)]=L"[sI -AT* & U ﬂ

® ()= coswt sinwt A4@M) | | cosawt sinet || 4,(0)
*()‘[—sinwt cos wt 2,(t) {—sinmt COSwt} 2,(0) |
A,(t) == (0)sin@t+4,(0)cos wt Lt)=a(sinot+a)=a(sind+a)

0=wt: az\//lf(O)+/122(O); azarctg_jjégi



: // ‘“\\f,ﬁ,«z }}é):\"k\l "
>> psi10=2: Voo AN
psi20=0; N N
alpha=atan(-psi20/ psi10); | =1 N/
a=sqrt(psilon2+ psi2072); F————————— %
theta=[0:0.01:4*pi]; z * 27 37 i
psi2=a*(sin(theta)+alpha); @
plot(theta, psiz2, '--') u=sign{i,}
hold on
u=sign(psi2);

plot(theta, u, '-")



Rozwigzanie

& (1) = @ X,(t),
&0 =-0x0+ur) U= t1

X190 = X1(0), Xyp = X,(0)

u . u
Xl(t) = (Xlo —ZJCOSG)I + X20 Sin ot + 5,

uj..
X, (1) = —( X10 = g)sm ot + X5 COS .



Transformacje

@ X1 (1) = (@X19 —U)COsS @t + @ X, Sin wt + U,
@ X, (1) = —(@Xqp — U)Sin @t + @ X, COS w.

[@X4 (1) = U] +[@X,]° = (@X10 — U)* + (@X0)°

X1, X 7 @X1,®X

D% (1) = £/ (@X10 — U)? + (@Xg) — [0y (1) — U]’



>> u=1;

omegax10=[1.5 2 2.5];

omegax20=0;

omegax1=-3:0.001:3;

for i=1:3

omegax2=sqrt((omegax10(i) - u)."2+
u).~2);

plot(omegaxl, omegax2, '-)

hold on

omegax2=-sgrt((omegax10(i) - u)."2+
u)."2);

plot(omegaxl, omegax2, '-)

hold on

end

>>u=-1;

omegax10=[-1.5 -2 -2.5];

for i=1:3

omegax2=sqrt((omegax10(i) - u)."2+
u).*2);

plot(omegaxl, omegax2, '--')

hold on

omegax2=-sgrt((omegax10(i) - u)."2+
u).*2);

plot(omegaxl, omegax2, '--')

hold on

end

omegax20./2-(omegax1-

omegax20."2-(omegax1-

omegax20./2-(omegax1-

omegax20.”2-(omegax1-



DX~

u=-1

)

¥,

‘a R /
1t —
—_— —_ f\____f’
_z 1 ] ]
3 2 -1 0 1 2

I, ={(@x,@X%;): (@X —1)° +(@X,)* =1};

I ={(@x{,0%,): (@X +1)* + (0X,)* =1}.



WX
1.5
2 r fo
@Xo =\/1—(wx1+1)/wj_ﬁ>f .
0 :ﬁ
05t H\ 1 WXy =—\/l—(coxl—1)2
& X““‘w’--
15 1 WX
( ’ ) \7; 0,00 - U (wX, wX,) =+1 jesli (ox,, wx,) € y;
[=— * * PT 0
W U =U (wX,oX,)=-1jesli (ox,wx,) € y_.

y9r= {(@x1,@X5) : (@Xy ~1)% + (a)xz)2 =1, wX, <0}

7o={(@x{,0%,) : (@X +1)* + (@X,)* =1, @X, >0}



Krok 2

yi={(ox,, 0%,): (@x] - 3)? + (wx2)2 =1, wx, <0} WXy = —\/1— (X = 3)°

yi={(ox,, ®x;): (0% +3)° +(@%,)° =1, @X, >0} DXy = \/1— (wX; +3)°

4 U (%, %) = +1 jesli (@, 0%,) € R

U =u (wx,ox,) =-1 jesli (wx,,wx,) € R".



>> %%pgammaplusO
omegax1=[0:0.001:4];

omegax2=- sqrt(1-(omegaxl - 1).72);
plot(omegaxl, omegax2, '-)

hold on

%gammaminusO
omegax1=[-4:0.001:0];

omegax2= sqrt(1-(omegax1 + 1).”2);
plot(omegaxl, omegax2, -

hold on

%gammaplusl
omegax1=[0:0.001:4];

omegax2=- sqrt(1-(omegaxl - 3).72);
plot(omegaxl, omegax2, -

hold on

%gammaminusl
omegax1=[-4:0.001:0];

omegax2= sqrt(1-(omegaxl + 3)."2);
plot(omegaxl, omegax2, '-)

1 0 -
Y- 7-
BH 1Lr 1u ?:
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u =u (wx,wx,)=+1 jesli (ox,,wx,)e R Uy,

*
u =u (ox,wx,)=-1]esli(wx,wx,)e R_Uy_.

i|=7+Y7—
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>>for k=1:3; X3

%gammaplusk 6
omegax1=[0:0.001:2*k];

omegax2=- sqrt(1-(omegaxl - (2*k-1))."2); 4r

plot(omegaxl, omegax2, '- 2 0
hold on T
%gammaminusk o YT T
omegax1=[-2*k:0.001:0];

_ ) ", : I 0 1 2
omegax2= sqrt(1 (omega?<'1 + (2*k-1))."2); 2 v 7% 7%
plot(omegax1, omegax2, -
end 4

; /




A: [0 omega; -omega 0]
B: [0; 1]
C:eye(2)
D: [0; 0]
Initial conditions: u(t)
[omegax10; omegax20] x1
ANy B =L o Ree) .
Lol - L / | L _ —> X ~
: y = Cx+Du >
Dead Zone Sign State-Space Scope
omegal
Gainl
(e omega
2 41 N
sqrt u .
Gain2
Gain3 Math +4  Constant2 » omegaxl
Function 1 To Workspacel
» omegax2
sqrt u? le— To Workspace2
Compare i
To Zero 1
Constantl

sys8 2order_complex.mdl



Przyktad

a)Xl(O) - 0,5 Q)XZ (O) - 0,5

”* 0.6 : : : :

O U S , — ] (0x19, @X20)
; : : 04r

1] R N L ......

q : . e 0.2t

(0X+ 0

=]
Pl
‘-H-\_H_‘"——\_

D4l a0
..r‘{+

06

08

0.1 0 0.1 0.2 03 0.4 0.5 0.6

fl!)‘l'l

plot(omegax1.Data,omegax2.Data)



Przyktad

a)Xl(O) - 3,5

0)X2 (O) = 3,5




Przyktad

@X1(0)=-3,5 @X,(0)=-3,5




Przyktad

15

wxl (O) - 12




