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Pidevaja susteemi mudelid

Ulekandemudelid: Olekumudel:
[sisend—valjund mudelid] [ sisend-olek-valjund mudel]
e diferentsiaalvorrand / e olekuvorrand
dif.vOrrandite siisteem e vdljundvorrand

e Ulekandefunktsioon /
tlekandemaatriks

e hippekaja /
hippekajade maatriks
e impulsskaja /
impulsskajade maatriks

Poolused [llekande- < Omavaartused [oleku-
funktsiooni nimetaja juured] vorrandi A maatriksi oma-
vaartused]

Poolused / omavaartused maaravad slisteemi
kaitumise.



Pidevaja slisteemi olekumudel

{x(z) = Ax(t) + Bu(t)
() =Cx(2),x(0) kus A-—nxn; B—nxr;, C—mxn;

x(1) =

-

_xl(t)_ _ul(t)_ _J’1(t)_
O] S C G B0
| x,(7) | | u,(7) | | V(D) ]

x(¢) = e x(0) + j e Bu(r)dr

%/_/
vabaliiku— 0 sundlitku—
mine < x(0) mine <u(t)

Ly(t) = Cx(t)




Ekvivalentne diskreetne susteem (1)

Antud on pidevaja slisteemi olekumudel

{x(r) = Ax(¢) + Bu(t)

y(t) = Cx(1), x(0)

u(t) = u(t,)
x(t) = x(t,)
y(@) = y(t,)

u(ty)
— D/A

u(t)

ty-1 ty

ti+1

y(t) ‘

Susteem

A/D

Kell

kus A —nxn; B—nxr; C— mxn.
A /

y(t)



Ekvivalentne diskreetne suisteem (2)

Lahtume pidevaja olekumlgdeli lahendist
x(t)=e"x(0)+ [e"" Bu(t —7)dr
0

o {,—t (Uleminek)

x(t) =" x(t,) + [e" " Bu(r)dr

o [l

tm
x(t,,) =" x(t,)+ [e"" " Bu(r)dr =
tx
tm
=e""x(t)+ I e’ dr Bu(t))
tk

NB! #— . u(9=u(ty)



Ekvivalentne diskreetne susteem (3)

x(tk+1) — (I)(tkﬂ 9tk) ) x(tk) + F(tk+1 b tk)u(tk )7

kus q)(tk+1,tk) — eA(thrl_tk),

L1~
F(tk+1’tk) = J.eATdT - B.
0
Eeldame ¢, -t =h k=012,

teisiti #, =kh k=0,,2,---.

x(kh + h) = ®x(kh) + Tu(kh)
{Y(kh) = Cx(kh), x(0);

kus @ = eAh,

I =

y . . )
e”"dr B, ekvivalentne diskreetne siisteem.

O ey
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Ekvivalentne diskreetne susteem (3)

{x(k +1) = Ox(k) + Tu(k) Probleem — h valikl?
y(k) = Cx(k), x(0) h!

Olekuvorrandi lahendamine:  k=k, (— tavaliselt ky=0)
x(k,+1)=Dx(k,) +Tu(k,)
x(ky+2)=Dx(k, + 1) +Tu(k,+1) =

=®°x(k,) + OTu(k,)+Tu(k, +1)

x(k) = @ x(k,)+ " " Tu(k))+---Tu(k—1)=

k-1
= 0" x(k)) + D O Tu(j)

J=ky



ty I tie1 kUS (I)(t’tk) — eA(t_t*) ,
t?

L) = | e*dr B.
0

NB! h valitakse Shannon-Kotelnikovi teoreemi alusel.

Naide No.1 & ja [ arvutamine

{x(t) = Ax(t) + Bu(?)

WO=Cx(),  kus A:{O 1}, B:m, c=[i
0O O

X(t) = (D(tatk )x(tk) + F(l‘,tk )u(tk)a



Leiame @ ja [ uldkujul

o A’h’ 1 0|l [0 A| [0 O 1 A
O=e"=E+Ah+ +.ee= + + b=
2! 0 1 0 O 0 0 0

- 1 A& h*/2
x(kh+h)= {O 1}c(kh) + { h }u(kh)
< ®
V) =[1 0]x(kh)
N ©

@ ja I" arvutasime e astmerea alusel.



Meil on antud olekumudel
{x(k +1) = Dx(k) +Tu(k)

y(k) = Cx(k), x(0)
Soovime leida Ulekandemudeli (sisend-valjund mudeli).

Votame kasutusele operaatori z
y(k)  zy(k)=y(k+1)

z ' y(k) = y(k-1)
x(k+1)=zx(k) =Dx(k)+Tu(k)
zx(k) —DOx(k)=Tu(k)

(zE —D)x(k)=Tu(k)

x(k)=(zE —®)"'Tu(k)
Hu;cr(z)

v(k) = Cx(k) = C(zE ~ ®) 'Tu(k)

H(z),Huy(z)




H(z) — Ulekandemaatriks
—Mxr.

Eeldame, et m=r=1 — Uhemdodtmeline susteem.

H(z =BG
A(z)

_B(z')  bz'4--+bz"
Az l1+az'+-+az”"

ulekandefunktsioon

_y(k)
H(z)= u()

vk)+aylk-1)+---+a y(k—n)=bu(k—-1)+---+ b u(k—n),
diferentsvorrand.

Kui u(k)--- on antud, siis y(k) ---on leitavad

vk)=—aylk-1)—--—aylk—n)+bu(k—-1)+---+bu(k—n)



Naide No.2

|

""""" 0 z-1

x(k+1) = Ox(k)+ Tu(k) &t
y(k) = Cx(k),

H(z)=C(zE-®)'T

1 A h*/2
kus b = ,FZ
0 h

1 O 1 & z—=1 —-h
zE—-Dd =z — =
{0 1} {O 1} { 0 Z—1:|

Hz) =) 0] {Z;I IH

(z-1) z—1

~0.5z+0.5 0.5z +0.5z
z2=2z+1 1-2z"'+4z7

}, (zE-D)" =

! 2
2 =
|




0.5z +0.5z (_)y(k)

H(z)= 1-2z7"+z7 u(k)

y(k)=2y(k—-1)+ y(k—2)=0.5u(k—1)+0.5u(k - 2)
y(k)=2y(k—-1)—y(k—2)+0.5u(k —1)+0.5u(k - 2)
y(k)= flyk =1, y(k = 2),u(k = 1),u(k -2)]

Sisteemi jark on 2. u(k)=1, k=0
k yk-2) yk-1) u(k-2) u(k-1) y(k)
0 0 0 0 0 0
1 0 0 0 1 0.5
2 0 0.5 1 1 2
3 0.5 2 1 1 4.5
4 2 4.5 1 1 8



4 Y(K)
8 . N
s 1 reaalaeg !?
h=1 — k=4 — kh=4
4T h#1 — k — kh=t
2 1
1 2 3 4
z-teisendus
{x(k); k=0,12,-+} jada
. 1952 — 1958

X(2)=) x(k)z™" Jury

/ k=0 / Barker

Tsopkin

kujutis  originaal



{x(k +1) = Ox(k) + Tu(k)
y(k)=Cx(k), x(0)

S 2 x(k+1) = Z[izkx(k F1)— x(O)} -
=S Oz x(k) + Y Tz *u(k)
:Zox(k)z-k — X(2)

:Z;u(k)zk ~U(z)
z| X (z2) - x(0)|= DX (2) +TU(2)
X(z)= ng — (D)_lzx(Oz + SZE — CD)_TU(ZE

H(z)=C(zE-®)'T



Moned z-teisendused:

W)=1 k200 X(@)= T k) =k k205 X()- (ZZDZ
Aeg - pidev Aeg - diskreetne
x(1) — x(k)
X(s)=L[x(0)] X(z) = Z[x(k)]

( oY)

| X(9)= [x)erdt | X(@)=2x(k)z"
0 =0

S=T+jw

x(?), t>0 ~__ x(k), k>0

z=p+ 8

z=esh  h-diskreetimissamm

@ alati t R @
N




Naide No.3

x(k) arvutamine X(z) alusel.

0 10z°
z2=1.5z+05 1-1.5z"+4+0.5z"

X(z) = :Zox(k)zk

X(z)=

10 |Z2 —1.52+0.5
‘102-2 1527 +17.52 +---

10-15z7" +5z7°
0+15z7" -5z~
1527 +22.5272+7.527 X(0)=0
()+17.52__22 —7.52_3_3 , x(1)=0 «—x(h)
- 17.5z7 =26.25z7 +8.75z X(2)=10 < x(2h)
0+18.75z7° —-8.75z™" xX(3)=15 <« x(3h)

X(4)=17.5 — x(4h)



u(k) y(k)

—— H® — =

U(z) Y(z)

Y(z)=H(z)-U(z)

Susteemifunktsioonid diskreetaja stusteemides (nullised algtingimused):

-1

H =20 B _BE)

A(s) A(z) Az
Lugeja jark voib Neg.astmete puhul:
olla nimetaja lugeja ja nimetaja
jarguga vordne jargud vordsed
h(t)=L'[H(s)] h(k)=z"[H(2)]
g(z):ﬂf’ (ﬂ g(k>=zl[H<z>-Z}
S 4 _1

H(s)/ H(z) —llekandefunktsioon, #%(t)/ h(k) — impulsskaja,
g(1) / g(k) — hiippekaja.



