— Navrh regulatora metédou rozmiestiiovania pélov

Pre dynamicky proces navrhnite diskrétny regulator metodou pole-placement.
- odsimulujte priebehy y(t), e(t), u(t)

- dokazte stabilitu URO (AP + BQ = A%)

- overte vypo¢tom ustalené hodnoty y(c), e(c0), u()

- vyjadrite diferen¢nu rovnicu regulatora

0.0219z7"' +0.0667z +0.0126z —
1-2.0785z7" +1.4373z7* - 0.3307z"°
00 _ 4y +a2 +q,2° +¢;2°
P(2) 1-z™
CHRURO: 1+ Gp(z)x Gr(z) = A(z)x P(2) + B(z)x Q(z) x z™¢

s L de. -d _ S . ;
Princip metddy: AP+ BQz™° = A_ -> rieSenie systému rovnic

Diskrétna prenosova funkcia ma tvar: Gp(z) =

Hl'adame diskrétny regulétor v tvare: Gr(z) =

(1-2.0785z7" +1.4373z7 - 03307z )x(I1-z " Yx(I+ p,z” + p,z 7 + pz” + p,z )+
+272%(0.0219z7" +0.0667z 7 +0.0126z ) x (g, + ¢,z +q,z > +q,z7) =
=(1-03z")x(1-03z")x(1-03z")x(1-03z")x(1-03z")x(1-03z")x(1-03z")x(1-0.3z7")

Po roznéasobeni a porovnani koeficientov pri rovnakych mocninach z som dostal:

p1=0.678 qo = 13.635558
p>=1.091084 qi = -27.100534
ps = 0.932025 q = 18.027713
ps=0.151755 Qs = -3.977764

P(z)=(1-z")x(1+0.678z"" +1.091084z +0.932025z +0.151755z %) =
=1-0.322z" +0.413084z7* —0.159059z " — 0.780270z* —0.151755z"

13.635558 —27.100534z" +18.027713z> —=3.977764z
1-0.322z7" +0.413084z72 — 0.159059z > — 0.780270z* —0.151755z°

Prenos regulatora: Gr(z) =

Simulécia priebehov y(t), e(t), u(t):
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Proces méa 80%-né preregulovanie, ¢o vyplyva ztoho, ze sme mu vnutili pély 0,3 — totiz poly okolo nuly
vplyvaju na robustnost’ regulatora. Aj ak¢ény zasah je velmi velky, ak to porovndme s predchadzajucimi
rieSeniami — 13,65. Vyhoda je, ze proces je vZzdy stabilny, a Cas regulacie je len 45 minut.

Stabilita URO:

Obvod je vzdy stabilny, lebo pomocou zelaného polynému (o sa rovnda CHRURO) sme mu vnutili len stabilné
poly —0,3.

Ustalené hodnoty:

= lim—BQ
z—1 =1 AP+ BQ
Zpi =-0.322+0.413084 - 0.159059 - 0.78027 - 0.151755 = -1

) . (z—-1 1 z 0
lime(¢) = lim X X = =0
s Ex] 1+GzxGr) \z=1)  0.05917992
limu(r) = lim| 220 || 7| 2] 2001635 5079668
s Exc) 1+GzxGr) \z-1) 0.05917973

Diferen¢na rovnica regulatora:

: .z—1 .
lim y(¢) = lln’llz— Gy = =1= hnll AP =0, ¢o plati vtedy, ak Zpl. =-1
t—0 z—> z z—>

u(k) = 0.322u(k-1) - 0.413084u(k-2) + 0.159059u(k-3) + 0.78027u(k-4) + 0.151755u(k-5) +
+13.635558e(k) — 27.100534e(k-1) + 18.027713e(k-2) — 3.977764e(k-3)
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Uloha 8. — Navrh klasického deadbeat regulatora

a.) Pre Vas proces navrhnite
- klasicky deadbeat regulator
- klasicky deadbeat regulator s ohrani¢enim ak¢éného zasahu
b.) Dokazte stabilitu URO
c¢.) Overte ustalené hodnoty y, e, u s vyuzitim vzt’ahov pouzitych pri odvodeni metody
d.) Simulujte priebehy u, e, y

Deadbeat regulator — ukoncenie regulacného pochodu za konecny pocet krokov kiin

: - +qz ' +..+q,z7"
Uvazujme v8eobecny tvar diskrétneho regulatora: Gr(z) = ) __ 4 _I%Z - InZ -
1-P(z) 1-pz —-pyz"—..—p,z"
: : bz '+..+b,z7"
Diskrétna prenosova funkcia procesu: Gp(z) = B(2) 4= 2F - n? —z™
A(z) l+az +..+a,z™"
9y %X A(2)

Pre klasicky deadbeat regulator bude: Gr(z) =

1-g,xB(z)xz™
Pre vypocet koeficientov platia vztahy: qo=u(0)=1/ Zb,.

qi = ar*qo pi1+a = b1*qo
q2 = a2*qo p2+d = ba*qo
dm = am™qo Pm+d = bm*qo
. . . 2 1
Podmienky sprévnosti rieSenia: z p, =1 Zqi = ra
i=1 i=0

Stabilita:
n_ plz’"_1 +.+p,z+ D, _ q,B(2)

z" z"
Charakteristickd rovnica URO ma m-nasobny korent v nule. Uzavrety regulacny obvod mé m-nasobny pol

v nule, stabilita je teda dand samotnym navrhom reguldtora a nemusi sa testovat’.

Prenosova funkcia regulatora je: G,, = P(z")=p,z" +..+p,z"

Klasicky deadbeat regulator:

0.0219z7 +0.0667z~ +0.0126z
1-2.0785z7" +1.4373z72 -0.3307z"

Gp(z) =

qo=1/D_b, =1/0.1012 =9.8814

q1 = al*qo =-20.5385
q2 = az*q() =14.2025
qz = a3*q0 =-3.2678

p1=0
p2=0
pP3= b]*qo =0.2164
Pa= bz*qo =0.6591
pPs= bg*qo =0.1245

9.8814—20.5385z"" +14.2025z* —3.2678z"°

Gr(z) =
@ 1-0.2164z7 —0.6591z* —0.1245z"°
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1

Zpi =0.2164+0.6591+0.1245 =1 Zqi =9.8814-20.5385+14.2025-3.2678 = 36
i=1 i=0 .

Diferen¢na rovnica regulatora:

u(k) = 0.2164u(k-3) + 0.6591u(k-4) + 0.1245u(k-5) +
9.8814e(k) — 20.5385¢(k-1) + 14.2025¢(k-2) — 3.2678e(k-3)

Ustalené hodnoty:

lim y(¢) = m{z — IJ x Gy x( z J =limP(z"') = 02164z +0.6591z ™ +0.12452 ™ =1
t— z—> z—>

lime(t) = lirrl{ jx Gy x( z j =lim1 —P(z')=1-0.2164z" -0.6591z7* - 0.1245z" =0
t—0 z—> z—>

t—o z—>l1

=0.2776

limu(t) = lim(z — lj x Gy x( z j = lirrllQ(z’l) =9.8814—20.5385z " +14.2025z* —3.2678z " =0.2776

Simuléacia y(t), e(t), u(t):

Pomocou deadbeat reguldtora sme dosiahli, Ze cas ustalenia je len 25,5 minlit aproces nemd Zziadne

preregulovanie. Maximalna hodnota akéného zésahu 9,8814.

27



Klasicky deadbeat regulator s ohranic¢enim akéného zasahu:

maximalny akény zésah bol: 9.8814 — z toho 90% je priblizne 9.

Pre vypocet koeficientov platia vztahy: qo=u(0) = predpise sa

qo =9
s=1/)"b,=9.8814

s=1/Zb,.

q1 = qo*(ar-1)+s

Q2 = qO*(az-al)Jra]*s

qm = Qo™ (am-am-1)+am-1*s
qm+1 = am(-q0+s)

qi = 9%(-2.0785-1)+9.8814 = -17.8251
qz = 9%(1.4373+2.0785)-2.0785%*9.8814 = 11.1037
qQsz = 9%(-0.3307-1.4373)+1.4373*9.8814 = -1.7095

qu = -0.3307%(-9+9.8814) = -0.2915

p1=0
p2=0
p3 =9*0.0219 =0.1971

pa=9%(0.0667-0.0219)+0.0219*9.8814 = 0.6196
ps = 9%(0.0126-0.0667)+0.0667*9.8814 = 0.1722
pe=0.0126%(-9+9.8814) = 0.0111

9-17.8251z7" +11.1037z7 —=1.7095z> —0.2915z*

Gr(z) =

3

1-0.1971z72 =0.6196z™* —0.1722z° —=0.0111z"°

D p; =0.1971+0.6196+0.1722+0.0111 =1

i=1
qu' =9-17.8251+11.1037-1.7095-0.2915 =
i=0

Diferen¢na rovnica regulatora:

u(k) = 0.1971u(k-3) + 0.6196u(k-4) + 0.1722u(k-5) + 0.011 1u(k-6) +

1
3.6

=0.2776

P1+d = qo*by

P2+d = qo*(ba-by)+b*s
Pm+d = qO*(bm'bm-l)+bm-1*S
Pm+d+1 = bm™*(-qo+s)

9e(k) — 17.8251e(k-1) + 11.1037e(k-2) — 1.7095e(k-3) — 0.2915e(k-4)

Ustalené hodnoty:
z—1

lim y(¢) = lirrll(
t—0 z—>

t— z

limu(f) = 11311[2 - lj %G,y X

= lin}P(z_l) =0.1971z7 +0.6196z* +0.1722z7° +0.0111z"° =1

= lirrlll—P(z’l) =1-0.1971z7 = 0.6196z* —0.1722z7° —0.0111z° =0

= linllQ(z_l) =9-17.8251z7" +11.1037z7% —1.7095z > —0.2915z™* = 0.2776
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Simulacia y(t), e(t), u(t):

Ak¢énému zasahu sme predpisali maximalnu hodnotu 9 -> Cas ustdlenia je vtomto pripade trosku vAacsi,
27 minut a proces takisto nema ziadne preregulovanie.

Uloha 9. — Nivrh vieobecnych diskrétnych regulitorov s vyuZitim algebraickej teérie

Navrhnite diskrétny regulator umoziujuci dosiahnut’

a.) stabilné ¢as.-opt. riadenie (slaba verzia)

b.) konecné ¢as.-opt. riadenie (silna verzia)

c.) kone¢né ¢as.-opt. riadenie s ohrani¢enim akéného zasahu (silna + ohranicenie)
d.) feed-forward riadenie

e.) minimalizaciu ||E ||2 — min (kvadraticky regulator)

Slaba verzia:

Vychodicka: Gp(z) = B d(4,B)=1 W(z)= EAC] d(f,g)=1
A(z) g(2)
Hrladéme: Gr(z) = Q@) d(Q,P)=1
P(z)
0.0219z7 +0.0667z* +0.0126z° 1
Gp(Z) = -1 -2 -3 W(Z) = -1
1-2.0785z7" +1.4373z72 - 0.3307z 1-z
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1) d(4,g)=1 4, = % =1-2.0785z" +1.4373z% - 0.3307z"° g, =

2.) Faktorizacia
A; =1-2.0785z7" +1.4373277 -0.3307z"

A, = 4, x 4, -> A0 ma len stabilné poly, takze:
A7 =1

B' =1+0.2025z""

B=0.0219z" x(1+0.2025z " )x (1+2.8393z )= B* x B~ >
B =0.0219z" +0.0622z"*

f=rtxg ==

3.) Diofanticka rovnica: g4, X +BY = f* d(g,B7)=1
(I1-zH)x1xX +(0.0219z7 +0.0622z *)x Y =1

urcenie stuptiov X’, Y’, ak : AX +BY =1

st(A)+st(B) > st(f*) -> podmienka plati, lebo 1 + 4 >0

st(X)=st(B)-1=4-1=3= X =x,+x2z " +x,27 +x,27
st(Y)=st(A)-1=1-1=0=Y =y,

(I—zYx(x, +x,z7" +x,27 +x,27)+(0.021927 +0.0622z *)x y, =1

z ix, =1 x, =1
z7ix, —x, =0 x =1
z7%:ix,—x, =0 x, =1
z7ix;—x, +0.0219y, =0 x; =0.7396
2 i=x; +0.0622y, =0 ¥, =11.8906

X =1+z"+2z7+0.7396z
Y =11.8906

Y4, 11.8906x(1-2.0785z"" +1.43732 - 0.3307z )

4.) Regulator: Gr(z) = — = — = - -
XB'g, (I+z 4z +0.7396z7")x(1+0.2025z " )x(1-z")

Gr(z) = 118906 —24.7146z"' +17.0904z° -3.93222"
1+0.2025z7 —0.2604z° —0.7923z7* —0.14982"°

5.) Diferen¢na rovnica regulatora:

u(k) = -0.2025u(k-1) + 0.2604u(k-3) + 0.7923u(k-4) + 0.1498u(k-5) +
11.8906e(k) — 24.7146e(k-1) + 17.0904e(k-2) — 3.9322¢(k-3)

6.) Regulaénd odchylka: E(z) = A; X f~ =1x(1+z ' +22 +0.7396z ) x1 =1+ 2" + 27 +0.73962"

7.) Pocet krokov: k, =1+ st(E) =4
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A fY  (1-2.0785z7" +1.4373z7 —0.33072 ) x1x11.8906
B'g, (1+0.2025z ) x(1-z")

11.8906 — 24.7146z7" +17.0904z 72 —3.93222°
1-0.7975z7" —0.2025z >

8.) Riadiaci zasah: U(z) =

U(z) = ->nie je kone¢na postupnost’

U(z) =11.8906z° —15.2321z" +7.3406z7> —1.1626z +0.5593z* +0.2106z " +0.2813z° + ..
9.) Vystupna veli¢ina:

YB f~ 11.8906x(0.0219z7° +0.0622z*)x1 _ 0.2604z> +0.73962~*

Y(2)=

1-z -z
Y(z)=02604z7 +1z7* +....
10.) Ustalené hodnoty:
. . (z-1 GzxGr z 0.03380964
lim y(¢) = lim| X X = =1
10 I\ z 1+ GzxGr z—1) 0.03380964

. . (z-1 1 z 0
lime(¢) = 1lim X X =0
10 >z 1+ GzxGr z—1) 0.03380964

limu(r) = lim| 2= |« — G|y 2 0.00939 _ _ 2777314
1—® I\ z 1+ Gzx Gr z—1 0.03380964

11.) Stabilita URO: CHRURO(z) = A;B* f* =(1+0.2025z7")(1-0.6487z"")(1-0.6789z " )(1-0.7509z")

Charakteristicka rovnica uzavretého obvodu ma len také poly, ktoré lezia v jednotkovej kruznice, takze URO je
stabilny.

12.) Simulécia:




Pomocou slabej verzie algebraického regulatora sme dosiahli, zZe ¢as ustalenia je 27 minut a proces ma 5%-né
preregulovanie. Maximalna hodnota akéného zasahu je 11,8906. Aj z obrazku, aj z delenie vidiet, je akény
zasah nie je konecnd postupnost — reguldtor nedrzi hodnoty medzi periddami vzorkovania (dovod
preregulovania, a slabého kmitania).

Silna verzia:

0.0219z7° +0.0667z " +0.01262° 1
Gp(z) = — = - WE)=—-+
1-2.0785z" +1.4373z7" - 0.3307z -z
1.)d(4,g)=D =1 g = % =1-z" -> g0 sa nerovna 1 -> pouzijeme modifikovanu silni verziu, medzi

riadeny proces a regulator sa zaradi integra¢ny ¢len radu, ktory sa rovna radu g (referen¢nej premennej).

g, =(1-z"
A= g,x A,.,.=1 —3.0785z7" +3.5158z —1.768z° +0.3307z*

4 A . -2 -3 g
d(4,g)=D=(1-z") AO=B=1—2.O7852 +1.4373z7° - 0.3307z g0=5=1

2.) Faktorizacia

L , o . Ay =1-2.0785z"" +1.4373z7 -0.3307z"
A, = A, x A, -> Ao ma len stabilné poly, takZe: P
0 —
+ -1
B=0.0219z" x(1+0.2025z"")x (1+2.8393z")=B* x B~ > B =1+020252
B~ =0.0219z7 +0.0622z"*
f=roxf > = =1
3.) Diofanticka rovnica: g4, X +BY = f"

(I1-z")x1x X +(0.0219z7 +0.0667z~ +0.0126z°)x Y =1

urenie stupiiov X*, Y’,ak: 4 X +BY =1

st(A)+st(B) > st(f*) -> podmienka plati, lebo 1 + 5> 0
st(X)=st(B)-1=5-1=4=X =x,+x2z  +x,z2° +X,2° +X,2
st(Y)=st(A)-1=1-1=0=Y =y,

4

(I—zYx(x, +xz7" +x,27 +x,27° +x,2 ) +(0.021927 +0.0667z " +0.0126z ) x y, =1

z ix, =1 x, =1
z7ix —x, =0 x =1
Z_Z:xz—xI:O x, =1
z7ix;, —x, +0.0219y, =0 x; =0.7836
27t ix, —x, +0.0667y, =0 x, =0.1245
z7 i —x, +0.0126y, =0 Y, =9.8814
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X =1+z"'+2z7+0.7836z> +0.1245z*
Y =9.8814

Y47 9.8814x(1—-2.0785z" +1.4373z7 —0.3307z")
X'gyg, (I+z7'+z7+0.783627 +0.1245z")x1x(1-z")

4.) Regulator: Gr(z) =

9.8814—20.5385z"" +14.202522 —3.2678z"°
1-0.2164z7° —0.6591z™* —0.1245z"°

Gr(z) =

5.) Diferen¢na rovnica regulatora:

uk) = 0.2164u(k-3) + 0.659 Tu(k-4) + 0.1245u(k-5) +
9.8814e(k) — 20.5385e(k-1) + 14.2025¢(k-2) — 3.2678e(k-3)

6.) Regulacna odchylka:

E(2)=A, X [~ =1x(1+z"+2z7+0.7836z" +0.1245z ) x1=1+z" +z7 +0.7836z +0.1245z~*

7.) Pocet krokov: k, =1+st(E)=5

A fY  (1-2.0785z7" +1.437327 —0.3307z ) x1x 9.8814

8.) Riadiaci zasah: U(z) = =
gogp 1x (1 —Z )

9.8814—20.5385z"" +14.202527* —3.2678z"°

-1

U(z) =

1-z
U(z) =9.8814z° —10.6571z" +3.5454z7> +0.2776z"> +0.2776z*
9.) Vystupna veli€ina:

Bf Y (0.0219z7° +0.0667z " +0.01262°)x1x9.8814  0.2164z° +0.6591z™* +0.1245z"°

-1 -1

Y(z2)=

1-z 1-z

Y(z)=0.2164z7 +0.8755z7* +1z7°

10.) Ustalené hodnoty:

lim y(¢) = lim z—1 GzxGr ~0.028083
o T 0 Gzxar )\ Z21) T 0.028083
lime(?) = hm -1 0 =
1= z 1+ Gzx Gr z— 0.028083

limu(t) = hm -1 Z = 0.007799 =0.2777125
10 z 1+Gz><Gr z—1) 0.028083

11.) Stabilita URO: CHRURO(z)= A;B* f* =(1+0.2025z"")(1-0.6487z"")(1-0.6789z"")(1-0.7509z")

Charakteristicka rovnica uzavretého obvodu ma len také poly, ktoré lezia v jednotkovej kruznice, takze URO je
stabilny.
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12.) Simulécia:

Pomocou silnej verzie algebraického regulatora sme dosiahli, Ze ¢as ustdlenia je 25,5 minut a proces nema
ziadne preregulovanie. Maximalna hodnota akéného zasahu je 9,8814. Aj z obrazku, aj z delenie vidiet, je
akény zasah je konecnéd postupnost’ — regulator drzi hodnoty medzi periédami vzorkovania (nevzniklo ani
preregulovanie ani kmity).

Silna verzia s obmedzenim akéného zasahu

Ciel’: realizacia akéného zasahu, ktory neprekroci predpisané ohranicenie |u| <v
Vyuzijeme vysledky zo silnej verzie (partikularne rieSenie), ktoré modifikujeme pomocou danej poziadavky.
X, =X +BH

, H(z)=hy+hz"+..+h,z"", hladdme H(z) s min. stupfiom
Y, =Y —(g4,)H

Vseobecné rieSenie:

Maximalny akény zésah je 9.8814 -> pouzijem 90%-n¢ obmedzenie |u| <89
Nech H=hy

Y, =9.8814—((1—z")x (1)) x h, =9.8814 = h, + hyz""

_AS” y - (1-2.0785z7" +1.4373z7 —0.3307z ) x1x (9.8814 — hy, + hyz") _

U(z2) , -

08, Ix(1-z 1)
~9.8814—h, +(3.0785h, — 20.538)z7" +(14.203-3.5 158h, Yz +(1 .71680h, — 3.2678)z — O.3307h02_4
B -z
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U(z)=(9.8814 —h,)z" + (2.0785h, —10.6566)z " +(3.5464 —1.4373h,)z > +(0.3307h, + 0.2768)z"

hy ur¢ime zo systému nerovnic:

-8.9 <=9.8814 —h0 <= 8.9

-8.9 <=2.0785h0 — 10.6566 <= 8.9
-8.9 <=3.5464 — 1.4373h0 <= 8.9
-8.9 <=0.3307h0 + 0.2786 <= 8.9

0.9814 <=h0 <= 18.7814
0.8451 <=h0 <=9.4090
-3.7248 <= h0 <= 8.6596
-27.7551 <=h0 <= 26.0702

h, €<0.9814;8.6596 >
zvolim si hy = 3.7804

X, =X +BH =(1+z"+2z7+0.7836z7 +0.1245z7*) +(0.0219z + 0.0667z* +0.0126z ") x h,
X, =1+z"+2z7 +0.8664z +0.3767z " +0.0476z
Y, =6.1010+3.7804z""

YA, (6.1010+3.7804z7")x (1-2.0785z"" +1.4373z7 —0.3307z )
g,8X, (- zYx(+z" +27+0.8664z7 +0.3767z"* +0.0476z7°)

1.) Reguldtor: Gr(z) =

6.101-8.9005z7"' +0.9114z7% +3.416z~° —1.2502z*
1-0.1336z7° - 0.4897z* —0.3291z7° —0.04762"°

Gr(z) =

2.) Diferen¢né rovnica regulatora:

u(k) = 0.1336u(k-3) + 0.4897u(k-4) + 0.3291u(k-5) + 0.0476u(k-6) +
6.101e(k) — 8.9005e(k-1) + 0.9114e(k-2) + 3.416e(k-3) — 1.2502¢(k-4)

3.) Regula¢na odchylka:

EG@) =4, X, f =1x(+z"+2z7 +0.8664z7 +0.3767z " +0.0476z ) x1 =
=1+z"+2z72 408664z +0.3767z"* +0.0476z°

4.) Pocet krokov: k, =1+st(E)=06
5.) Riadiaci zésah:

Uzy=b/ y _ (1-2.0785z"" +1.43732™ —0.330727) x1x(6.1010 +3.7804z™") _
) 1x (l—z_l)

ng

~6.1010-8.9z7 +0.911927% +3.4159z° —1.2502z"*

-z

U(z)=6.1010z° —=2.7990z~" —1.8871z 7% +1.5288z> +0.2786z* +0.2786z +...
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6.) Vystupna velicina:

Bf7Y, (0.0219z7 +0.0667z " +0.0126z ") x1x(6.1010+3.7804z") _
B -z B

~0.133627° +0.4897z7" +0.3290z +0.04762°

1

Y(z)=

1-z~

Y(2)=0.13362" +0.623327* +0.9523z7° +1z7° +...

7.) Ustalené hodnoty:

. . [z—-1 GzxGr z 0.028093
lim y(¢) = lim| X X = =1
1> Iz 1+ GzxGr z—1) 0.028093

N

lime() = 1@(

t—o z

-1 1 z 0
X X =0
z ) (1+GZ>< Grj (z—lj 0.028093

limu(r) = lim| 2= |« — 97 )y 2| 20007808 _; »779696
A= T S Ur Gaxer ) 2=1) T 0028003

8.) Simulacia:

Akénému zasahu sme predpisali maximalnu hodnotu 8.9 -> cas ustdlenia je v tomto pripade troSku vacsi,
30 minat a proces takisto nema ziadne preregulovanie (dosledok silnej verzie). Maximalna hodnota akéného
zasahu je 6.1010.

9.) Stabilita URO:
CHRURO(z) = A;B* f* =(1+0.2025z7")(1-0.6487z")(1-0.6789z")(1-0.7509z ")
Charakteristicka rovnica uzavretého obvodu ma len také poly, ktoré lezia v jednotkovej kruznice, takze URO je

stabilny.
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Feed-Forward riadenie

Priama vézba: G ,(z) = 5(2) Spitna vizba: G, (z) = _%
P(z) P(z)
.. i . gO0O+B S=1
Riesil som slabu verziu:
AX+B Q=1

(1-z)x0+(0.021927 +0.0622z *)x S =1

Pre prvu rovnicu som pouzil modifikovany Euklidov algoritmus (Jezek, Kozék)

g B- C | F | Red. q*z*-k t (o) S

1-z7'10.0219z7 +0.0622z* |1 |Y l+z'+2z72+0.7396z7 | 11.89061
B/A | —0.0622z7 |X/Y

1-z7"10.0841z 1 |Y l+z' +272 11.89061
B/A | -0.0841z2 |X/Y

1-z7"10.0841z7* 1 |Y 1+z! 11.89061
B/A | -0.0841z7" |X/Y

1=z7"10.0841z7" 1 |Y 1 11.89061
B/A |-0.0841 X/Y

1— "' 1-0.0841 1 |Y 0 11.89061
A/B [11.89061z7" |Y/X

1 -0.0841 1 |X 0 11.89061
C/B |-11.89061 Y

1 -0.0841 0 [X 0 0
B/A [-0.0841 XY

1 0 0 |Y 0 0

O=1+z"4z740.7396z"°
S =11.8906

Pre druhti rovnicu metddu neurcitych koeficientov:

(1-2.0785z7" +1.4373z72 —0.3307z ) x X +(0.0219z7 +0.0622z ") xQ =1

uréenie stupniov X, Q:

st(A)+ st(B~) >0 -> podmienka plati, lebo 3 +4 >0
st(X)=st(B )-1=4-1=3= X =x,+x,z ' +x,2 7 +x,2°
st(Q)=st(A)-1=3-1=2=0=¢q,+q,z" +q,z°

3

(1-2.0785z7" +1.4373z72 —0.3307z ) x (x, + X,z + X,z +x,2 ) +

+(0.021927 +0.0622z ") x (g, + ¢,z +¢,2z7%) =1
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0. —
z i1x, =1

x, =1
z:x, —2.0785x, =0 x, =2.0785
z7%: x, —2.0785x, +1.4373x, =0 x, =2.8829
z> :x; —2.0785x, +1.4373x, —0.3307x, +0.0219¢, =0 x; =2.4269
z™*: —2.0785x; +1.4373x, —0.3307x, +0.0219¢, +0.0622¢g, =0 q, =41.4802
27 :1.4373x, —0.3307x, +0.0219¢, +0.0622¢, =0 q, =—45.2954
27 :-0.3307x, +0.0622, =0 g, =12.9031
X =1+2.0785z" +2.882927% +2.4269z°
0=41.4802— 45295427 +12.9031z2
Schéma obvodu:
_—| 11,3006 uil
“Stepd w 142812 ba 303843 0107230 401424 u v
izcrete Fitter A Py 38 fo
e T £ | 7 440z 2534520 55280 25 il IB%{
ranzfer Fen Tranzport
41 4802445 2954 112 903122 uz vt rentl Delay [
142.2812" L2 3038242 0107230 401424 Sooped
Discrete Filter! >

1.) Regulatory:
00k 0@ (41.4802—45.2954z7" +12.9031z7%)
P(z) B'X(z) (1+0.2025z7")x(1+2.0785z"" +2.8829z7* +2.4269z7)

G,(2)=

41.4802—45.2954z7" +12.9031z°

G = _
n (@) 142281z +3.30382z 2 +3.0107z° +0.4914z™*

_S(z) _ S(z) 11.8906
P(z) B'X(z) (1+0.2025z")x(1+2.0785z" +2.88292 7> +2.42692°)

Gr2 (Z)

11.8906

G =
2(2) 142281z +3.30382z2+3.0107z" +0.4914z~*

2.) Diferenc¢né rovnice regulatorov:

Pre Gyi(2): u2(k) = -2.281u2(k-1) — 3.3038u2(k-2) — 3.0107u2(k-3) — 0.4914u2(k-4) -
41.4802y(k) + 45.2954y(k-1) — 12.9031y(k-2)

Pre Go(z): ul(k) = -2.281ul(k-1) - 3.3038ul(k-2) — 3.0107ul(k-3) — 0.4914ul(k-4) + 11.8906w(k)

uk) = ul(k) + u2(k) = -2.281ul(k-1) — 3.3038ul(k-2) — 3.0107ul(k-3) — 0.4914ul (k-4) + 11.8906w(k) —
2.281u2(k-1) — 3.3038u2(k-2) — 3.0107u2(k-3) — 0.4914u2(k-4) -
41.4802y(k) + 45.2954y(k-1) — 12.9031y(k-2)
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3.) Riadiaci zasah:

U(z) = S4, fe 11.8906x (1-2.0785z"" +1.4373z7 —0.3307z )
B'g, (1+0.2025z ")y x(1-z")
11.8906—24.71461z" +17.0904z > —3.9322z""

1-0.7975z" =0.2025z2

U(z)=

-> nie je konecnd postupnost’

U(z)=11.8906z" —15.2318z"' +7.3508z > —1.1543z7 +0.5679z* +0.2192z 7 +...

4.) Regula¢né odchylka:

E(z)=fx0=1+z"+27+0.7396z"

5.) Vystupna veli¢ina:

Y(2)=W(2)-E(2)=W(z)- fxO0(z)=(1z° +1z7 +..) =+ 2z +27+0.739627) = 02624z +1z* + ...
6.) Ustalené hodnoty:

lim y(¢) = im G, , = lim(B"$) = 1im(0.02192"* +0.06222"*)x11.8906 = 1

" 1.8906x (1-2.0785z" +1.4373z72 -0.3307z")

limu(t) =lim(l— 27" )xU(z) = (1—z""
limu() =lig{1 -7 J<U () =(1-27) (1+0.2025z ) x(1-z ")

=0.2778

7.) Stabilita URO:
CHRURO(z) = A;B* f* =(1+0.2025z7")(1-0.6487z")(1-0.6789z")(1-0.7509z ")

Charakteristicka rovnica uzavretého obvodu ma len také poly, ktoré lezia v jednotkovej kruznice, takze URO je
stabilny.

8.) Simuldacia:
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Pomocou FFW riadenia sme dosiahli, Ze Cas ustalenia je 24 min., a maximalne preregulovanie je 5% - to
vyplyva z toho, Ze rieSena slaba verzia nedrzi hodnotu medzi periddami vzorkovania — U(z) nie je konecna
postupnost’.
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