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Analyticky vypocet kritickych parametrov URO:
Kxr = g1(3i(k), bi(k), Tvz), Tkr = &(4i(k), bi(k), Tvz)

Postup riesenia ukazeme na priklade riadenia dynamického systému, ktory
mdzeme opisat diferenénou rovnicou 2. radu

Q uvazujme matematicky model dynamického systému vyjadreny
diferencnou rovnicou 2. radu:

y(k) = biu(k — 1)+ byu(k —2) — a1y(k — 1) — aay(k —2) (1)

3i(k), bi(k) su parametre systému, ktoré si bud nezname alebo sa
menia v Case
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Adaptivny STC-PSD regulator

@ dosadenim za u(k — i) = Kp[w(k — i) — y(k — i)] a prepisom DR do
z-oblasti pri nulovych poc&iato¢nych podmienkach ziskame prenosovii
funkciu URO:

_Y(z)  Gp(2)Gr(2) _ U@ _
Gy w(2) W =1 +PG p(z)RGR(Z)’ Gr(z) = E(z) [P
_Kp(br + b2)
T 24 bzt

Gy/W(Z) b=ai+bKp, c=a+ bKp

(2)

© analyza korenov charakteristického polynému URO D(z) v z-oblasti ak
predpokladame hranicu stability

D(z) =2° + (a1 + b1Kp)z + (a2 + b2Kp)

D(z) =2°> + bz + ¢ G)
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Adaptivny STC-PSD regulator

3a) CHP (3) ma dvojicu komplexne zdruzenych pélov z; » = oo £ j 3, pre
ktoré plati o + % = 1. CHP mézeme vyjadrit ako sacin korefiovych
Cinitelov
D(z) =(z = 21)(z — ) = (z —a = jB)(z — —a + jp)

4
D(z) =z —2az+a? + f° = 2 — 20z + 1 “

porovnanim vieobecného tvaru CHP D(z) reprezentovaného rovnicou
(3) s rovnicou (4), ktora reprezentuje predpokladany typ korefiov URO
pre hranicu stability dostavame:

c=l=a+bKp=1, ak Kp = KKR(TVZ)

1-a (5)
2+ boKir(Tvz) =1 = Ki(Tvz) = =~
b
a:_iz_al-i-blKKR(TVZ) - wKR:Larccosoz
2 2 Tvz
- (6)
Tkr = —
WKR
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Adaptivny STC-PSD regulator
n=a+jB, n=a—jB
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Adaptivny STC-PSD regulator

3b) CHP D(z) ma dvojnasobny realny pél z3 4 = o, 8 = 0. URO je na
hranici stability iba v pripade ak a = —1, @ = 1 neuvazujeme

D(z)=(z+1)? =2 +2z+1 (7)
porovnanim D(z) (3) s D(z) (7):
b=2,c=1
Vyuzitim polynomialnej rovnice pre n = 2:

z° {1+ a1z 4 apz? Kir(Tvz)[brz ! + b22_2]} =
=(z4+1)z(1+ flz_l)

a1 + Kkr(Tvz)bt =1+ A ag—ap—1
Kkr(Tvz) = —————
ay + Kkr(Tvz)b2 = # by — by
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Adaptivny STC-PSD regulator

3c) CHP D(z) ma rydzo-imaginarne pély zs ¢ = +j, a =0
D(z)=(z+j)(z—j)=2"+1 (9)
Porovnanim D(z) (3) s D(z) (9):

1—a

b= 0, c=1 = KKR(TVZ) = b2
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Adaptivny STC-PSD regulator
© odvodenie kritickych parametrov URO (Kkr(T.2), Tkr(3, B;, T.2)) s

;s =a+jb)

e Lt .. s
vyuzitim bilinearnej transformacie (z = ]
S J—

@ ®

R
(-1,0) 7L/4

4a) aby sme ziskali podmienky na hranici stability pre dynamicky systém s

P regulatorom v spatnej vazbe zavedieme bilinearnu transformaciu
s+1

Im

z=_——3 do charakteristickej rovnice URO (2):
Gy,w(z)=s*(L+b+c)+s(2—2c)+1—b+c=0 (11)
1
c=
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Adaptivny STC-PSD regulator

4b) rovnicu (11) mézeme riesit z hl'adiska stability z tedrie linearnych
systémov

Spojity linearny regulacny obvod je na hranici stability ak korene CHR
(11) lezia na Im osi komplexnej roviny s, t.j. a = 0.

4c) CHR sa modifikuje do tvaru: (s = j3)

— (1 +b+c)+jB2—-2c)+1—b+c=0 (12)
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Adaptivny STC-PSD regulator

Po rozdeleni (12) na reélnu a imaginarnu zlozku:

~B*(1+b+c)+1—b+c=0

13
B(1—1c)=0 (13)
1—32
01—-c=0=c=1— Kgr(T,,) = b
0 B=0=1—btc—0= Kug(T,s)= 221
by — by
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Adaptivny STC-PSD regulator

URO je na hranici stability, ak c =1, t.j.:
~B*(1+b+c)+1—b+c=0

—B(2+b)+2-b=0

I3
b—2
2 __
B —b+2—>TKR
(14)
Ten— on b Kkr + a1 +2
KR biKkr +a1 — 2
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Adaptivny STC-PSD regulator

@ Algortimus STC (PSD) regulatora

5a) v identifikagnej Casti algoritmu mézeme pouzit model ARX, kde
uvazujeme pre odhad parametrov vektor P(k):

PT(k) =0T (k) = [41, 3, by, o]
a pre vektor nameranych dat uvazujeme vektor z(k):

z(k) = ®(k) = [-y(k = 1), =y(k = 2), u(k — 1), u(k — 2)]
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Adaptivny STC-PSD regulator

5b) pre vypocet akéného zasahu PSD regulatora s vyuzitim Z-N metédy
vyuzijeme Takahashiho vztah:

u(k) = u(k = 1) + Kp[(y(k = 1) — y(k) + T(W(k) y(k))+

-
+ 7 (2y(k = 1) = y(k = 2) ~ y(K))] (15)
ro, Ti, Tp = f(Kkr, Tkr)
ro, Ci, Cp = f(Kkr, Tkr)

G T, B 3Kkr Tkr

K, =0.6Kxp — —: C =12K Cp =
P KR ™" KRT o' P 40T,

Kp = K; K,' = KC,'; KD = KCD
u(k) = u(k — 1) + Kply(k — 1) — y(k)] + Kilw(k) — y (k)] +
+ Kp[2y(k = 1) = y(k = 2) = y(k)]
LS 2015/2016 13 /19
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Adaptivny STC-PSD regulator

5¢) zaved me oznacenie:
d1 :y(k—l), d2 :y(k—2), d3 = U(k—l),d4 = u(k—2) (17)

Na zaklade oznacenia (17) mézeme zakon riadenia u(k) podla
Takahashiho (16) prepisat na tvar:

u(k) = Kldv —y (k)] +Kilw(k) =y (k)] + Kp[2dh — do — y (k)] +d3 (18)

(v algoritme STC_PSD problém nastane ak by = 0 a tiez ak by = 132)
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Algoritmus STC pre krok k pri uvazovanej periéde vzorkovania (pre k-ty
krok):

o

o

©00O0

odhad parametrov modelu procesu ARX P(k) = {3,-5,-} (metéda
RMNS) - vid prednaska 8

vypocet kritického zosilnenia Kxgr(T,,) a kritickej periédy kmitov
TKR(TVZ) (Vid’ VD), ak b2 =0= b2(k) — bg(k — 1)

aka< -1=a=-1la>1=a=1

nakol'ko musi platit o = —g <1

vypocet parametrov PSD regulatora K, K;, Kp podla (15)
vypocet zdkona riadenia u(k) podla (18)

obmedzenie u(k) vzhladom na rozsah akéného élena

cyklickd zamena dat v regresnom vektore z(k):
dy < d3, dr di, d3<+ U(k), dy + —y(k)

LS 2015/2016

15 / 19



Adaptivny STC-PSD regulator

VD pre vypocet parametrov PSD regulatora pre proces druhého radu:

vypocet krit.
parametrov URO

Kpl :(1-(12)/172
K,=(a-a,-1)/(bb) K
b = bIKp1+a1
c = szp1+a2
d=b*" jc
w, = (1/T,) arcos a
TKR = 2H/wk

KKR (_I{m KKR {_sz
TKR (_21:/2 TKR (_ZTVZ

: F——
Y
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Adaptivny STC-PSD regulator

Schéma STC algoritmu implementovaného v prog. prostredi

MATLAB/SImulink:

Band Limited Naise fitration1
White Noise1
5
24556
Controlled process1
uc) u_inik) -
y (k)
Saturation1 1B params wik)
adaptve zn2tak

ID parametersi

Qutputi

Stepl
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Adaptivny STC-PSD regulator

Priebeh riadiacej a regulovanej veliCiny pre systém:

FP(S) = 52 T

5

5546

Results of STC algorithm
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Adaptivny STC-PSD regulator

Priebeh identifikacie parametrov pomocou STC algoritmu:

Identification of parameters
20 T T T
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