EL1000/1120/1110 Reglerteknik AK

Forelasning 11:
Implementering



Innehall

e Tillstandsaterkoppling med observerare (rep.)

e Kaskadkoppling, framkoppling och Smith-
orediktorn (rep.)

 Implementering



Tillstandsaterkoppling med observerare

lor U Yy
_‘T_I_’@ I System T
~ ' (

I I
b~
&

Observator

(z) _ (A ~BL f?{@) (i) + (ﬁ) lor
y=(C 0) (g)
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G.(s) samma som vid enbart tillstandsaterkoppling!



Kaskadreglering

e Kan mata "mellansignal” z
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e Valjinre regulatorn F, sa att z(t)=z,(t) (gor inre
loopen tillrackligt snabb)

o Ger forenklat reglerproblem for yttre loopen:
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Framkoppling

e Kan mata storsignal v
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 Derivator | Ff(s) maste approximeras



Smith-prediktorn

e Antag vi kanner tidsférdrojningen T
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e Designa F saatt Ge= X GF blir bra (PID, etc.)
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Implementering
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e Hur forverkliga sambandet mellan e(t) oc

— Analogt: mekanik, elektronik, pneumati
Signaler representeras av spanning, tryc
— Digitalt: programmering.
Signaler representeras av tal i en dator.
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Centrifugalregulatorn

 Mekanisk P(l)-regulator
e James Watt, 1788
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Varfor digital implementering?

e Fordelar:

+ billigt

+ flexibelt

+ kan realisera komplicerade samband

e Nackdelar (ty tidsdiskret arbetssatt):
<+ maste appoximera F(s)
— kan ge samre prestanda
= kraver speciell teori




Hur ser den digitala implementeringen ut?

____________________________________________________



Demo: Wireless Inverted Pendulum

& <« Controller <«
s | Uy Yt —rse

PC

« Sampling period of 25ms (Real-Time Control)
e Delay of 50ms
e Controller = Linear Quadratic Controller and Kalman Filter
e System is of 4th order where the states are:
—Position and velocity of the cart
—Angle and angular velocity of the pendulum



Wireless Inverted Pendulum
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Hur ser den digitala implementeringen ut?

____________________________________________________



Aliaseffekt
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— Signal med frekvens w = 2.57 uppfattas som signal med
frekvens w = 0.57!



Digital implementering. Exempel

e Sampeltid T = 0.3s

styrsignal u:

11

10F

= - =] L] Y o [=;] =] (=] L1
T T T T T T T T - -

digital

kaontinuerlig -

tid [s]

10

utsignal y:

1_

0.8
0.6
=

I
0.4F fr
|

0.21

0

1 1 1 1
0 2 4 B 8

10



Digital implementering. Exempel

e Sampeltid 7 = 1.5s

styrsignal u:

12

=%
(=]
-

1
L=2]

\

1 1
f =9 [ &) = (] E =Y [=2] [e-]
T T T T T T T

10

utsignal y:
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Digital implementering. Exempel

e Sampeltid T = 2.0s

styrsignal u: utsignal y:
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