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Funkcje dla modeli LTI (wywotywane z linii komend) — Matlab+Control:

* [tiview(obiekt LTI) — okno pt.: LTI Viewer”

* pidtune(obiekt LTI, typ regulatora) — nastawy na ekranie

. — okno pt.: ,Control and Estimation Tools Manager”, (oraz ,SISO Design”, ,LTI View”)

Interaktywne interfejsy uzytkownika wspomagajace projektowanie - Matlab

Linear Analysis Tools A
 okno pt. ,Linear Analysis Tools” ., SCD/2.2
» moduty: Matlab + Simulink + Simulink Control Design + Control
* wywofanie:
-schemat — Tools — Control Design — Linear Analysis
PID Tuner

— PID_Tuner

* okno pt. ,PID Tuner”

» moduty: Matlab + Simulink + Simulink Control Design + Control

* wywofanie:

* blok PID (Simulink/Continues) — okno parametrow bloku — PID Tuner
— SCD/2.1

« okno pt. ,Control and Estimation Tools Manager” (oraz ,SISO Design”, LTIl View”)

» moduty: Matlab + Simulink + Simulink Control Design + Control

* wywotanie:

- schemat — Tools — Control Design — Compensator Design — okno Control and Estimation Manager — Tune Block
Response Optimization

« okno pt. ,Response Optimization” — SDO
» moduty: Matlab + Simulink + Simulink Optimization Design + Optimization — SDO
« wywotanie: — SCD/1

- schemat — Tools — Response Optimization

- blok Check ... (Simulink Optimization Design) — okno parametrow bloku — Response Optimization
Check Against Reference, Check Custom Bounds, Check Step Response Characterisitics

- blok Check ... (Simulink Control Design) — okno parametrow bloku — Response Optimization
Check Bode Characteristics, Check Gain and Phase Margins, Check Linear Step Response Characterisitics
Check Nichols Characteristics, Check Pole-Zero Characteristics, Check Singular Value Characteristics 2



Narzedzia wspomagajace projektowanie - Matlab

Matlab Product Family:

Matlab — 9540 §
Control System Toolbox 4 500— 2
System |dentification Toolbox 4 500
Robust Control 8 460
Model Predictive Control 3 8 460
Optimization Toolbox ~ 4 500
Neural Network Toolbox 4 500
Fuzzy Logic Toolbox 4 500

Simulink Product Family: -

Simulink 14400 —| &
Simulink Control Design (wymaga Control ST) 4 500 — SE
Simulink Design Optimization (wymaga Optimization T) 4500 — =

Lic. komercyjna, 1 stanowisko, netto (2011r.)



Matlab + Control

» modele (transfer function, state-space, pole-zero-gain, frequency-response)
» konwersje

* potgczenia (series, parallel, feedback, ...)

» funkcje (step response, Bode, Nyquist, ..)

» metody projektowania (Root locus, Bode diagram, LQR, LQG, ...)

* narzedzia interaktywne
* Itiview
* pidtool

* sisotool, sisoinit

SISO Desgin

help control



Matlab + Control

LTI Viewer
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Wywotanie z linii komend: Itiview(obiekt LTI)
Analiza obiektéw LTI (linowych, stacjonarnych)




Matlab + Control _

regul = pidtune(obiekt, typ_req)

[regul info] = pidtune(obiekt, typ _reg)
obiekt= model tf, ss, zpk, np.: obiekt=tf(1, [1 1])
typ_reg = ('p', ', pi', 'pd’, 'pdf', 'pid', 'pidf’)

regul= Kp + Ki* 1/s
with Kp=0.473, Ki=1.6
Continues-time Pl controller in parrallel form

info= Stable: 1
CrossoverFrequency: 1.1237
PhaseMargin: 60.0000

[regul info] = pidtune(obiekt, typ_reg, opcje)

opcje = pidtuneOptions('CrossoverFrequency',1.2,'PhaseMargin',45);
[C info] = pidtune(obiekt,typ reg, opcje)

Wywotanie z linii komend: pidtune(obiekt LTI, typ_reg [,opcje])
Wspomaganie doboru nastaw PID



Matlab + Control
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Projektowanie wybranego uktadu regulacji dla obiektu LTI (uktad SISO)
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Matlab + Simulnik
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Matlab + Simulnik + Simulink Control Design + Control
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Matlab + Simulink + Simulink Control Design + Control
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Matlab + Simulnik + Simulink Control Design + Control

Control and Estimation Tools Manz
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Matlab + Simulink + Simulink Optimization Design + Optimization Response
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Przykiad 1: obiekt = 1/(s+1), regulator = Kp + Kils

State Attributes - \

blok PID + Tune

File Edit WView Display Diagram Simulation Analysis  Cf| Main PID Advanced | Data Types
v = y 3 Controller parameters
: L == - | Proportional (P): 1
PI_rzl

= Compensator formula
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Hide parameters 4m

Controller parameters

Tuned Block
P 0.47319 1
I 1.6046 1
D
M
Performance and robustness

Tuned Block
Rise time 1.3 seconds 2.2 seconds
Settling time 4,34 seconds 391 seconds
COwvershoot 116 % 0%
Peak 112 I
Gain margin Inf dB @ MaM rad/s Inf dB @ MaM rad/s
Phase margin 60 deg @112 rad/s 90 deg @1 rad/s
Closed-loop stability Stable Stable
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Przykiad 1: obiekt = 1/(s+1), regulator = Kp + Kils

[
[
o

[N LI % R
1

W om -1 @y
1

close all, clear all
a=tE("3a");

Kl=1; T1=1;

G1=K1l/ (T1*3+l);

[C,info]=pidtune (&l, 'pi")

— -
=L

$Kp=C.Kp; Ki=C.Ki: R=Kp+Ki/a;

Gzl=Ffeedback(G1*R,1);
atep(Gzl);

atepinfo(Gzl), %allmargin(G1*R) ﬁ

1.3posob

.3po3oh

info

funkcja pidtune

b
B Figure1 =N [E=H(E
File Edit View Inset Tools Desktop Window Help
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Step Response

Continuous-time PI controller in parallel

1

Kp + Ki * -——

wit* Ep = 0.47315%, Ki = 1.6804&

info

ans
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Stable: 1

CrossoverFrequency: 1.1237

PhaseMargin: &0.0000

RigeTime: 1.3003

SettlingTime: 4.3377
SettlingMin: 0.9053
SettlingMax: 1.1158

Overshoot: 11.5817

Undershoot: 0

Peak: 1.1158
PeakTime: 2.7063
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Przykiad 1: obiekt = 1/(s+1), regulator = Kp + Kils sisotool

a=tf('a"}):
F=1/({1*%3+1);

Kp=1; Ki=1;:
B=Kp+Ki/a;

Architecture | Compensator Editor GraphicatTuninglAnahrs's Plots| Automated Tuning

§Gz=feedback(G*R,1);
sisotool (G,R)

'l

Design method: EE.IF?._THHWE. )

Compensator

=1.6046*0.29 + 1.6046/s
= 0.465334 + 1.6046/s

Specifications
Tuning method: {-Rubwst response time v
Design options
Controller Type: & P &1 @ PI ] = PID
Design with first order derivative filter

Design mode: .Aummatic {balanced performance and robustness) - '

’ Update Compensator

Show Architecture ” Store Design ” Help ]
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Przykiad 2: obiekt = 1/(10s+1)*exp(-s), regulator = Kp + Ki/s

*[PLrilto_btm x|

L gy =

1‘-.-
2_

B ) o N e W
|

s=tf("'s"):

G=1/(10%=2+1) *exp(-13):
Fp=l: Ki=1l:

R=Kp+Hi/=;

[C info]= pidctune(G, 'pi')
B=C;

Gz=feedback (G*R, 1) :

step (Gz)

stepinfo (Gz)

Command Window

'l

==

Hp + Ki * ===

with Ep = 0.552, Ki = 0.141 |

Continuous-time PI controller in

info =

ang =

fx -

Stable: 1

CrossoverFrequency: 0.1049
PhaseMargin: €0.0000

RiseTim=: 3.2878

SettlingTime: 71.4931

SecclingMin: 0.6121
SecclingMax: 1.6382
Overshoot: 63.8171
Undershoot: 0
Peak: 1.6382
PeakTime: 9.5895

| File Edit View Insert Tools Desktop Window Help >

DEde | k|A0BEL-(3|0E D
5 Step Response
£ T o

funkcja pidtune

s=tf({'s"):

G=1/ ({10*=+1) *exp (-=) ;
Gp=1/(10*=3+1) *pade (exp (-3} ,1);
Kp=l; EKi=1;

R=Kp+Ki/=;

¥Matlab > RZ010b

[€ info]l= pidtune (G, 'pi') BR=C;
Gz=feedback (G*R,1):

atep (Gz)

stepinfo (Gz)

fzawaze

[C info]l= pidtune (Gp, "pi’ R=C;
Gz=feedback (Gp*R, 1)

step (Gz)

stepinfo (Gz)

1
Kp + Ki * —--
-

with Ep = 0.61518, Ki = 0.15101

infa =

Stable: 1
CrossoverFrequency: 0.1110
PhaseMargin: &0.0000
ans =

RiseTime: 3.3021
SecclingTime: 71.3813
SectlingMin: 0.6148
SectlingMax: 1.6368
COvershoot: 63.6762
Undershoot: 1.8514

Peak: 1.6368
FPeakTime: 9.7800

-
e
-
B
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Przyktad 2:

obiekt = 1/(10s+1)*exp(-s), regulator = Kp + Ki/s

ram

=]

€
=

blok PID + Tune

[ PID Tuner (PLrz10to/PID Controller)

| ®, 8 Q-'}"| %% P Design mode:iTime domain x

Form: Parallel  Type: PI

Simulation Analysis Code Tools Help - rar ;
T = Main | PID Advanced | Data Types | State Aftributes 5
o v = = = ® v |140 | Marmal
G S — | Controller parameters
LE T Proportional (P): 1 = Compensator formula
Integral (I): 1
P+T 1 |
Tune =
-+
I _ o P e —pﬁ%{ 1 L
= 105+1 = -
= Ad oo Cobole TroderFon. Trensport Scope | Initial conditions ‘
Delay ik

d
Plot: Ep A Response: {R&{e:ence tracking = I Show block response Hide parameters 4m
|
18 . : . - ; : Controller parameters
; i i ; i i Block
151 1] et et R Hisst s s TERE R TR g =
L. : : : : ; : P 1
R Hemrepnns e e benemeranre b -4 1
Vo2 i : : E : D
. LR T, T Ty e —— E— — A—— 4 n
- o ' e N s
% _ i G : : : Performance and robustness
i el e ’; """""""""""""" ;L """"""" ;L """"""" % """""" n Tuned Block
i, [ R (P R 15 ___________________________ Er _____________ Er _____________ i ____________ o Rise time 13.2 seconds 3.29 seconds
! ! I ! Settling time 45.6 seconds 71.5 seconds
v I . S ___________________________ _____________ _____________ ____________ _ Overshoot 105 % 638 %
{ ! i f Peak 11 1.64
V5 L . | I L S N (A t.-..| — Biockresponse |l Gain margin 284 dB @ 147 rad/s 14 dB @ 0.798 rad/s
‘ ; ; ; Tuned response Phase margin 60 deg @ 0.105 rad/s 17 deg @ 0.316 rad/s
0 ' ' ! ' Closed-loop stability Stable Stable
0 20 40 &0 oo 100 120 140
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Przykiad 2: obiekt = 1/(10s+1)*exp(-s), regulator = Kp + Ki/s

s=tf('=a'}:
=1/ (10%s+1) *exp(-8) ;

sisotool

Model time delays are approximated in the root locus plot. View or modify
approximation settings here.

GELf A T ) M pade Ao xp ] =k, 16 5 4\ 5150 Tool Preferences = O *

KEp=1; Ki=1;
BE=FEp+Ei/=:

Faproksymacija automatyczZnag
gisotool (G, R)

taproksymacja reczna
gisotool (Gp, R)

W Control and

Spedify the Pade approximation order for tools that do not support
gystems with delays.

(®) Pade ﬂrderi

Estimation Tools Manag

| Style I Options I Line Colars |

Approximation

File Edit Help

S H|9 ™
: : Erkspace Architecturel{:umpensatar Editor GraphicalTuninglAnai;.rsEs Plots | Automated Tuning
=

I-E‘ Design History

Design method: i__F_’_I_I;}_THﬂiﬂg x|

Compensator

=0.14064*3.9 + 0.14064/s
= 0.548496 + 0.14064/s

1+ 3.9z
014064 x ———
[

lc - |

L d

Specifications

Tuning method: iﬂubust response time -

Design cptions

Controller Type: P 1 @ PI =1 PD & PID

Design with first order derivative filter

Design mode: lhutamatic (balanced performance and robustness) - ]

| Update Compensator |

Show Architecture ” Store Design ” Help ] 1




