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Ladenie riadiacich systémov
« Ladenie na zaklade linearizace « Ladenie na zaklade optimalizacie

— ,know-how" linearna teodria regulacie — pracuje s nelinearnym modelom

 stabilita systému, metriky, metody ladenia » optimalizacie chovania na nelinearity

— SISO, MIMO — SISO, MIMO

— ladenie v Casovej aj frekvencnej oblasti — lubovolna pouzivatelske kritéria

— metody pre robustny navrh

— nezavislé na konkréthom experimente — zavislé na konkrétnom experimente

— rychlost — nie su k dispozicii analytické zavery

— vypoctovo narocné
— obmedzena platnost linearneho modelu

— nutné overit' s nelinearnym modelom « Mozna kombinacia oboch pristupov
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Linearny system vs. nelinearny system
Linearni systém Nelinearni systém
30 T T T T T T 30 T T T T T T
25 / . 25 2
20 f . 20 -
o 151 o 151 -
= =
2 2
- f | - |
5t - 5t -
0 0F -
5 ' 5
1 0 1 2 3 4 5 6 1 0 1 2 3 4 5 6
Vstup Vstup



P
B 7

£ HUMUSOFT

Linearizacia modelu

Linearizace
30 | ;

s Nelinearni systém

» Linearna aproximacia chovania vo .|| © Pracomibed
zvolenom pracovnom bode Linearizovany systém

— nahrada plati iba v okoli pracovného 207

bodu

15 -

Vystup

« Nastroje pre linearizaciu

10 -

— graficka aplikacia Model Linearizer

— sucast nastrojov pre ladenie

* PrecCo pouzivat linearnu or
aproximaciu?

— Jednoduchost Vstup
— funkcie pre analyzu chovania systemu

— nastroje linearnu teoriu riadenia
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PID regulator t de(t)
u(t) = Kye(t) + Kij e(t)dt + K, o
0
« 3 komponenty:
L, 1
* P proporcionalna - Kp U(s) = C(S)E(s) —E)r="Hgt+Hr—iTtgs
S
— akcny zasah umerny odchylke
: _y . 1 S
* | integracna - Ki C(s) =K, +K;- _|_ K,
: : » TfS +1
— ,Zachytenie minulosti
— odstranenie trvalej (malej) odchylky S~
ke >
* D derivacna - Kd
— ,predikcia buducnosti® >_. ! @)
— akCny zasah umerny rychlosti zmeny odchylky ° J .

dalSie nastavenia: saturacie zasahu, anti-windup —"@—’ Tt

7 https://www.mathworks.com/videos/series/understanding-pid-control.html
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Ladenie PID regulacie

Pre jednosluckovu PID regulaciu

— viacero slucCiek ide ladit jednu po druhej

* Vyuziva linearizaciu sustavy

— mozna volba pracovneho bodu

Graficka aplikacia PID Tuner

— ladenie na zaklade prechodovej odozvy

Frequency Response Based PID Tuner

— pre sustavy, ktoré nejde linearizovat

Integrovana identifikacia systému

— fitovanie prenosovej funkcie z |/O dat

Plant:

Plant~

PLANT

PID TUNER

Type: PIDF

Form: Paralel

Edl Add Plot >

L Inspect @ Options

CONTROLLER

Domat

DESIGN

@
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PID 1dof (mask) (link)

This black implements continuous- and discrete-time PID control algerithms and includes advanced features such as anti-windup,
external reset, and signal tracking. You can tune the PID gains automatically using the Tune..." button (requires Simulink Control
Design).
Controller:  PID ~ | Form: |Parallel
Time domain: Discrete-time settings
® Continuous-time
Sample time (-1 for inherited): 1
O Discrete-time
¥ Compensator formula

pirlip N
514N
E

Main  Initialization Qutput Saturation ~ Data Types  State Attributes
Controller parameters

Source: |internal

Proportional (P):

Integral (I): |1
Derivative (D): |0

Use filtered derivative

Filter coefficient (N): |100

Automated tuning e |

Select tuning method: | Transfer Function Based (|

Enable zero-crossing detection

‘When you click Tune, two rounds of simulation run to:

Ep signals during the specified fime frame
dc gain from the experiment
se margin at the target bandwidth

s ey 9 B b
Reset  Show  Update
@ [ s3] =

— Transient Behavior Robust Design Parameters | Block _ | (remove disturbances)
TUNINGTOOLS RESULTS

Data Browser

Amplitude

o
®

o
>

o
=

0.2

| Step Plot: Reference tracking

stable

Duration (ispan)

Step Plot: Reference tracking

T T T T T Step amplitude (Astep)

Tuned response
Block response

() 1 simulation

C) Has single integrator

100

Target phase margin (degrees)

To MATLAB

3
Time (seconds)

Controller Parameters: P = 062, | = 7442, D = 0, N = 100




Ukazka: Regulacia hladiny s PID Tuner

W

» Madoba_rizeni_PID_tuned - Simulink

SIMULATIOM DEBUG

I:II:’I:I 3 Open ~ 1
EE
E Save -

MODELING

FORMAT

E Stop Time
Signal ¥ ||| Normal v ]

4 ™

> 2

New Library Step Run Step Data
~ (4 Print - Browser Table H@ Fast Restart Back « - Forward Inspectar
FILE LIBRARY PREPARE SIMULATE REVIEW RESUL..
Madoba_rizeni_PID_tuned B
©® |[a|Nadoba_rizeni_PID_tuned
@ h
Nastaveni PID tuner Model vytoku z nadoby Zadana hodnota:Value 1
IEI Transient Behavior = 0.9 (Robust) 05
Response Tme=5s= 0.4 ", 08 0.8
— 0.3 07
- v 0.8
0.005 ] 0.2 0.8
Zadana hodnota . ] D
- . FID regulator il 0.7
wirEky hladiny e —— 0.1 0.8
| \ i VI 0 1 0.6
wenftil
O 0.5
i PID
e
Zadana Wystupni ventil:Gain 0.4
hadnoia 04 9% os 0.3
03 F 07
0.2
0z 0.8
0.1
a1 0.8
a 1 e
Vizualizace ve 3D
oo
M—D Voda.s¢ale Ql A
M—D Voda.translation 3
T Pritok scale b
P [Q3)—eK= = Vytok scale '
» .
Ready 100% VariableStepAuto

&
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Navrh a ladenie vSeobecnych riadiacich struktur

PY Véeo becn é S I S O S I u ék 4\ Control System Designer - Bode Editor for Open Loop 3 — [m} *
y CONTROL SY'STEM BODE EDITOR @ L”g & @ % & % .‘i‘
8 funkcie, ZPK, SS, PID e Bl o B Ben s B8
- prenosove Un Cle, y y Open  Save Edit Multimodel Tuning MNew  Store Retrieve Compare Update  Preferences
i i Configurati hd Plot = - Blocks
FILE | ARCHITECTURE |TUNING METHODS |ANALYSIS | DESIGNS | SIMULINK | PREFERENCES |
~ r u . V4 . V4 Data Browser ® | Bode Editor for Open Loop 1 | _J Bode Editor for Open Loop 3
® Vyu Z I Va I I n ea rl Za CI u S u Stavy w Controllers and Fixed Blocks B ! Open-Loop Bode Editor for Open-Loop 3 (L3}
scdaifframectrl_az_Centrol_az_DTF 50 Open-Loop Bode Editor for Open-Loop 1 (L1) &= 0
scdairframectrl_az_Control_az_Gain E- 100 \
v L4 bl L4 scdairframectrl_g_Centrol_g_Gain g 50 | G.M.: =22
— mozna volba pracovneho bodu N s R
I e et — - = Stable loop
u V4 w Designs = _BB
» Ladenie systemu m |
: 50 b 270 |P.M.:64.7 deg
G.M:317dB B 1 | Frea: 546 radis
. . ’ . Freq: 3.78 rad/s B - 100 T
— algoritmy pre automatickéeé ladenie — e
-100 | T_StepAz2AirframeModel_pt1_: step |
¥ Responses 360 I s R '
rafi Cké Iad e n ie T_StepAz2AirframeModel_pt1_ E:q ;E;g;:lgdfs sm: scdglirframectrI.-'Stept:z?‘l Te:ggdn:r‘r!ramectrl.-'ﬁ\irrrame ]
— 0 L 1 o
g Crenony? R
Open Loop 3 ‘;‘“ 0.8
1 4 . ~n J 4 % L]
— analyza grafmi v r6znych doménach — L o e
E 0.4
J 4 r J 4 r
— manualna uprava polov a nul
Frequency (rad/s) DD 2 4 6 a 10 12 14
[

Graficka aplikacia
— Control System Designer

10



Ukazka: Regulacia hladiny s Control System Designer

W

» Madoba_rizeni_PID_tuned - Simulink

SIMULATION DEBUG MODELING
3 Open ~ 1 Stop Time -_ Cm
ats = Ei = | d @& 1P i
ave w ) - -
New Library Signal e Step Run Step Data
~ (4 Print - Browser Table H@ Fast Restart Back « - Forward Inspectar
FILE LIBRARY PREPARE SIMULATE REVIEW RESUL..
Madoba_rizeni_PID_tuned B
® Nadoba_rizeni_PID_tuned -
Nastaveni PID tuner Model vytoku z nadoby Zadana hodnota:Value 1
IEI Transient Behavior = 0.9 (Robust) 05
Response Tme=5s= 0.4 ", 08 0.8
— 0.3 07
- v 0.8
0.005 ] 0.2 0.8
Zadand hodnota PID ato x » (I a7
virgky hladiny reguistar — 0.1 0.8 :
| \ = Vaiup!ni a 1 0.5
wenftil
O 0.5
0.7
PID(z)f |
Zadana Wystupni ventil:Gain 0.4
hadnoia 04 9% os 0.3
03 F 07
0.2
0z 0.8
0.1
a1 0.8
a 1 e
Vizualizace ve 3D
oo
M—b “oda.scale Q A
M—D oda.translation } dh
(& -—H—P K> =] Pritok scale h _df = kl{Ql - k2 \/f_';)
P [Q3)—eK= = Vytak.scale '
S % Qz
o .
Ready 100% VariableStepAuto
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Ladenie systemov s viacerymi vstupmi a vystupmi (MIMO

e E=GIC)

* Lubovolna struktura riadiaceho systéemu @ oo =@

Blocks Options ~ ~
TUNED BLOCKS TUNING GOALS OPTIONS  TUNE

Data Browser @[5 | stepRespReq 3t | [ MarginReql | | Marginkeqz

« , . « . v Tuned Blocks
ct_helico_SOF MarginReq1: Disk-based stability margir | MarginReq2: Disk-based stability margi
— Spoicene ladenie VSelKyC 'VKOV Presp e Tage oo o e g g”
rct_helico_ P12 From: theta-ref From: phi-ref From: r-ref g g
g k=
2 X
v Tuning Goals g% g2
. " /4 . /4 " L] /4 L StepRespReq 2 < IS
— lIneariZzacla modeiu a neniadka Optlllla IZacCla : -
MarginReq?2 = =0 = .0
Polckeq g 100 é‘ 100
v Responses B & B &
g & g 60
1
[ V4 [ [] y r [ r ny 2 @
© 40 @ 40
° 0.8 S T
o 100 10%
o= == e L = Leacle)
Elg 0.4 [ Polerea |
<
02 PoleReq: Closed-loop pole location
\V4 [ \V4 [ ] 5 )
v 076" 064, 05 034 016
— V Casovej a Irekvencnej o asti <o " ¢ =l
1 = d e i
Tunsble Block 4 ) . - . R E
Name: ret_helico_PIL 0.8 5 0:94 . e - : !
Sample Time: 0 g
. 06 @ 0:985./ a e
. , . o Value: L = e GOL..80L 40 307200 ags
— kriteria stabillit 5 "
s 0.2 = e b =
= 094 B *
with Kp = 1.05, Ki = 2.07 0 g A R i
g 0:86 .
0 2 4 6 8 0 2 4 6 8B 0 2 4 6 8 i §
Time (seconds) 0.78- 0647 057034 016

" y L Y 4 L] i
o 60 50 40 30 20 10 0 10 20 30 40
Danl Avin (annnnda-hh
1) Tuning completed. View ‘Tuning Report’

— Control System Tuner

Roloff filters

Distilation Column ¢

thetarot

et

Two-loop autopilot for controlling the vertical acceleration of an airframe rrel
Setpaint
+ commanas

hota
ohi
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Ukazka: Riadiaci system 3x Pl a stavova spatna vazba

PL ret_helico - Simulink - O *
SIMULATION MODELING FORMAT
3 Open ~ i) Stop Time | 10.0 (o
o s o = ] d @& > 2
MNew ave Library Signal @ Step Run Step Data
~ (= Print ~ Browser Table H@ Fast Restart Back « - Forward Inspectar
FILE LIBRARY PREPARE SIMULATE REVIEW RESUL...
rct_helico s
® rct_helico -
&
) Roll-off filters
o
= >
Q AR Q s+40 |d
theta-ref m ‘ 1] ‘ rollof 1
— - —a b
+ Pl(z) —b@—b 40 > :-‘"\"‘: >
O . ; ; s+ : I
phi-ref P2 roll-off 2
- Y |
l—. '/)—b Pi(s) > 40 Helicoptar 'I >
T i Q‘ s+40 |41 b
roref FI3 reil-off 3 .
Setpoint "
commands
'] Helicopter
L ! l‘r zaros(3, 5 uvec response
SOF
theta
[
phi
5] r
» || =
Ready 100% oded5

&
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Ladenie na zaklade optimalizacie

* Vyuziva nelinearny model v Simulinku
— nastavenie podmienok pre zvolené signaly g R il

« Lubovolna struktura riadiaceho systému = o =
— vyber parametrov pre optimalizaciu giif T

* ROzne optimalizacne algoritmy e M

» Podpora paralelnych vypoétov - B A ™ B

« Response Optimizer

— graficka aplikacia pre nastavenie a ladenie

14
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Ukazka: Ladenie so zahrnutim vplyvu neznamych parametrov

15

"+ Nadoba_rizeni_PID_SDO_simple - Simulink

@

£ THUMUSOFT

SIMULATION DEBUG MODELING
[ Open =~ ) Stop Time % faw) U
o &8s = e & b A
ave . ~ ||| Normal ~ = ~
MNew Library Step Run Step Data
v IE Print = Browser @ Fast Restart Back - v Forward Inspectar
FILE LIBRARY PREPARE SIMULATE REVIEW RESUL..
Nadoba_rizeni_PID_SDO_simple fricizi|
@ Nadoba_rizeni_PID_SDO_simple A
-
{CH Model vitoka z nadoby
3l =
= 005 1| REsPONSE GPTIMIZATION
N x 4 5 -
Zadana hodnota — [+}] = dhide ] — S
vizhy hladiny (T | et » | B @y & Design Veriables Set Designtirs ~ o B bl [ © [>
ol wentil a2 Cpen Save @ Select Evaluate Uncertain Varizbles Set: UncVars = / Sensitivity EaimleE Add Plot  Plot Model | Options | Optimize
Session = Session = Requirements Analysis ~ DesignVars v ~ Response - -
JQ_’ AT T f FILE REQUIREMENTS VARIABLES PLOTS OPTIONS | OPTIMIZE
u Data Nadoba'_rizeni'_PID\_SDO\_simple/Integrator: 1 DesignVars
wd 0.0044DesignVars
DesignVars
Wystupni k2 Reqvalues Nadoba_rizeni_FID_SD0_sir &, {=] " &1, € {1} 20 g
Q2] enti Sig 0 - ——Kd
StepRespEnvelope 0 P “—Ki
UncVars el 16 ¢
b 14
0706
Ready 100% —n - B
$o704 ! = 10
2 >
o702 8
F————t
Preview 07 g
- 4
05698
2
0695 0
0 50 100 0 2 4 6 8 10
Time (seconds) lteration
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Control Design Onramp with Simulink

» Bezplatny kratky kurz o zakladoch
linearnej analyzy a navrhu riadenia

* |Interaktivne cvic¢enia

 Automatizované hodnotenia a okamzita ;
spatnavazba e

* Pristup online alebo zo Simulinku

* Obsahuje temy: e

— Linearizacia nelinearnych sustav

— Bezna linearna analyza

— Spatnovazbové riadenie

— Automaticke ladenie PID regulatora

16
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Control System Design with MATLAB and Simulink

Zrucnosti v oblasti navrhu riadiacich systémov

| Control System Modeling Essentials
3 hours
‘ / Linearization of Nonlinear Systems
= 1.5 hours

Control System Analysis Techniques
3 hours

Obsahuje téemy:

= Modelovanie riadiaceho systému
= Linearizacia

= Analyza riadiaceho systému

= Navrh PID regulacie

= Navrh klasického regulatora

Odporuca sa absolvovat”.

A

B

1 PID Control Techniques

1 hour
MATLAB Onramp

2 hours

Simulink Onramp
2 hours

% g Classical Controller Design Techniques

~ 25hours
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Dakujem za pozornost.

Otazky?



