.
_ _ f%éﬁlUMUSOFT“
Technical Computing Prague 2026

MATLAB a Simulink

Robustni a adaptivni ridici systemy
a metody rizeni zalozeneé na datech

Jaroslav Jirkovsky

jirkovsky@humusoft.cz

wWww.humusoft.cz
Info@humusoft.cz

www.mathworks.com

MATLAB
SIMULINK

4\ MathWorks

Authorized Reseller



http://www.humusoft.cz/
http://www.mathworks.com/

UMUSOFT’
uvidite nyni
uvidite dnes

likace

H

uvidite jindy ©

28

e

L,

3

y

£

4,

fipravené ap

v

P

MATLAB

V4

V 4

an

d

tre

anov

Pl

o

ému v pros

r

Ridici system
Ridici logika

\'4
A4

h syst

r

ICIC

[ ]
V'

avrhu rid

| Navr

tf)

Spojité / diskrétni Fizen

er moznos

Moznost

(vyb

Isjep e ™

(Buidaay-aue| ‘|01U0D BSINI0 aAndepe)
uaz]J juwouoiny

(exnabiaus ‘SNG)
AwgisAhs 9xoLe|3

(004)
nuoyod Jusziy

(dINOHD ‘LdY)
Aiojeindiuew — gAyod

(+V ‘¥ L8 ‘WHd)
AwaisAs 1ujigow — gAyod

(DdIN)
9JUdIa)al lUBAOJIBUDL)

}eyd Moj) — Mojalels

eyo alels — Mojjalels

- Bulules|
% Juswiadlojuiay
e
= .w
m © JuAndepy
*o
S5 I\ oezinduo
g.Q ) 1S
L)
®©
N lauunjoine q|d
-
o) OdIN
O
= @)
20 £ aoezirewndo
© @©
s ©
<0
S C aoezZlieaul
,a e
c SN
L)
© did
N



£ THUMUSOFT

Automatické ladeni PID regulatoru v realném Case
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£ HUMUSOFT

Automatické ladéni PID regulatoru v realném Case

« Umoznuje ladit PID regulatory v realném Case vuci k realné soustavé*
— nevyzaduje model soustavy

— ladeni je spousteno zadanym signalem primo v nasazeném systemu

* Dostupne bloky

— Open-Loop PID Autotuner ref ._Q R [FST BN I I S .
— Closed-Loop PID Autotuner - 4 Autotuner

— Gain-Scheduled PID Autotuner e

— Field Oriented Control Autotuner |

 Podpora generovani kodu

— implementace ladiciho algoritmu na hardware

*) Ize pouzit i s modelem soustavy v Simulinku https://www.mathworks.com/help/sicontrol/cat_scd_pid autotuning.html
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Dva zpusoby zapojeni experimentu pro ladéeni PID

&

£ THUMUSOFT

« Ladéni probiha na zaklade experimentalnino odhadu frekvencni odezvy soustavy

« Experiment v uzaviene smycce
— blok Closed-Loop PID Autotuner

« Experiment v oteviené smycCce
— blok Open-Loop PID Autotuner

r
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Ukazka: Ladeni PID regulace blokem PID Autotuner

+ Nadaba_rizeni_PID_autatuner_sum - Simulink

SIMULATION MODELING FORMAT
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https://www.mathworks.com/help/sicontrol/ug/pid-autotuning-for-a-plant-modeled-in-simulink.html
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Zapojeni bloku PID Autotuner pri ladéni v realném Case

« PID regulator nastaven na zadani hodnot parametrd formou externich signalu

 Naladene P,I,D,N parametry zavedeny pres aktualizacni logiku

data —»@
Read ref I : F
ead reference
dete — | —¥ PID{z) ———|u ut+fiy f——W{dala
S D—¥»D
External data W read gains
N = 1y Closed-Loop Yinite plant input
PID update logic >y PID Autotuner % conv
data +
—| start/stop pid gains —

Read plant output

Write convergence

data

Read start/stop signal

7 https://www.mathworks.com/help/sicontrol/ug/pid-autotuning-in-real-time.html



https://www.mathworks.com/help/slcontrol/ug/pid-autotuning-in-real-time.html

P
£ THUMUSOFT

Metody pro kompenzaci poruch
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Kompenzace poruch

« Odhad a kompenzace poruch a neznamé dynamiky linearnich systémdu

— umoznuje odhadnout stavy a poruchy zafizeni na zakladé jeho vstupu a vystupu

* Dostupné metody

— Active Disturbance Rejection Control b I Hu
— Extended State Observer } P ] UK Fnatp
) ¥
— Disturbance Compensator
Active Disturbance Rejection Control Ultra-Local Modeal
— Ultra Local Model
Hu dhat [ Hud
u
Ay shat Ay
Extended State Observer Disturbance Compensator

9 https://www.mathworks.com/help/slcontrol/disturbance-compensation.htmi
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. . A——
Active Disturbance Rejection Control (ADRC)

- Rizeni soustav s neznamou dynamikou a vnitfnimi a vnéj$imi poruchami

— regulace s robustnim potlaCeni poruch a minimalnim prekmitem

* Blok Active Disturbance Rejection Control

* Princip ADRC ADRC (1. tad)
— nevyzaduje model soustavy O & O ) P

— vyuziva jednoduchou aproximaci znamé dynamiky

Extended
State

y(t) = bou(t) + f(t) nebo  §(t) = bou(t) + f(t) S

— neznama dynamika a poruchy f (t) modelovany jako rozsSireny stav soustavy

10 https://www.mathworks.com/help/slcontrol/ug/active-disturbance-rejection-control.htmi
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. . A——
Active Disturbance Rejection Control (ADRC)

« Muze slouzit jako alternativa PID regulace
— zejména pro vykonovou elektroniku a fizeni motoru

— obdobné vypocetni naroky jako PID

i
-
4@—> PID(s) —— Plant I$ b p Plant
r u U

—— Py
Y ¥

Active Disturbance Rejection Control

« Jednoduchy postup ladéeni y

Ref

— pro Sirokou skalu provoznich podminek zo‘ r— — AORC

19

11
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Ukazka: Rizeni systému metodou ADRC

b

» Madoba_rizeni_ADRC - Simulink

SIMULATION MODELING FORMAT
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BLDCMotorADRC - Simulink

SIMULATION
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« Rizeni BLDC a PMSM motord, vykonové elektroniky a dal3ich

"+ mcb_pmsm_adrc_qep_{28379d/../Control_System/Closed Loop Centrol - Simulink
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Adaptivni metody

&
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Adaptivni ridici systemy
« Cilem je pfizpusobeni se zménam soustavy J.
— nepredvidané vlivy okoli, poruchy, zmé&na dynamiky [ \. ‘r
) DOStupné metOdy Extremum Seeking c.:,-“m| Model Reference Adaptive Control
— Extremum Seeking Control
. }arrc-r }u
— Model Reference Adaptive Control e up Ny vrer 8
— lterative Learning Control oonttreset startistop
lteraiive Learning Control ‘irtual Reference Feadback Tuning
— Sliding Mode Control
— Virtual Reference Feedback Tuning A - o
Sliding Mode Linear Sliding Mode
}f{xj Controller u b }x Controller u b
} {Reaching Law} (State Fesdback)
aix)
Sliding Mode Controller Linear Sliding Mode Controller
(Reaching Law) (State Feedback)

15 https://www.mathworks.com/help/sicontrol/adaptive-control-design.html
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Model Reference Adaptive Control (MRAC)

« Umozni fizeni systému v pfipadé neoekavanych zmén
* Princip: adaptace, aby rizeny systém sledoval chovani referencniho modelu
— odhad externich poruch a nejistych parametrd systému
— model poruch: kromé ,klasického® muze byt i neuronova sit' s jednou skrytou vrstvou
* Blok Model Reference Adaptive Control
“\.
- Dvatypy: e e oo
v uft)
L » K Cg:;zlrlsd X0 iy K, f » Controlled
_______________________ -"%_:em — 7 _'( + } System E
¥, ! — :
Distur;a_irlt'lp[;llﬂodel <« ! Dlsturﬂi_irl;rl.’;lﬂodel < E
Piimy MRAC S = Nepiimy MRAC R RRIERt

16 https://www.mathworks.com/help/slcontrol/ug/model-reference-adaptive-control.html
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lterative Learning Control (ILC)

Cil: ZlepSeni vykonu opakujicich se fidicich ukolu

— prumyslové systémy, robotika, cyklické trajektorie UAV, ...

Zapojuje se ve spojeni se zakladnim regulatorem (napfr. PID)
— ILC se postupné uci z prubéhu chyby v jedné iteraci a optimalizuje akéni zasah pro nasledujici

— postupné zvysuje svUj podil na akénim zasahu oproti nominalnimu regulatoru

 Blok Iterative Learning Control L
Error -|Learning
Memory Function (L)
P . ModeI-IFree IL(F Perforlmance ‘ p ‘ IModeI-ll-'ree ILC‘ Controll Eﬂ’ors‘ . Aﬂum
’ o r (I F Me —»{ ——= LPF(Q)
: | |"|."=L|'lf. | | . ||| I [
2rl et i (L 1
> ; 0 ll_jf| I'J |]L f_u || ||’AJ|%I_H il T ﬁHlﬂ—
°l " ||||." “ || |||T|| || |||| ||| || Fuk(t)
| L
oA T O B A r(t) %" [Stabiizing + ni+1)
v P + o + Plant =
3t 6r |I|| |LI ! 1 - Controller

17 https://www.mathworks.com/help/sicontrol/ug/iterative-learning-control.html
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Ukéazka: Rizeni systému metodou ILC (model free

"+ Nadoba_rizeni_PID_ILC - Simulink

SIMULATION DEBUG MODELING FORMAT
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Omezeni akéniho zasahu

&
£ THUMUSOFT
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Omezeni akéniho zasahu

* Omezeni akCniho zasahu na zaklade zadanych omezeni
— modifikovany akCni zasah u co nejblize pozadovanému u,

— feSi optimalizacni ulohu (QP) v realném Case

* Pripravené bloky
— Constraint Enforcement, Barrier Certificate Enforcement, Passivity Enforcement

Heern " Blok Constraint Enforcement resi:

PID controdler

min|u — ug|?
u

fxtgusc omezeni
i Unin S U < Upgy limity akCniho zasahu

20 https://www.mathworks.com/help/sicontrol/constraint-enforcement.html
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Dekuji za pozornost.

Otazky?
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Kontakty
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* Pro technickeé dotazy vyuzijte nasi technickou podporu

— email: support@humusoft.cz

— tel.: +420 602 231 500

Adresa:

— https://lwww.humusoft.cz/matlab/support/ Pobiezni 20

» VSeobecné dotazy 186 00 Praha 8

Ceska republika
— emaill: info@humusoft.cz

— tel.: 4420 284 011 730 Web:
www.humusoft.cz

* Nebo muzete vyuzit nas kontaktni formular

— https://www.humusoft.cz/contact/#contact m n l@l
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