- : £ HUMUSOFT
7.9.2023 Technical Computing Camp 2023

Navrh a implementace
pokrocilych ridicich systemu

Jaroslav Jirkovsky

jirkovsky@humusoft.cz

wWww.humusoft.cz
Info@humusoft.cz

www.mathworks.com

MATLAB

@\ MathWorks A
SIMULINK

Authorized Reseller



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

Vyvo] metodou Model-Based Design

[ VYZKUM ] [ POZADAVKY

J

A 2

Modely prostredi

Modely fyzickych komponent

Algoritmy

L 2

/ IMPLEMENTACE

=
N

[ C, C++ ][VHDL,VeriIog][

Strukturovany
text

PLC

1
)

k[ w || pse | Feea | asic |

¥

[ INTEGRACE

JOVAIHIHINA V ALSTL

}317"7
£ THUMUSOFT



fgfiﬁlUMUSOFT“
Matematické modelovani soustav
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T o g = k(@ —keVh)

» Popis matematickymi rovnicemi
— matematicko-fyzikalni analyza

— identifikace soustavy z namérenych dat

 Blokova schémata

« Knihovny bloku
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Fyzikalni modelovani soustav
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Knihovny pro specifické aplikace
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Zakladni schéma ridiciho systemu

ladici algoritmus poruchy

l

reference odchylka [ N akce 4 N\ chovani
regulator ———— soustava
\_ y g y,
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Zakladni schema ridiciho systemu — Simulink

]

Mereni

+_ » PID(s)
— reference odchylka akcni zasah

Zadana Regulator
hodnota Soustava

regulovana velicina
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Modelovani fidicich systému

eam: |2 =letjsercin 3|
* Propojeni modelu soustav s regulatory
— libovolna architektura fidicich systému -3 L ‘
MO ¥ P00 o o=
* Navrh a modelovani regulatoru - S A e
— spojité, diskrétni, stavové -

— blok PID regulatoru v mnoha variantach

— vlastni regulatory ze zakladnich prvku

Spojité a diskrétni prvky v jednom modelu

« Bohaté knihovny vstupnich signalu

ry N7

Nastroje pro ladéni fidicich systému
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Ladeni ridicich systému
e Ladeni na zaklade linearizace « Ladeni na zaklade optimalizace
— ,know-how" linearni teorie regulace — pracuje s nelinearnim modelem
 stabilita systému, metriky, metody ladéni « optimalizace chovani na nelinearity
— SISO, MIMO — SISO, MIMO
— ladéni v ¢asoveé i frekvencni oblasti — libovolna uzivatelska kritéria

— metody pro robustni navrh
— neni zavislé na konkrétnim experimentu

— rychlost

 Mozna kombinace obou pfistupu



Ladeni PID regulace

Pro jednosmyckovou PID regulaci

— vice smycek lze ladit jednu po druhé

* Vyuziva linearizaci soustavy

— mozna volba pracovniho bodu

Graficka aplikace PID Tuner

— ladéni na zaklade prechodoveé odezvy

Frequency Response Based PID Tuner

— pro soustavy, které nelze linearizovat

10

Plant:

Plant~

PLANT

PID TUNER

Type: PIDF

Form: Parallel

L Inspect @ Options

CONTROLLER

Domain:
Edl Add Plot >
DESIGN

PID 1dof (mask) (link)

Design).

Controller:  PID
Time domain:
® Continuous-time

O Discrete-time

¥ Compensator formula

Main  Initialization

Qutput Saturation

Controller parameters

Source: |internal

Proportional (P):

Data Types

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
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Discrete-time settings
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Integral (I): |1
Derivative (D): |0

Use filtered derivative
Filter coefficient (N): |100
Automated tuning

Select tuning method: | Transfer Function Based (|

Enable zero-crossing detection
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1

@
Siower Response Time (seconds)

@
Transient Behavior Rebust
TUNING TOOLS

Aggressive

‘When you click Tune, two rounds of simulation run to:
- N Ep signals during the specified fime frame

e B P

—u—p G

dc gain from the experiment
se margin at the target bandwidth

Reset  Show  Update

Design Parameters  Block ™
RESULTS

Data Browser

| Step Plot: Reference tracking |
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o
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Step Plot: Reference tracking

Tuned response
Block response

Duration (ispan) 100

(remove disturbances) C) 1 simulation

stable C) Has single integrator

Target phase margin (degrees)

To MATLAB

3
Time (seconds)

Controller Parameters: P = 062, | = 7442, D = 0, N = 100
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Ladéni systému s vice vstupy a vystupy (MIMO)

« Libovolna struktura fidiciho systemu

— spolec¢né ladéni vSech prvku

— linearizace modelu a nehladka optimalizace
« Knihovna nastavitelnych kriterii

— v Casoveé i frekvencCni oblasti

— kritéria stability
« Graficka aplikace

— Control System Tuner
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Ladeni na zaklade optimalizace

* Vyuziva nelinearni model v Simulinku
— nastaveni podminek pro zvolené signaly
« Libovolna struktura fidiciho systemu |
— vybér parametrli pro optimalizaci giif T
« Ruzné optimalizacni algoritmy | M
» Podpora paralelnich vypodt( i S R

Graficka aplikace

— Response Optimizer

12
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Robustni ladéni fidicich systemu

Model soustavy neni presny

— aproximace pri modelovani

— nezname vlivy (poruchy) Soustava

— zmeny v dynamice

Ukol: aby regulator fungoval dobfe i za t&chto podminek

Ladéni se zahrnutim vlivu nejistych parametru
— ladéni na zaklade optimalizace — Responce Optimizer

— ladeni na zaklade liearizace — Control System Tuner

Analyza robustnosti a metody pro robustni navrh ridiciho systému

— Robust Control Toolbox

13 https://www.mathworks.com/videos/series/robust-control.html
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Ukazka: Ladeni se zahrnutim vlivu nejitych p
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Adaptivni ridici systemy

« Cilem je pfizpusobeni se zménam soustavy

— nepredvidané vlivy okoli

— poruchy

— zmeéna dynamiky
« Ladéni PID za béhu systemu

— bloky Open-Loop PID Autotuner, Closed-Loop PID Autotuner
« Specialni metody

— Extremum Seeking Control

— Model Reference Adaptive Control

— Active Disturbance Rejection Control

15 https://www.mathworks.com/videos/series/learning-based-control.html



https://www.mathworks.com/videos/series/learning-based-control.html

P
N 7

£ HUMUSOFT

Adaptivni ridici systemy

« Adaptivni ridici systémy mohou resit narocné problemy nelinearniho fizeni,
ktere jsou pro tradicni techniky obtizne resitelné
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Ladeni PID za behu systemu

 Automatickeé ladéni PID v realném case

— na zakladé experimentalniho odhadu frekvencni odezvy soustavy

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

’ = "B . u uthu »u ¥
Closed-Loop
reference Fib ' PID Autotuner i com o Plant
i startistop pid gains .
« Experiment v otevieneé smycce o i L,
! PID Autatunier o o Flant
— blok Open-Loop PID Autotuner B A .

17 https://www.mathworks.com/videos/pid-control-of-a-brushless-dc-motor-1523009772696.html
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Specialni metody pro adaptivni ridici systémy

« Extremum Seeking Control . J
soustava

— optimalni fizeni soustav se zmenami chovani

Extremum Seeking Controller

== :

':jx
Objective function ] = f(u)

18
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Specialni metody pro adaptivni ridici systémy

« Extremum Seeking Control

— optimalni fizeni soustav se zmenami chovani

 Model Reference Adaptive Control

— umozni fizeni systému v pfipadé neoCekavanych zmén

h
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Specialni metody pro adaptivni ridici systémy

« Extremum Seeking Control

— optimalni fizeni soustav se zmenami chovani
 Model Reference Adaptive Control

— umozni fizeni systému v pripadé neocekavanych zmén
 Active Disturbance Rejection Control

— fizeni soustav s neznamou dynamikou a vnitrnimi a vnéjsSimi poruchami

— muze slouzit jako alternativa PID regulace I —— .

!
#» soustava

regulator

pozorovatel
stavu

20 e e TS o :



£ THUMUSOFT

Ukazka: Vyuziti ADRC pro rizeni pohonu

4\ SelectedSigna

File
@ v

Tools View Simulation Help

OO |- |- |EH- | FIH-

Debug signals
(® Speed_ref & Speed_feedback
oe Spead (R ue o =
2000 L () Id_ref & |d_feedback
1600 2400 =
k () lq_ref & Iq_feedback
1200 2500 -
(Jla&lb
ADRC ¢ ) =
800 200 (_) la & Position
0 14 300
0 2000
ntrol
@J 206
- cat Serial Setup
»
Running Frame based Offset=0 T=3.030

https://www.mathworks.com/help/mcb/gs/pmsm-speed-control-using-adrc.html
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Model Predictive Control (MPC)

« Prediktivni rizeni zalozené na modelu systému a optimalizaci v realném Case

— minimalizace ucelové funkce MIMO systému podminéna omezenimi na vstupech a vystupech

optimalizace ﬁ

reference o manipulované veliCiny
redikéni
o N o e > soustava >

MPC regulator

T odhadnuté stavy méreneé vystupy
pozorovatel stavu [«

 Model Predictive Control Toolbox

https://www.mathworks.com/videos/series/understanding-model-predictive-control.html



https://www.mathworks.com/videos/series/understanding-model-predictive-control.html

A HUMUSOFT
Jak MPC funguje

- Resi optimalizaéni tlohu v kroku k
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Jak MPC funguje

* Provede prvni krok fizeni (oteviena smycka), vyradi zbytek

£ HUMUSOFT

Minulost = Budoucnost
>
i :_ S -:I ______ | o o o = | 1 1
_—————— = ! ! ! : i — - Planované zmény MV
# | | : | : H . , .

: . > ! ! ; ; — Aplikované zmény MV

Horizont fizeni ' i ' ' '

Reference | — == O
L e Q- !
: O !
¢’O’
e

ay :

k+1 k+2 k+3 k+4 k+p

-O- Predikovany vystup
—@- Méreny vystup



A HUMUSOFT
Jak MPC funguje

* Provede prvni krok fizeni (oteviena smycka), vyradi zbytek

Minulost Budoucnost
R —

- - Planované zmény MV
— Aplikované zmény MV

A
-y

Hprizont Fizeni
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»
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Jak MPC funguje

» Posune Casovy horizont, zmeéri aktualizované vystupy, resi optimalizacni ulohy v kroku k

Reference

&

£ THUMUSOFT
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Jak MPC funguje

* Provede prvni krok fizeni (oteviena smycka), vyradi zbytek

Reference
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Jak MPC funguje

» Posune Casovy horizont, zmeéri aktualizované vystupy, resi optimalizacni ulohy v kroku k

Minulost = Budoucnost
]

| ! ! - - Planované zmény MV
» — Aplikované zmény MV

Horizont Fizehi

»
»

Reference

»
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Jak MPC funguje

. Resi optimalizaéni tlohu v kroku k

Minulost = Budoucnost
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MPC Tech Talks
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Understanding Model Predictive
Control

(® Watch videos (8 videos)
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Tvorba MPC I
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Reinforcement learning (RL)

* Metoda strojového uceni

— pocitaCovy agent se ucCi optimalnimu chovani opakovanou interakci s dynamickym prostredim

 Cil: maximalizovat odménu v dlouhodobém ¢asovém horizontu

'd ™

 Algoritmus policy AGENT
— hluboka neuronova sit' (nejCastéji) sooven Policy e
— implementuje: regulatory, rozhodovaci algoritmy I
Algoritmus
* Pro komplexni systemy reinforcement
learning
— kde jsou tradicni metody obtizne formulovatelnée \ )
Odmeéna
PROSTREDI

31 https://www.mathworks.com/videos/series/reinforcement-learning.htmi



https://www.mathworks.com/videos/series/reinforcement-learning.html

Nastroje pro reinforcement learning

 RL ,prostredi”

— vytvorené v MATLABuU

— model systému v Simulinku

« Navrh, uCeni a simulace agenta

— pfipravené funkce

— Reinforcement Learning Designer app
« Simulink: pripravené bloky

— RL Agent — simulace a uCeni agenta

&

£ HUMUSOFT®

REINFORCEMENT LEARNING TRAIN SIMULATE TRAINING RESULT ]
J
£ & @& &% &
Open  Save Import New Mew Edit | Export
Session Session = = 4 4
FILE ENVIRONMENT | AGENT | RESULTS =
Agents agent1_Trained agent! Training Progress
agent1 - 1
agent_Trained + Overview
Episode number. 536/10000
Start time: 13-Jan-2023 11:15:42
~ Hyperparameters
Duration: 00:06:11
Agent Options Critic Optimizer Options
Final result Training finished after all

Environments

Discrete_CartPole

Dicount tacor —

Execution environment  (® CPU (O GPU

» More Options

Experience buffer length

Learn rate 0.0001
Gradientthreshold | int]

» More Options

agents reached stop iraining

criteria.

Training Information

Agent
riDQMNAgent

Status

Training finished

Results

an-2023 13:11:18

Episode Mumber

trainStats1
experiencel
trainStats 1
500 Episode reward for CartPoleDiscreteAction with rIDQNAgent
400
B
§ 300
Preview _g
experiencel = i 200
K-3
i w
100
o le
Zgent: ageatl_Trained 0 "
e O, T e 0 100 600

Episode Information (rIDQNAgent):

Episode reward. 500
Average reward: 500
Episode Q0: 56.147
[ More Details_. |
Plot Options
Show EpisodeQ0
[[] Show last N episodes
——« Episode reward Episode Q0

Average reward

[ Training result opened: trainStats1

4]

— Policy — simulace a nasazeni naucené funkce policy

* Reinforcement Learning Toolbox

32
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Automaticke generovani kodu pro aplikace v realnem case

* Prototypovani a testovani systému — PC s mérici kartou, real-time simulator

« Generovani optimalizovaného embedded kodu pro zvolenou cilovou platformu

33
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Otazky



