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MATLAB a ridici technika

1985: Control Systems Toolbox - prvni toolbox v historii MATLABuU
1992: Real Time Toolbox - prvni toolbox v historii HUMUSOFTu

MATLAB Timeline
1984 PC-MATLAB
FFT
Graphics
1985 Pro-MATLAB

1987

1992

Control System Toolbox™

Signal Processing Toolbox™
ODEs

Sparse matrices
Simulink®

PC-MATLAB

1985

124 Foxwood Rd., Portola Valley, CA 94025 415-851-1162
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https://iwww.mathworks.com/company/technical-articles/a-brief-history-of-matlab.html

function [yout,x,n] = dstep(a,b,c,d,iu,n)
%DSTEP Step response of discrete-time linear systems.
%  DSTEP(A,B,C,D,IU) plots the response of the discrete system:

%o

» el function rtload(il,i2,i3,i4)

% J.N. Little . .

% Revised INL st CMT 7-31-90, ACHG 6-21-92 %RTLOAD Load the real time kernel and/or hardware driver.
% Revised A. BPEX%Q 10-1-94 %

%  Copyright 1986-2011 The MathWorks, Inc. %

% See also RTUNLOAD, RTCHECK.

%  Implemented Wy -file
Copyright = HUMUSOFT s.r.o.
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Arerica

Simulink Desktop Real-Time

desktop computer

Control Systems

Control System Toolbox
System Identification Toolbox
Predictive Maintenance Toolbox

Robust Control Toolbax ‘CONTROL SYSTEM DESIGN AND ANALY SIS

Model Predictive Control Toolbox 7] AlB * *
N (&) () & /] ® ] a B /] 6B &
Control System Control System Diagnostic Fuzzy Logic Health Linear System  MPC Designer Model Reducer  Neuro-Fuzzy PID Tuner System

i ¥ | Des N . N . .
Simulink Gontrol Design Designer Tuner Feature . Designer Indicator . Analyzer Designer Identification

Simulink Design Optimization
Reinforcement Learning Toolbox
€2000 Microcontroller Blockset

ROBOTICS AND AUTONOMOUS SYSTEMS

Motor Control Blockset @W |Ij1 ‘\EW "‘&Cﬁ F&_"’{] ‘ﬁ
STM32 Microcontroller Blockset Flight Log Inverse ROS 2 ROS Data SLAM Map UAV Scenario

Raspberry Pi Blockset Analyzer Kinematic: .. Network . Analyzer Builder Designer
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REAL TIME TOOLBOX
for PC-MATLAB

USER'S MANUAL

“HUMUSOFT

IN N — Prototype and test control hardware in real time on your
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Evoluce fidicich algoritmu v prostfedi MATLAB a Simulink

Ladéni PID

2018 - 2023

Closed-Loop PID Autotuner (R18a)

Field Oriented Control Autotuner (R20a)

2023

2024

Gain-Scheduled PID Autotuner (R24a)
Start-Stop Generator (R24a)

Pokrocilé
fizeni

Model Reference Adaptive Control
(MRAC) (R21a)

Extremum Seeking Control (ESC)
(R21a)

Active Disturbance Rejection
Control (ADRC) (R22b)

MRAC with Single Hidden Layer
Neural Network (R23a)

Extended State Observer (R24a)
Disturbance Compensator (R24a)
Sliding Mode Control (R24b)
Iterative Learning Control (R24b)

Linear Sliding Mode Control
Virtual Reference Feedback Tuning

Ultra-Local Model for Disturbance
Compensation

Omezeni
zasahu

Constraint Enforcement block
(R21a)

Barrier Certificate Enforcement
Block (R22a)

Passivity enforcement block (R23a)

Odhad
frekvencni
odezvy

Frequency Response Estimator
block (R19a)

Frequency Response Estimator block
enhancements:

Support for PRBS signals (R23a)

Set PRBS parameters automatically
(R23b)

Sinestream Signal Generator (R24a)
PRBS Signal Generator (R24a)
Start-Stop Generator (R24a)
Superposition Signal Generator (R24b)




Priklady

The Orion Spacecraft Is
Headed to the Moon

In designing the SLS, the
engineers and scientists at NASA
created a software model to
simulate the mission-critical
algorithms. Simulink, Simscape,
and MATLAB are used
throughout the Model-Based
Design process to build an
executable model.

[NASA]

Smarter Diabetes Care with
Control Algorithms

.. model patient physiology, design
robust controllers, and simulate real-
life scenarios. Tools like Robust
Control Toolbox™ and Symbolic
Math Toolbox™ are instrumental in
managing physiological variability,
ensuring system reliability,
calculating equilibrium points,
linearizing mathematical models,
and more.

[University of Guadalajara]

https://www.mathworks.com/company/customer-stories

4

Virtual Design and Testing
of an Autonomous Rescue
Drone

“We use Simulink to develop
simulation models for our aircraft
so that in the end, we can do the
full model-in-the-loop simulation
of all its systems, subsystems,
and components together with
the flight control algorithms
represented in the corresponding
components of the aircraft.”
[Avilus]
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T e
L=t
Observation =

Quadruped Robat

I B _@
isdone

Check If Done

Quadruped Robot Locomotion
Using DDPG Agent

This example shows how to train a
guadruped robot to walk using a deep
deterministic policy gradient (DDPG) agent.

riQuadrupedRobot
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Zdroje informaci

Brian Douglas: MATLAB Tech Talks on Control Systems
https://www.mathworks.com/videos/tech-talks/controls.html
https://engineeringmedia.com

Controller

Control Tutorials for MATLAB and Simulink
https://ctms.engin.umich.edu/CTMS/index.php

X MICHIGAN  CarnegieMellon
CONTROL TUTORIALS

‘”A\IA\\].:..\-.E)) \\ \l\lk l\l‘\ INTRODUCTION  CRUISE CON

MODELING

ANALYSIS
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MATLAB and Simulink for Control Systems

https://www.mathworks.com/solutions/control-systems.html

J MathWorks Modeling Dynamic Systems
with MATLAB and Simulink

Model Structures Use MATLAB® and Simulink® to

A 7N Ar-sAseD mooeLs

GAUSSIAN SUPPORT VECTOR
PROCESS

|
REGRESSION TREE

Model Manipulation  Modify models through transformation, lin
Reduced Order Modeling

wooeL. Tyre Wi isc NumER MODEL-BASED
o

@

STATE-COORDINATE MODAL DECOMPOSITION

o

2024 T Mt nc KATAS o

MathWorks Discovery - Control Systems
https://www.mathworks.com/discovery.html

Control Systems
Bode Plot

Control Design Software
ECU Calibration

Euler Angles

Frequency Response
Gain Scheduling

Linearization

OPC UA Reduced Order Modeling
Optimal Control Reinforcement Learning
Parameter Estimation Root Locus

PID Control Rotation Matrix

PID Tuning State-Space Models
Quaternion Transfer Function
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Nabidka spolecnosti HUMUSOFT
MATLAB & Simulink COMSOL dSPACE HeavyHorse
Technické vypocty a simulace Simulace multifyzikalnich Gloh Simulace v realném &ase Vykonné vypodetni pracovni stanice

Simulink jako zakladni platforma  Modelovani fyzikalnich déju Hardware In The Loop (HIL) High Performance Computing
pro Model-Based Design Kosimulace s MATLABem Rapid Control Prototyping (RCP) CPU/ GPU

Maximalni mozny vykon v 1 PC
Optimalizovano pro MATLAB / COMSOL

nnnnnnn

s Info@humusoft.cz https://www.humusoft.cz/company/#contact
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COMSOL Multiphysics & Control Systems

LiveLink™ for Simulink®

 Cosimulation

Cosimulation of COMSOL Multiphysics®

models and Simulink® diagrams.

\
=5
s
. ¥ lapg legC
Q
imulatic

&

£ THUMUSOFT

« Model Order Reduction

Export reduced-order models (ROMS)
from COMSOL Multiphysics® for use in
state-space blocks in Simulink® diagrams.

T0 | —r
Ex= Ax+ Bu
E_’ =Cx+ D
y=Cx+Du { Full-order model CFD/CAE/FEA
Tref Jk
Reduced order ° Full-order madel
- O ® - .
modeling .
En - e = @ \\‘. Reduced del
OMSOL 6.2 .
-
\\\\\\\\\\\\\\
COMSOL 6.
ritrol Sy
. u ROM
— @ N

link 3|

link C component T | Firstprinciples based —

link

low

thy U — rinciple: -

compaonent
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13:00

13:15

13:50

14:05

14:10

14:15
14:45

15:05

15:25

15:45

16:15

16:35

16:55

17:15

Jan Danék (Humusoft)
Zahajeni seminare

Gernot Schraberger (MathWorks)
Keynote: Smarter Control Design

Michal Blaho (Humusoft)
Navrh Fidicich systému zaloZzeny na modelech: od PID po MIMO

Petr Neuman (Neureg)
Zkusenosti se simulaénimi trenazéry zaloznich zdroju v Elektrarné Opatovice
Pozvanka k prezentaénim stolim s zZivymi ukazkami

Prestavka, obCerstveni, prohlidka zivych ukazek, konzultace

Jakub Talla (Fakulta elektrotechnicka ZCU / RICE Plzer)

Zvana prednaska: Model-based design v navrhu fidicich systému elektrickych
pohonU a stfidacu pfipojenych k elektrizacni siti

Jaroslav Jirkovsky (Humusoft)

Robustni a adaptivni fidici systémy a metody fizeni zalozené na datech
Kristian Hudec (Humusoft)

Prototypovani a testovani v realném Case

Prestavka, obCerstveni, prohlidka zivych ukazek, konzultace

Juraj Slacka (Slovenska technicka univerzita v Bratislave)

Zvana prednaska: Olympiada kybernetika - motivacia pre studium kybernetiky
Michal Blaho (Humusoft)

Modelovani a simulace nadfazené fidici logiky

Jaroslav Jirkovsky (Humusoft)

Prediktivni fizeni a fizeni vyuzivajici Al

Zakonceni a zavérecna diskuze

A
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Zivé ukazky

Porovnani fidiciho systému PID a ADRC

* PID regulator
nastaven| parametri

— nastaven! kriticksho zesileni
- die prechodove odezvy soustavy

— nastaveni Sifky frekvenéniha pasma
= die pozadavku na rychiost odezvy

~ vslup: reference a regulovand velidina, wystup: akéni zasah

E——
Navrh riadenia pre Bi-Copter

+ Model
~ aero-mechatronicky systém
~ dve vrtule namontované na otonom ramene
~ riadenie natodenia
« Algoritmy
~ identifikécia systému
~ navrh re
— testovani
« Hardware
Arduino Nano 33 loT

~ Bi-Copter

[
Riadenie vyrobného procesu

* Model
— vyrobna linka s dopravnikom
~ riadenie na zaklade udalosti
« Algoritmy
~ zakladny pohyb po pase
o potiatoénej polohy
slucka

~ detekcia poruchy
« Hardware
— Punching Machine with Conveyor
MF644

—
Rizeni BLDC motoru

« Model

— Jednoduché oviadani na zakladé zpétné vazby
+ Algoritmy

- Vytitani polohy z Hall senzord

— Ovladani invertoru
+ Hardware

4SPACE
— ST Nuclea Shield

Aomusorr

+ Jaroslav Jirkovsky, firkovsky@humusoft cz

=

= Michal Blaho, blaho@humusoft sk

AmusorT

- Tomas Fridrich, fridrich@humusoft ez
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Gernot Jaroslav
Schraberger Jirkovsky

TECHNICAL
COMPUTING
PRAGUE

Jan Danék
HUMUSOFT

21.4.2026 Praha

Jan
HousSka
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76m’

Tomas
Fridrich
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Martina

Mudrova
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Ventlukova
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Showcase - Konzultace
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A HUMUSOFT
Porovnani ridiciho systemu PID a ADRC

* PID regulator

HNew Save = — Signal - lormal - Data Logic Bir ye 7
’ o - & Pint - Browser Table Fast Restart Back ~ Forward Inspector  Analyzer Scope
nastaveni parametri P. 1. D. N e a—
— Nadoba_izeni_PID_ADRC_manual_play =13
LA | ) = i
2l Nadoba rizeni P RC_manual_play ¥ M
pur}

« automatickeé ladéni nastrojem PID Tuner

BEUES e

— aktivovan anti-windup

— vstup: regulacni odchylka, vystup: akcni zasah

. ADRC* regulator o7 | [
— nastaveni kritickeho zesileni
 dle prechodové odezvy soustavy

— nastaveni Sirky frekvencniho pasma
 dle pozadavku na rychlost odezvy

— vstup: reference a regulovana veliCina, vystup: akCni zasah

*Active Disturbance Rejection Control i A
: « Jaroslav JirkovsKky, jirkovsky@humusoft.cz
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.
Navrh riadenia pre Bi-Copter

* Model
— aero-mechatronicky systém
— dve vrtule namontované na otoCnom ramene
— riadenie natoCenia
 Algoritmy
— identifikacia systému
— navrh regulatora

— testovanie v uzavretej slucke

« Hardware
— Arduino Nano 33 IoT
— Bi-Copter

Amplitude

0.4

03}

02}

01}
02}
03}
04,

&

£ THUMUSOFT

Linear Simulation Results

Simulated Response
Desired Angle
Measured Angle

10 15 20
Time (seconds)

Michal Blaho, blaho@humusoft.sk
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Riadenie vyrobneho procesu

* Model
— vyrobna linka s dopravnikom
— riadenie na zaklade udalosti
 Algoritmy
— zakladny pohyb po pase
— presun do pociatoCnej polohy
— riadiaca slucCka

— detekcia poruchy

« Hardware

— Punching Machine with Conveyor
— MF644

7
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fSale_mode N
“Homing * /Control_cycle ™\ /Fault_detection
’Puncher_home b —@ ‘Belt_backward N /Belt_forward
§
Wait_for_start ens end] (Move_backward gxk .{_
en: / \ - ™
puncher_up=1; belt_backward=1; Y e | W e |
puncher_down=0; belt_forward=0; e packwad=et] ) [beft forward==1] \
punch_home=0; exit:conv_home=1; \ {bnll hatiovand==] { [belt_foryard==0]
after(2 sec)[punch_home && conv_home|| belt_backward=0; ‘«/ o “ S/
¢ [ )
1 fter(4. ) 1 after(4,sec)
Move_forward Stop_up oo i v
enbelt_forward=1; en: Failure Failure
conv_home=0; puncher_up=0; en:send(fail_sianal,Safe_mode)| en:send(fzil_signal,Safe_mode)
{punch_home=1;
T = RS o
e, [~sens_under] [sens_top] Puncher_up “\ /Puncher_down A
N ¥
Stop_forward (Puncher_up @~ @~ B
Move_backward_H en:belt_forward=0; en:puncher_up=1; Va B \ o N
en: e \ Qi e \
belt_backward="1; L [plncher_up==1] ‘ [pyncher_down==1] |
belt_forward=0; [ [puncher/up==0] | [puncher_dgwn==0]
conv_home=0; BNact18a0) Y i \ /“
hlacsl ~=Moving / oo .
78NS e Puncher_down Stop_down S =
k en:puncher down=1; | fen:puncher_down=0; 2 after(3.sec) 1 after(3 sec)
C_H_Stop punch_home=0; (sens_bottom) - = -
en: Failure Failure
belt_backward=0; / en:send(fail_signal,Safe_mode) en:send(fail_signal,Safe_mode)
Aconv, home=1; ? \ N\ A
e | )\ g
- o
T
® safe_signal fail_signal
Fail_mode
en:belt_backward=0; belt_forward=0; puncher_up=0; puncher_down=0;

 Michal Blaho, blaho@humusoft.sk
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Rizeni BLDC motoru

« Model

— Jednoduché ovladani na zakladée zpétne vazby

 Algoritmy
— Vycitani polohy z Hall senzorti _
— QOvladani invertoru o]
« Hardware P
— dSPACE Sy
— ST Nucleo Shield
- 7
=

« Tomas Fridrich, fridrich@humusoft.cz
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TRENINKOVE SIMULATORY

ENERGETICKYCH ZALOZNICH ZDROJU NA BAZI MATLAB - SIMULINK

POPI S TRENAZERU Specificky pozadavek na prenositelnost trenazéru — provozovani trenazéru na 2 ruznych kotelnach

Elektrérna
Opatovice nad Labem
Hradec Krlové Pardubice Chrudim

Zalozni zdroj v rezimu ostrého provozu dlozni i 7i 7¢ azz ] - ] 7
| p Zilozni zdroj v rezimu trenazéru B 1hl quﬁ HHE"

A e
“ Technologie Ridici “ Technologie Eﬁ EH HH
r systém Sene

Ceperka Opatovice Lazné Rybitvi
nad Labem Bohdaneé

® Model zilozniho zdroje — K15/16 Hradec Krilove Model zilozniho zdroje — K13 Chrudim
AV=VA AV=VA ‘\ MaTiAB  AV=VA
InTouch InTouch SIMULINK Gateway

16  Petr Neuman, neumanp@volny.cz
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