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Lokalne funkcie

x = 1:10;
n = length(x);
avg = mymean(x,n);

function a = mymean(v,n)
% MYMEAN Local function

a = sum(v)/n;
end

5 MATLAB
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Lokalne funkcie: Definicia funkcii kdekolvek v skripte

x = 1:10;
n = length(x);

function a = mymean(v,n)
% MYMEAN Local function

a = sum(v)/n;

end

avg = mymean(x,n);

6 MATLAB
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Riesenie uloh — s vyuzitim aplikacii

B @& 4 ¢ 8 T Q 2 FiJun16 418PM

@ MATLAB  Window Help
LN

MATLAB R2023b - prerelease use

.
[vorba experimentov na (oo | TS - -
B B 4o = P Fles 4 (N Bvaravie- ), Lo Anabyze Code ta /| (© Preferences & @ 3 Community
B — £, save Workspace & Run and Time (5 set Path 5 Request Support
New  New  New Open ([ Compare Import Clean Favorites Simulink  Layout Add-Ons  Help
Script Live Script v - Data Data [%) Clear Workspace v - (42 Clear Commands ~ ~ il Parallel ~ - ~ [ Learn MATLAB
ry v , L] r FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES =
<= % (5 @l ¥ B/ » Users » sdeland » MATLAB » projects » PredatorPreyProject » ~| 0
Workspace ® | Command Window Project - PredatorPreyProject B Live Editor - LotkaVolterraFunction.mlx ® x
Name & Value | [ | LotkavolterraFunction.mix | + |

1 function [RabbitsMin,RabbitsMax,FoxesMin,FoxesMax] = LotkaVolterraFunction(params)

— Vizualizacia, filtrovanie a

”, . ’, 2 yInitial = [params.RabbitsInitial params.FoxesInitiall';
porovnavanie vysledkov ] e
4 signs = [1 -1]';
Cu;reE:;older ® 5 mu = [params.Alpha params.Betal';
® conrces 6 dydt = @(t,y) signs.*x(1-flipud(y)./mu).xy;
Results

H LotkaVolterraExperiment.mat Solve the ODE

|z LotkaVolterraFunction.mlx
2 populationAmplitudes.mix ’f [t,y] = oded5(dydt,tRange,yInitial);
(& PredatorPreyProject.prj
Post-process to get key metrics

8 RabbitsMin = min(y(:,1));
9 RabbitsMax = max(y(:,1));
10 FoxesMin = min(y(:,2));

11 FoxesMax = max(y(:,2));
12
Plot results
13 figure(Name="Population Size")|;
14 plot(t,y)
15 title("Population v. Time")
16 xlabel("Time")
17 ylabel("Population")

Details ~ |18 legend ("Rabbits","Foxes")

Zoom: 150% |UTF-8 LF LotkaVolterraFunction Ln 13 Col 35

Experiment Manager App

7 MATLAB



P
B P

£ HUMUSOFT

Riesenie uloh — s vyuzitim aplikacii a Live Tasks

Import Data > “Autorun | @ i
|air_hgtAbvsfc_2014 | = struct of netCDF data from air.hgtAbvSfc.2014.nc

Tvorba experimentov na

File | C:\Users\oghosh\Downloads\air.hgtAbvSfc.2014.nc ‘ |Bmwse‘,,

spustanie MATLAB kodu

~ Select data to import

— Vizualizacia, filtrovanie a " Dt S—
[ level units = 'degrees_north'

porovnavanie vysledkov H
- [ E,::es (5) stan;ard_name = 'latitude’

~ [ level axis ="Y"

Interaktivna vizualizacia a nahlad
hd lat

hierarchickych datovych formatov -
» [ time

- N etC D F vSpecif; Sl::;ning options for variables

» llevel
- H D F 5 » Nlat
~ Specify code generation type
(®) High-level code () Low-level code

~ Display results

|| Imported data

Import Data Live Editor Task

8 MATLAB
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Lahsia tvorba vlastnych Live Editor Tasks

4\ MATLAB

LIVE EGITOR INSERT

] ¢ &E Refactor ~ [’E Section Break [>
== = oprint - o ] % Code ssues & ¥ Run and Ad @
Mew Open Save [Efl peport - | GoTo Q find Task F| Debugger Run un anc Advance Run Step
- - - - m Bookmark ~ Section @ Run to End -
FILE NAVIGATE TEXT | Search q =
[3 + C: s Users » fmarini » Documents » MATLAB »
« g8 MY TASKS v -
. L4 /4 = Files i |E| fractalTree.mbx > | unfiled2.mlx * > untitled3.mbx * > | untitiedd ~ ~ ~
ae - ™ s
onverzia vyoperu (Koau | e - v & o =N
AL o rt t Find del Fit Dat Fractal t | rt Data
b [ pesrimems . onvert to ind a mode it Data ractal tree mport Da
. . Fractal tree Task
4 L4 Find_a_model.m
] Generate a fractal tree GRAPHICS =
Fit_Data.m
Fractal_tree.m -E
vlastného Live Editor tasku
[ harp.csv rot
D TS PREPROCESSING DATA a v
D seismicstation.csy il idetesie B @ @
D stormData xlsx 1 i2 = sqrt(-1); Clean Missing  Clean Qutlier Compute by Find Change Find Local Find and MNarmalize
D 2 tree2 = @(c2,x3,r) cumsum(exp(18*(c2] Data Data Group Points Extrema Remove .. Data
storminfo xlsx 3 €2 = pi*(1¥sqrt(5))/2; ~
[ subset2020.csv 4 npts2 = 68%168; A
D —— 5 x3 = @:npts2; Smooth Data
6 rot2 = 3;
7 z2 = tree2(c2,x3,rot2); TABLES AND TIMETABLES z 3
] figure
9 plot(real(z2),imag(z2), . );
1e a’(]:"r‘ equal Join Tables Prvot Table Retime Stack Table Synchronize  Unstack Table
11 aX1s on Timetable Variables Timetables Variables

9 MATLAB
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Interaktivna tvorba, uprava a vizualizacia signalov

’: untitled* - Signal Editor A - O X
u Book 7.xlsx X - v
& - C ¥ & mathworksm.. & < & |[—| ., = — =
Ol/ A & & Qe aQ = | & | @
Point| Line Expression Draw Erase Move Select ™8 HQ Data Align Screenshot
- Cursors ~ v
Excel Book7 ‘@ 4 EDIT ADJUST ZOOM & PAN MEASURE |ARRANGE | CAPTURE a
~ Inputs g Signal Signall x : Sig H
File Home Insert Draw v iy - S Name| Filter on name | 7 [[£h)| double - |
T T T
= X — (s Type Name ® TIME DATA
9 | O A= % B | _
(3 | w— - Signal ® ok & 1 [ 0.473813245
V4 Pasti N
Copy, cut, paste dat | o | M | e | e | | = —
1 1 it} | e 3 -4.168979031
c2 v Jfx  =SIN(A2)*2.34567-(1.5*A2) 3 "‘x\ 1 |4 -7.775208909
Excelu do alebo z S s o
A B C D E F L \
P — \ 6 -9.655416552
1 [Time Signall  Signal2 6+ \ .
. . \ 7 -8.958926245
Signal Editora 3 I s :
3 2 14.43257} -0.86709 TS EIopetes - 8 8 -9.679292042
4 3 23.44k57} -4.16898: Property Value 9l ¥ y 1 |9 -12.53330603
5 4 32.43257} -7.77521 Name | Signall o—& 10 -16.276094
6 5 41.43257; -9.74932 Interpolation | linear \".“
7 6 50.43257} -9.65542 Unit a2t . -
8 7 59.43257} -8.95893 A\
v 8 68.43257} -9.67929: \-‘,“
10 9 77.43257} -12.5333 5| \ - - -
11 10 86.43257} -16.2761 x
12 11 95.43257 -18.8456
17 17 1NA A27/A .1Q I8RA 1 1 1
4 e & < M
= Sheetl +

11 Simulink



&

£ THUMUSOFT

Tvorba ovladania simulacii pomocou Dashboard

T T
50 60 70 80 )

Dashboard
bloky

Zoskupenie a

presunutie dashboard
blokov do panelu

Dashboard panel
12 Simulink
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Nasadenie ovladania simulacii ako aplikacie
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Transformacia
dashboard panelov
na aplikacie

Simulink Compiler

Simulink
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Tvorba simulacnych aplikacii bez pisania kodu

DESIGNER SIMULINK CANVAS VIEW Ll LI e I 2
o 4| B P
SavejLacemo_ounce s X Open Add Run
v Model | Binding v
| FILE MODEL BINDING RUN | i -
Component Library g app1.mlapp X : Component Browser N
- |
( |
i Code Vie Searct view: (B«
. R . , . Audio Meter MATLAB App for sldemo_bounce.slx Design View Code View earch P | View: (] ]
Integrama apllkacu S i
§ ) ~ app.UlFigure

SIMULINK @ T = 00:00:00 0% app.SimulationProgress
Run Elapsed time: 00:00:00 app.TimeScope

modelmi Simulinku, & B B ] e —

Second-Order Integrator:1
T T

Load Input Save Output 10

I 4 L T
vratane vazb
|
y 51 i TimeScope | Callbacks | Bindings |
. [
H 4 W - 3 Signals &b
S I n a u Simulation Simulation _.g ok i
Controls Progress ? @ Second-Order Integrator:1 L.
<
B ‘
A ]
- -n
Time Scope  Variable Tuner | | 1 V b
| azba

Time (secs)

Pripravené e ‘a
Specifické grafické |
komponenty pre

Simulink | Ny I A I

signalu s
modelom

(4\ MATLAB App

Elapsed time = 00:00:2 X
1 Position

T =00:00:25 100% |

H -~ 20 Initial Second-Order
Ap I I kac I a o Velocity Integrator

E
=)
£ 10
) .ﬂ

| J Coefficient of

. . 1 1 Restitution
Simulink | 0 10 20 |

| Time (secs)

14 MATLAB
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A HUMUSOFT
MATLAB na pocitacoch Mac

MATLAB a Simulink
bezia nativne na Apple silicon

Vyssi vykon a
zlepsenie zivotnosti baterie na
pocCitacoch MacBook

16 MATLAB
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Vylepsenia vykonu pri kazdom vydani

Performance

¥ Language and Programming: Improved performance for reading and writing
reading and writing class property values

classdef StorageClass

Najlepsie priklady dokumentu
properties
Release notes data

daverage
end
Kazda poznamka vydania zahrna:
— Kdod prl'kladu This code is about 17.5x faster than in the previous release.
— Merané zlepsenie vykonu

s = StorageClass(1l:1e6);

_ P0u2|ty hardVéI’ timeit(@()s.movingAverage)
The approximate execution times are:
R2023a: 0.497 s

R2023b: 0.0284 5

The code was timed on a Windows® 10, Intel® Xeon® CPU E5-1650 v3 @
3.50 GHz test system.

17 MATLAB
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Zlepsenie vykonu simulacie v zavislosti na postupe

Edit-Update-Repeat T md g g e R
Edit-Sim-Repeat S 5 T

Simulate .
Tune'Slm'Repeat !\OAEZZI — q Porlﬁ‘:ters ﬁ Model ﬁ I;/e':*ms

m()®
Set Up \ Process
MUItlple-Slm I\LAO;ddEI ﬁSimnuls'r;cnﬁ < simf]@ ﬁ ﬁs?:sl:ﬂi:n

18 Simulink
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Vyuzitie specifickych technik na zlepsenie vykonu

Workflow
Edit-Update-Repeat Edit-Sim-Repeat Tune-Sim-Repeat Multiple-Sim

‘M&thWOI‘kS@ Products Solutions Academia Support Community

Techniques

Technical Articles

About MathWorks ~ Careers Social Mission ~ Newsroom Customer Stories Contact Us

Improving Simulation Performance in Simulink

»

By Weiwu Li, Reid Spence, and Guy Rouleau, MathWorks

19 Simulink
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Vyuzitie specifickych technik na zlepsenie vykonu

: Workflow
Techniques : . . - :
Edit-Update-Repeat Edit-Sim-Repeat Tune-Sim-Repeat Multiple-Sim
@ Simulation Mode X X X
@ Fast Restart X X
ﬁl Simulation Cache X X X X
Model Reference -
Parallel Build X X
@ Model Reference -
Incremental Loading & X X
Rebuilding
q Simulink Profiler X X X X
Solver Profiler X X X
/ Modify Your Models X X X
"II Parallel Simulation X

20 Simulink
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Zrychlenie simulacii vyuzitim lokalneho solvera
‘3 ¢ DCMotor_localsolver T2tz
g © |[a] ocMotor localsolver » v
2=
= DC Motor model with model reference local solver
g =
T Position
g = ‘ DCMotor Mechanical
‘ ’ g 5 .
Rozdelenie systémov  § ®| [ et ’ Slow = D
~ . - _ - curren
réznej dynamiky s - e | :
i . Dynamics Dynamics., .|, *
lokalnym solverom Speed
Electrical Mechanical
¥ Solver
‘ ‘ Use |ocal solver: on
Solver: FixedStepAuto
ixed step: auto
TOp SOlver Local SOIver ::nputsitg:al handli... Atjtu -
Output signal hand... Use solver interpo -

VariableStepAuto

21 Simulink
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Zrychlenie simulacii vyuzitim lokalneho solvera

% ¢ DCMotor_localsolver T2tz

g © |[a] ocMotor localsolver » b

| o

=& DC Motor model with model reference local solver

F —

T Position

g = DCMotor Mechanical

E Input voltage Position = 7 \ D

. = " v e K - \' | position
Podporuje rychlejsiu s Slow .. | . Fast
]

. Dynamics Dynamics. ...} ,_-

L Speed
Electrical Mechanical

lokalnu dynamiku

¥ Solver
‘ ‘ Use local solver: on
Solver: FixedStepAuto
Fixed step: auto
Top SOIVer Locql 30|ver Input signal handli... Auto -
Output signal hand... Use solver interpo -

VariableStepAuto

22  Simulink
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fféﬁlUMUSOFT“
Nové produkty

. \Vyrazné aktualizacie

Skoré odhalenie chyb

Navrh Testovanie Kod Certifikaty

MATLAB Test

Simulink

Fault Analyzer Polyspace Test

24 V&V Product Family
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Poruchy a analyza ich vplyvu — Simulink Fault Analyzer

Modelovanie poruch Logika navrhu
bez zmien v navrhu P ——
fm—’m D\ eeeeee
=l O _
lo—

25 Simulink Fault Analyzer

Logika poruch
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Poruchy a analyza ich vplyvu — Simulink Fault Analyzer

Modelovanie poruch
bez zmien v navrhu

Sprava poruch cez
viaceré domeny

Simulink Fault Analyzer

Fault Table

Fault Conditional

Enable Model Element/Fault Name Active Fault Trigger
¥ = Environment/Constantt/Outport/1
# HighTemperatureFault ] Conditional: highSpeedCondition
# LowTemperaturFault Conditional: SampleConditional
¥ = Environment/Constant7/Outport/1
# HighPressureFault Timed: 20
% LowPressureFault ] Always On
¥ = Environment/Constant2/Outport/1
% Grade_fault Always On
% Grade_fault_1 ] Always On
¥ = Environment/Constant3/COutport/1
# wind_x_fault Always On
¥ o} Passenger Car/Electric Plant/Simscape/Inductarl/Inductor
# Inductor1_fault Behavioral
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Poruchy a analyza ich vplyvu — Simulink Fault Analyzer

Modelovanie poruch
bez zmien v navrhu

Details: Design Study o Da:{smm-mw @ D) * a-- k B ‘ﬂm )::,
Specification Run Options - '"slow Compare = EngineSpeed_Outport1_fault
| iter Signals .
4 I4 - e —— .
LEEE pal S
S p rava p O ru C h C e Z .:!m:eter -~ - Run:m:L::lz:o_melsvs_exlcumnﬂ_.A
Ll
. 14 14 Fﬂu't SEt_T 02_out_fault —
viaceré domény e =
& —
T ‘:l 3
. , . , . Fault Component B _;Pju“ =
Slmu IaCIa y Sku man Ie a HighTemperatureFault EvReferencedpplic... * ™
, HighPressureFault EvReferencedpplic...
an aI yZ a efe ktOV LowTemperaturFault EvReferencedpplic... @
LowPressureFault EvReferencedpplic...
r
h Grade_fault EvReferencedpplic...
po ru C Grade_fault_1 EvReferencedpplic...
wind_x_fault EvReferencepplic... Archive (2) ® -
Properties 32 )

Simulink Fault Analyzer
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Poruchy a analyza ich vplyvu — Simulink Fault Analyzer

Modelovanie poruch
bez zmien v navrhu

Sprava poruch cez
viaceré domeny

Simulacia, skumanie a
analyza efektov
poruch

Systematicka analyza
bezpecnosti

Simulink Fault Analyzer

4 Safety Analysis Manager

P
£ THUMUSOFT
— O >,

HOME T 9 c @

3 Open oII; Cut ma s ;
o 5 g==t EEH i é! Q > @ Edit Callbacks | %)
S - Iz
Mew ave = opy Add Add View Add Find Analyze &P Clear Flags Export
- ,&, Import ﬁ Delete | Row Column + Columns | Link « Spreadsheet -
FILE EDIT SPREADSHEET LIMKS |[SEARCH AMALYZE SHARE Y
= FuelSysFMEA = Properties :
! Failure Mode i} Failure Effect i Detection Method Cell Spreadsheet
1 |Single Fault: 02 Fault Engine Operation (02 Fault Detection ~ Description
& Interrupted &
- - - - Cell Description
2 Single fault: MAP Fault Engine Operation Pressure Fault Detection
& Interrupted &
3 Multiple Faults: O2 Fault and |Engine Inoperative Multiple Faults Detected =
MAP Fault Links
é é - LN
Bl = Related to: -
s ego_fault
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Nové produkty

. \Vyrazné aktualizacie

Skoré odhalenie chyb

Testovanie

Navrh

Kod Certifikaty

MATLAB Test

Simulink
Fault Analyzer

Polyspace Test

29 V&V Product Family
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Rodina produktov testovania

R2015a R2023a

MATLAB Test

4\

Model MATLAB Kod

30

i
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R2023b

Polyspace Test

C/C++ kad



Testy pre C/C++ kod vo vnorenych systemoch

"/ Polyspace

Staticka Analyza

Dynamické
Testovanie

31 Polyspace Product Family

—

-

Polyspace Bug Finder

+

Polyspace Code Prover

+

Polyspace Test

£ Overall
= 450 v 390
m 2 A 50%
& T
1 2
. 80%
QO Defects
= 348 v 285
* 21 v 226 e 59

%4 Quality Objectives

v 75’@

0 Fa 2
>3 © Dowod 1
© Passed 1

¢

D2,

87%

“ . saqo3

% Tests Coverage

v 50%

&

£ THUMUSOFT

© Code Metrics

80% 60% 40% 40% 0%

ent Decision  Condition mcoc

v 5 079%

Centralna sprava a kombinacia statickej
analyzy s dynamickym testovanim

ISO 26262 DO-178

IEC 61508

IEC 62304
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Volanie MATLABU lokalne alebo vzdialenie pomocou RES

REST Function Service

vy , . . User machine with MATLAB installed
Vyuzitie vlastného klienta na volanie

Local/remote clients

Prostredia MATLAB s vyuzitim _ ‘\
. . Client App 1 \
MATLAB Function Service S o / |
ClientApp2 |+ | ServiceHost | ‘\
Sluzba vyuziva |~
Y Client App 3 / \‘ '
HTTPS protokol ent AP 4

33 MATLAB
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Vyuzitie prostredia MATLAB s Pythonom

. , i _ (timetable A : DataFrame A
Automaticka konverzia medzi o table T —
MATLAB table alebo timetable -"‘ o] ¢ :

a Python Pandas DataFrame E — 2 o 7
4 MATLA @ il pandas
. J . J

34 MATLAB
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Vyuzitie prostredia MATLAB s Pythonom

a = 3;
b = 4;

Run Python Code L [JAutorun | @ :

= Run Python code using MATLAB variables a, b

Automaticka konverzia medzi - Setect input type
MATLAB table alebo timetable e Ome
a Python Pandas DataFrame i

h = math_sgri{a™2 + b*2)

Interaktivne spustanie Python kédu s
Run Python Code Live Editor task

= Dutput options

Specify outputs (®) Return all () Return selected variables

Dizplay outputs [+

» Show code

35 MATLAB
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Simulink ako Simulacno Integracna Platforma

Ekosystem a
Interoperabillita so
100+ jazykmi a
nastrojmi tretich stran

36 Simulink



A HUMUSOFT
Import viastneho kodu do prostredia Simulink
R2018b R2020a
<FunctionName> C
Tvorba VIaStnyCh C Caller C Function
komponentov s
vyuzitim C, C++ a |
Python N R2021a | 2022 2023
— (¢ @
Code Importer C Function Python Importer
Supports C++

37 Simulink
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Import funkcii Pythonu z tried

38

Python importér
podporuje funkcie
Specifikovane v
triedach Pythonu

Simulink

&
£ THUMUSOFT

class room:

def init_ (self, length, breadth, height):
self.length = length
self.breadth = breadth
self.height = height

def volume(self):

result = self.length * self.breadth * self.height
return result

def wallarea(self):

result = 2 *(self.length * height + self.breadth * height)
return result

Definicia triedy Pythonu
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£ HUMUSOFT
I t funkcii Pyth tried
Python Importer - O e
Welcome > Settings >  Specify Custom Code > Analyze > Import
What to consider
Edit the block port specifications for the previously selected functions. System blocks will be generated with default port
specifications unless you specify otherwise.
Q search The block port SDECIT"IFEIIOHS can also be edited in the
generated System object.
Name Scope Label Type Complexity Size
[ ] V 4 [
Grafickeé rozhranie " epfierconioon |
self Parameter self ClassObject eal [11]
pOS kthJe néVOd na length Parameter length double real [11]
breadth | Parameter breadth double real [11]
i m po rt kro k Z a height Parametar height double real [11]
[ * fx pyFileroomvolume ]
kro ko m result Cutput result double real [11]
self Parametar self ClassObject eal [11]
[ * fx pyFileroom.wallarea ]
result Qutput result double real 1
self Parameter sl f ClassOhjert eal [11
Back Next

39 Simulink
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Import funkcii Pythonu z tried

40

Export ako vlastny
blocksets pre
simulaciu

Simulink

LIERARY

1 Open

-

N H Save

- |Fr3 Print |+

FILE

pyClass

]|
[~|5]
Library
Browser
LIBRARY

MODELING FORMAT

29 [« e

Cimanal bl

(] lﬂ pyClass

B B e

O @

G|

A

£ HUMUSOFT®

|:i] Block Parameters: pyFile_room_volume >
pyFile_room_volume
Python def volume imported from python module pyFile.py |
Source code
Parameters
length: |1D | :
breadth: 5 [E
height: |F‘ | :
Simulate using: Interpreted execution

| oK Cancel Help Apply

(" N (-

~N

pyFile_room_volume  result P

pyFile_room_wallarea

result [

\ pyFile_room_volume ) \

pyFile_room_wallarea

J

Ready

150%
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Podpora pre neohrani¢enych signalov s premenlivou diZkou

41

Flexibilita pre
modelovanie signalov
bez sSpecifikacie
koneénej diZky signalu

Simulink

e
10 A

&

£ THUMUSOFT

TT Tl 157 TT T[T
—

IIIIIII H III IIHU | - ::

10 20 30 40 50 60

X

Autondmny systéem

parkovania Radarovy systém

Rozmer signalov je neznami pri kompilacii a méze
narastat/zmensovat pocas simulacie
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Podpora pre neohrani¢enych signalov s premenlivou diZkou

42

Poskytuje mapovanie
medzi signalmi
Simulinku a
dynamickymi poliami v
C++

Lahka vymena dat
medzi dalSimi
komponentami
externého softveru

Simulink

i

Neohranicené signaly s
premenlivou dizkou

Rozmer signalu Inf

Pamat alokovana za behu

&

£ THUMUSOFT

Dynamicke polia

Data s menitelnou
velkostou

Dynamicka pamat
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B . A——
Import FMI 3.0 Function Mockup Units (FMUSs)

P4 mArrayDouble2D * - Simulink o X
SIMULATION DEBUG MODELING FORMAT APPS BLOCK o008 @ )
Qé 1 g Trace Signal R | Pause Time é Stop Time qg w UD
- — o, % o : = [ = J
Performance | Diagnostics Information Comment Out %] 4 _’ ded Bieakpoigt Update Nommel Step Run Step
Advisor ¥ v Overlays ¥ | Port Values @ v g Breakpoints List Model v | 5@ Fast Restart Back ¥ v Forward
PERFORMANCE DIAGNOSTICS TOOLS BREAKPOINTS COMPILE SIMULATE a
§ mArrayDouble2D = | v
o
§ ® ||"a mArrayDouble2D o4 g
% @ E] Block Parameters: FMI 3.0 FMU - Co-Simulation X ;‘:;
=
E3 array_double_2d [Co-Simulation, v3.0] é
double [1x4] . double [1x4] FMU Block
= @ * [1x4] in1 out1 [x 4.] - (FMU does not have a description.)
double [4x1] I X [} H double [4x1] - Open FMU Documentation File
= [4x1] e m I llf/luoncclflonal olez [4x1] )
. X -u X - £
= double [2x2] ‘ . b facpe double [2x2] Parameters  Simulation  Input  Output
O p O p O rUJ e 0 12x2] in3 out3 [2x2.] - Filter by name or description
double [1x3] ‘ ‘ ) Co-Simulation double [3x1]
- ind outd Parameter
FMI verziu 3.0 = :
. . . > [d param1
FMI 3.0 FMU - Co-Simulation
> ] param2
il param3
- double [1x4] v 1l
in1 out1 Rlp,1 0
‘ ‘ [1x4] i [1x4] —r ‘
. [} i ouble [4x IRI[1,2] -1
in2 m i Functional S > @ |
‘ [4x1] Mock-up - [4x1] Rl 2,1 2 ‘
ouble [2x
_ 2|] in3 Interface s = 2,.} (7)) RI2.2] -3 ‘
X " — |
[ ) Model-Exchange double [3x1] > td paramd4 ‘
Saly oua [ E_p(T5)
[1x3] [3x1] ‘
FMI 3.0 FMU - Model-Exchange e |
. |
==
e ‘ OK Cancel Help Apply |
» |
Ready 150% auto(FixedStepDiscrete)
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Export simulacii ako FMI 3.0 FMU

EXPORT MODEL TO

—  Web View...

Export model to browser-enabled read-only view

Tvorba samostatnych FMU z
mOdeIOV prOStredla SImU||nk 5 z::attzc::?Pﬂ:::;;d copy of this model
alebo zdrojoveho kodu

Template...

Create reusable template from this model
. s Architecture Model...
ValldaCIa FM I 3.0 FM U % Export model to Architecture

IEI.J Standalone FMU... L\\s

1

- Export model to Co-5imulation Standalone Functional Maock-up Unit (FMU)

Export FMU na pouzitie v inymi
. v 7 . . . Simulation App...
simulacnymi prostrediami e A e

. Previous Version...
irv

Export model to previous version of Simulink

Simulink Compiler

45 FMU Builder for Simulink Support Package
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Ovladanie simulacii pouzitim Simulation objektu

Konfiguracia, beh a
Interakcia so simulaciou
vratane krokovania

Pristup k simulacnemu
stavu a vystupom

Nasaditelné do dalsich
prostredi s compilerom

Simulink

initialize
start
step
pause
resume
stop
terminate

>> open_system(mdl) ;

>>» sm = simulation (mdl) ;
>> initialize (sm)

>> start (sm);

>> pause (sm);

»> sm.Status
ans =
"paused”

>> sm.Time

>> step(sm, PauseTime=40);
>> resume (sm)
>> stop(sm);

>> sm.Status
ans =

"inactive"

Simulacia
skriptom

>> mdl = 'sldemo suspn 3dof';

Model prostredia Simulink

a e %

. o Ve ﬂ
E'—v ssssss Bocy states e
B imics.
dueto gravity
]
»

WWWWW

Vystupy simulacie
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Ovladanie simulacii pouzitim Simulation objektu

Umoznuje integraciu
simulacie s novymi
aplikaciami ako su
reinforcement

learning a digitalne

dvojcata

—+|;nvironment

A

Agent

Reinforcement Learning

Simulink Compiler

Simulink

State

&

£ THUMUSOFT

Digitalne dvojcata



¥ Y

TLAB
IMULINK

</>

Jazyky

48

( N
Integracia
A Y
l---T---l
E%Q AL
T @
Simulacia Vizualizacia

&

£ THUMUSOFT

&

Al

Hardvér



. o7

/«g.ff
£ THUMUSOFT

Vizualizacia 3D simulacii

3D Vizualizacia

Simulink 3D Animation
poskytuje zakladné 3D
prostriedky, platformu
a integraciu s Unreal
Enginom pre vertikalne
produkty

UNREAL

ENGINE

49 Simulink 3D Animation
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Vizualizacia 3D simulacii

Realistické 3D
scény, akcie a
senzory pre

--. 2w
)‘E 2
- . E - .
g * :
- .
N
-. “
o "
~ L " _
‘\'f i L +X
\~ ' VB N ¢
- N [ :
e, \' . . P .
¥ . ¥ AW .
“ ¢
<

.‘?
n

simulaciu B

dynamickych ? ;

systemov o)
¥

=,
SN,

Aerospace Blockset

Aerospace Blockset

50 Simulink 3D Animation
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Vizualizacia 3D simulacii

Realisticke 3D
scény, akcie a
senzory pre
simulaciu
dynamickych
systemov

/

UAV Toolbox

UAV Toolbox
51 Simulink 3D Animation
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Vizualizacia 3D simulacii

Realisticke 3D
scény, akcie a
senzory pre
simulaciu
dynamickych
systemov

Vehicle Dynamics Blockset

Vehicle Dynamics Blockset

52 Simulink 3D Animation
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Vizualizacia 3D simulacii

Realisticke 3D
scény, akcie a
senzory pre
simulaciu
dynamickych
systemov

Automated Driving Toolbox

Automated Driving Toolbox

53 Simulink 3D Animation
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Vizualizacia 3D simulacii

Realistické 3D
scény, akcie a
senzory pre
simulaciu
dynamickych
systemov

Robotics System Toolbox

Robotics System Toolbox

54 Simulink 3D Animation
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Simulink pre vyvoj produkcneho softveru

Real-Time Operating System

Middleware

Scheduler

Platform

Ge%:;:l:g:on SO 0 e ——  Overflows
l Representable
—— In-Range
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, { Underflows
Generovanie kodu Numericka efektivnost Podpora
podla platformy vyuzivajuca paralelizmus specializovaného harveru

\. J

56
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ST Microelectronics

Podpora pre dual-
core zariadenia

Podpora pre 4 noveé
rodiny zariadeni:

Us5, L4, L5, WB

Embedded Coder
57 Embedded Coder Support Package for STMicroelectronics® STM32 Processors



P
B 7

£ HUMUSOFT

Infineon

Podpora pre AURIX
TC3X

Podpora pre AURIX
TC4x PPU
accelerator

Embedded Coder
Embedded Coder Support Package for Infineon® AURIX™ TC3x Microcontrollers
58 Embedded Coder Support Package for Infineon® AURIX™ TC4x Microcontrollers
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NXP

Podpora pre S32M2,
S32K396, LAX
(S32R45), LPC553x
a BMS

Podpora pre S32K3,
S32ZE a HCP

S32K3xx HCP

Embedded Coder
590 NXP® Model-Based Design Toolbox™



P
B P

£ HUMUSOFT

Texas Instruments (TI)

Navrh, simulacia a
Implementacia
aplikacii pre TI
C2000
Microkontrolery

60 C2000 Microcontroller Blockset
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AMD

Navrh, analyza a
prototypovanie pre
Versal Adaptive SoC,
Zyng SoC a Xilinx FPGA
zariadenia

Generovanie a
nasadenie HDL kodu a
Embedded softvéru pre
Xilinx FPGA a SoC
zariadenia

SoC Blockset, HDL Coder
61 SoC Blockset Support Package for Xilinx® Devices, HDL Coder Support Package for Xilinx® FPGA and SoC Devices
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Nove moznosti v ramci celého pracovnéeho postupu Al

. . : Simulacia _
Priprava dat Al Modelovanie . Nasadenie
& Testovanie

63
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Kolaborativne, viacuzivatelské, timoveé oznacovanie

Distribucia, monitorovanie a kontrola ke i
uloh oznacCovania v ramci timu O o i
Tvorba spustitelnej aplikacie na ﬂ Data i
oznadovanie, kde &lenovia timu I o
moézu oznacovat a kontrolovat Ulohy | Vlastnik !
bez licencie prostredia MATLAB projektu Vlastnik
ulohy

64 Computer Vision Toolbox
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Detekcia objektov v obrazkoch s YOLOX sietami

Tvorba predtrénovanych
alebo vlastnych YOLOX
detektorov objektov

Priklad automatizovanej vizualnej inSpekcie

Detekcia, lokalizdcia a klasifikdcia defektov

na doskdch plosnych spojov (PCB) s vyuzitim
YOLOX detektora objektov

Computer Vision Toolbox
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Spustanie modelov CNN z Pythonu v prostredi Simulink

Spolupraca TensorFlow a

PyTorch modelov v Simulinku o
spolu s inymi blokmi pre deep | ]
learning a machine learning

Simulink PyTorch TensorFlow

66 Deep Learning Toolbox
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Vysvetlenie predikcie detekcie objektov pomocou D-RISE

Generovanie vizualneho vysvetlenia
pre predikciu vysledkov
siete na detekcie objektov

67 Deep Learning Toolbox

DRISE Map
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Generovanie vseobecneho CUDA kodu pre deep learning

Generovanie CUDA kodu pre deep
learning, ktory nepotrebuje
kniznice NVIDIA pre deep learning

68 GPU Coder
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MATLAB

PRODUCT FAMILY

SIMULINK®

PRODUCT FAMILY
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Matematika a optimalizacia

Funkcia fpolarplot

— symbolicka funkcia — polarne suradnice

HIGHS algoritmus
— novy vychodzi algoritmus intlinprog a linprog

— rychlejsie a spolahlivejsie vysledky

Urychlenie surrogateopt

— ulohy s celoCiselnymi obmedzeniami

Generovanie kodu pre fmincon

— podpora hardvéru - single-precision floating point

Funkcie pre objekty map

— vypodet pldch, obvodov a dizky &iar

&

£ THUMUSOFT

120° & 60"

150° 30°

_._._1|.f4
- B
t

180°

210°

240° 300°
270°

[ x; is an integer

) X +2x>=-14
ming subject to
"iex1 4 x2 sub) _Ax — xp < —33

2x) +x < 20.
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Paralelne vypocty

Skalovatelnost

— Parallel pools — do 2000 workerov
— MATLAB Job Scheduler — 10000 workerov

— parfor — Specifikacia po€tu Threadov

Administracia — Historia jobov
— MATLAB Job Scheduler

Profil klastra
— AWS® Batch, Grid Engine, HTCondor

GPU vypocCty — CUDA 12.2

Podpora gpuArray
— 30+ vylepseni v MATLABe a 5 Toolboxoch

&

£ THUMUSOFT

client

Cluster Profile M 1 I
Ql == | & &
Discover | Add Cluster | Create Cloud Import MANAGE PROFILE = VALIDATE CLOUD HELP

Clusters Profile ~ Cluster
CREATE

b - b b

Cluster Profile
Processes (default)

Processes Type: Local Machine Processes

Validation

Edit
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@ W & »w @5 5 [v

Strojove ucenie %

All Quick-To- All Simulink 7 Use Response  Predicted vs. 7 Racults Layout Generate | Export
Train Supported Parallel Actual .. Table - Function | Model +
MODELS
ﬁ“) Export Model —
Redel hedelial — Export the currently selected model in the Models pane to the workspace to make predictions with new data
£ Summary X
- - Export Model for Deployment
® u S e r a a IVe I O r aS LIGED B sl @ Export a compact version of the currently selected model in the Models pane for deployment to MATLAB Production Server
Status: Tested P p Y P oyl
Training Results +7_| Create Experiment
H H 4 4 H RMSE (Validation) 93.877 ¢ Create an experiment in Experiment Manager to tune the hyperparameters of the selected model
— nierarcniCke Kiastrovanie R-Squares (Validation) 0.81
MSE (Validation) 8812.9 —
MAE (Validation) 62.477 @ Export Model to Simulink . o
MAPE (Validation) 33.9% ¥ Export currently selected model in the Models pane to Simulink
PY Prediction speed ~17000 onsisec
Xport moaeiov ado simulinku
— Classification Learner, Regression Learner ‘
Cluster Data > Oauorn | @
. , . . s ., v clusterIndices| - Result of grouping meas into 2 clusters using hierarchical clustering
« Aplikacie maju 3 zalozk fy custring agor
Specify clustering algorithm
lk-Means Clustering Hierarchical Clustering
— I + Pariition data into clusters fﬁl + Create multilevel hierarchy of clusters
L e ar n b) TeSt ) a EX p I al n » Cluster data with many observations » Cluster data with fewer observations
+ Visualize clusters using scatter plots +» Visualize clusters using a cluster tree (dendrogram)
- - - Select data
e Direct forecastin o
Input data | meas v |
, ~ Select number of clusters
- Sa l I IOStatn e l I lOd ely p re kro ky h O ”ZO ntu Selection method | Manual num clusters v | Max number of clusters =
+ Specify optional distance parameters
[

Multivariate analysis of variance (MANOVA) = S

[V 2D scatter plot Columns | 1H | 2'%]

* Podpora dalSich modelov v Simulinku 30 satr o

[C] Matrix of scatter plots

» Show code

73
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Deep Learning

* Neural Network Analyzer
— pristup k vysledkom z prikazového riadku
* Novy pracovny postup
— funkcia trainnet a dinetwork objekty
— SirSia podpora architektur
« Transfer Learning
— funkcia imagePretrainedNetwork
* Deep Network Designer
— Import modelov PyTorch, TensorFlow
— odomknutie uCiacich sa parametrov vrstiev

£ HUMUSOFT"
55 0
H O
Blank Network From Workspace From PyTorch From TensorFlow
. |~I.r;1port fraced PyTorch model
v Image Metworks (Pretrained)
convolution2dLayer (3
=] convi0
M convolution2dL ... Name | conv10 |
FilterSize 11
MumFilters 5 |
_— .. |
net = imagePretrainedNetwnrk{Fﬁqmwzenm" = | ,MumClasses=numClasses)

options = trainingOptions("adam", ...
ValidationData=augimdsValidation, ...
ValidationFreguency=5, ...
Plots="training-progress", ...
Metrics="accuracy", ...
Verbose=false);

net = trainnet(augimdsTrain,net,"crossentropy",options);

Trénovanie siete pomocou L-BFGS solvera
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Spracovanie obrazu a poéitacové videnie iz

Podpora formatu OpenLABEL
— groundTruth na ASAM OpenLABEL (JSON)

Segmentacia
— Segment Anything Model (SAM)

Volumetricka vizualizacia

— renderovanie, anotacie

Image Viewer App

— Interaktivne ROI, meranie vzdialenosti a pléch

Hyperspektralne obrazky
— praca s vyrezom obrazku

— predspracovanie, detekcia, segmentacia

75
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Pocitacoveé videnie

ArUco popisky

— citanie znacCiek a odhad pozicie

°
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ﬁ
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28
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@
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1 @D
- AN
. =t
. C

— multi-object tracking pomocou Al

Monocular vSLAM

— monovslam - monokularna kamera

Stereo VSLAM

— stereovslam - stereo kamera

RGB-D SLAM
— rgbdvslam - RGB-D kamera
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Medicinske obrazky e )
NEde @ k(B
o , % 27858
« Segmentacia organov a kosti . R
; "‘:..‘:’ o
— Medical Open Network for Al (MONAI) . E—— k‘%c
) ) i ; wheel | ;' *“’7:“
— automaticky alebo interaktivne s b lﬂ.} o
. S s s e
— vyzaduje podporny balicek R S
« Segmentacia buniek pomocou Al ‘ —
— Interface for Cellpose Library e
— natrénované alebo vlastné siete

Classification/Regression
Models

« Radiomika

— extrakcia priznakov z obrazkov (IBSI norma)

]

Relevant features

« tvar
* rozlozenie intenzity
« textura

77
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Praca s Lidarom

Lidar Registration Analyzer App

— ladenie algoritmov registracie

— Import, vizualizacia, predspracovanie

Semantic Segmentation of Point Cloud

Seémanticka segmentacia
— RandLA-Net vhodna pre velké mracna bodov

— elektrické vedenia — letecké data

Simulacia snimaca
— simulacia skreslenia pohybu
— pridanie do RoadRunner Scenario

Import a export (FBX, OBJ)

Podpora Hokuyo zariadeni

100m Fog Visibility 3h1m/hour Rain

/8
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Spracovanie signalov

Bl moe s

A2 rez:
%5 o
a0 B
§§

SIEIEIE]
olee|o| | iV E
6@m o

Normaliz... o L ] | Freauen [
Df 15kHz - » 8102
. a0k ! 1 |+ magnitua
I te r n a. Z e r a \ \ Magnitude Display (Magnitude in d&:
20 X 1 Normalize Magnitude [
04 1

— zobrazenie, analyza a porovnanie filtrov. o e

Vyber prediktorov pre Al

— objekt signalTimeFrequencyFeatureExtractor

,' ‘)\ P n ‘»\7
I RTR
\ ’l‘ H \ w "‘ |
| H J\ ” \ A |
03 04 05 =~ )
lized Frequency

yyyyyy

Signal Analyzer App
— nahradenie chybajucich dat

— prehravanie audia

E N rrrerrerrerryreedh K s Three-phas
s \f R \JA KIS \f‘ SEEDEBBLSDEEE \/\f\f\/‘\/\f\/\ ‘J\u’\‘ rn:e_z.zl::s-.

blok Deep Signal Anomaly Detector

— detekcia pomocou LSTM v realnom Case

Ladenie parametrov filtra

— plynuly prechod k pozadovanej hodnote
79
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Spracovanie signalov a audia

Wavelet Signal Analyzer App
— nove transformacie

— autokorelacia, variancia koeficientov

Kvalita a zrozumitelnost recCi
— Virtual Speech Quality Objective Listener (VISQOL)
— Short-Time Objective Intelligibility (STOI)

Prepis a syntéza reci

— rozhranie s modelmi SpeechBrain a Torchaudio

Oddelenie reCnikov

Extrakcia priznakov z audia pre Al

Audio Viewer app

80
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AMALYZER WAVELET HISTOGRAM 9
. i
'#}' RV @ I Duplicate oo BA  rveshold @ ©
Hz -
New Import Add  [®] Delete | Cosfficients Compress Default | Export
O - - Histogram Layout -
FILE TIME DECOMPOSED SIGNAL DISPLAY STATISTICS COMPRESSION LAYOUT | EXPORT =
~ Scenarios ;|- Decomposition Coeflicients || Energy By Level x = Reconstructed-Compressed Signal || Histogram X
Name N 12
weegl (B orginal] = original
weeg2 acl
weeg3 Nondecimated Wavelet Packet ® =
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Y
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P B
Impart | Analyzs Vist

Auto Detoct

Bezdrdtové komunikacie e ——

6G Exploration Library for 5G Toolbox

— modelovanie a simulacia 6G waveforms
— pokrocilé funkcie pre PDSCH, PUSCH a SRS

WLAN Waveform Analyzer app

— analyza, vizualizacia a meranie WLAN waveforms
— modelovanie IEEE 802.11be multi-link operation (MLO)

Satellite Scenario

— platformy (auta, lode, ...) — pristup a komunikacia

— generovanie trajektorii na zaklade bodov

Podpora dalsich zariadeni na testovanie algoritmov

Source: Lan, Maxr, Earthuter Geograghics, and e (45 User Commurty

» O 1IR3 NN UTC
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Fyzikalne modelovanie ST Aae S e
O LA 7
: .

Mu+b Kﬁ\&

« Zakladny modul 5 . T R
I"@_: | ,.,'1-\ Al ‘C:-- \—‘ Ra EK\rg)'-i

— podpora N-rozmernych signalov a premennych . o e T
— selektivne logovanie — individualne premenné blokov a2 o 4 . )
Al A2 A1 Q E va o L T -

— Inkrementalne kompilovanie — iba pre zmene . =, = TE %ﬂi
— kompilacia znovupouzitelnych komponentov vo viakne

* Modelovanie poruch e = E
— systematické modelovanie a analyza R

o s 10
* Noveé a vylepsené bloky |
.

Interaktivne kurzy

— Simscape Battery Onramp

— Power Systems Simulation Onramp .

82
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|dentifikacia systémov —

* Reduced Order Modeler app
— redukované modely zalozené na Al
— urychlenie simulacnych modelov

— tvorba experientov, trénovanie a export modelu

* Nonlinear ARX, Hammerstein-Wiener model - |

Session opened, Ful_model_ROMSession_fnal mat

— neurdnove siete

Ve Uceni S fote —
— strojove ucenie

State Network (f) Output Network (g)

— inicializacia modelu v System ldentification app

Nonlinear Function

Outputis) use Linear Funced VWavelet Network =

* Neural state-space model e

Oulput funchan contiguraton tor output: 1emp| 1 7€ PaITtitiON

" 5] Sigmoid Network
— nelinearny stavovy model zaloZzeny na Al e o et

/| Reguianze.

Gaussian Process
Shrink | Rs

— neural state-space live task e Tl

Support Vector Machine
ace
Tione —

Neural State Space Model

83
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Riadiace systémy

h 4
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« Control System Toolbox

— blok LTV System — linearny Casovo-variantny

— sparse state-space models — Model Reducer app

 Model Predictive Control Toolbox

— rieSice pre urychlenie MPC
« alternating direction method of multipliers (ADMM)
 C/GMRES

* Fuzzy Logic Toolbox
— tvorba a ladenie FIS stromov
— blok Simulinku pre FIS stromy
— genervanie MATLAB kodu z FIS

*(t)
x(1)
— (B
L LTV b
LTV Model
Syntax
l1tvSys = ltvss(DataFcn)
1tvSys = ltvss(DataFcn,ts)
1tvSys = ltvss(DataFcn,ts,tcheck)
1tvSys = ltvss( __ ,Name=Value)
ip Function (MF) Editor Rub > i PROPERTY EDITOR: CONNECTION

||||||

|||||

||||||
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Reinforcement Learning

Normalizacia vstupov

— stabilnejsie trénovanie

Reinforcement Learning Data Viewer

— Vizualizacia logovanych dat

Vylepsenie trénovania
— DQN, DDPG, TD3, SAC, PPO, TRPO

Evolutionary reinforcement learning

— stratégie pre efektivnejSie vypocCty

Multi-agent reinforcement learning

— trénovanie viacerych agentov v MATLABe

&
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Fitness Index, Experiences

Off-Policy
Actor-Critic RL (SAC,DDPG,TD3)

Replay Buffer
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Optimalizacia riadenia a navrhu

86

Bloky pre pracu s poruchami
— Extended State Observer

— Disturbance Compensator

Odhad frekven€nej odozvy

— Sinestream Signal Generator

— PRBS Signal Generator Ystarts

Ladenie v realnom Case
— Gain-Scheduled PID Autotuner
— Closed-Loop PID Autotuner

Simulink Design Optimization

— optimalizacia s referenCnymi konfiguraciami

R
= J:/’/ i ®
£ HUMUSOFT
u
1) +_ — u
u0 dhat
C 1y
Y
Extended State Observer
Bode Diagram
230 .
_ -3b5F
m
E 40s
@
R
=
gﬁ 50 |
=
Sinestream -Bh |
tart'stop Signal in (¥ .
Genera tor 'bg i
_. 45}
[=))
o "
Sinestream Signal Generator o 90
ik}
o -135
i Linear Plant Model
-180 F #UUsing Sinestream Signal Generator
Using Frequency Response Estimator
225 L :
10° 10°
Frequency (rad/s)
Ju
. u+Au >
Gain-Scheduled
dy
FID ;ﬂautmtt.lruafrl:l ns
 start/stop pic gains
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Prediktivna udrzba

Zjednodusenie monitorovania RUL

— Health Indicator Designer app

— kombinacia indikatorov do jedného

— generovanie kodu pre MATLAB

o 1 10 1" 100 101 1o m

» Vyvazené datové podmnoziny

— funkcia subset nepotrebuje indexi explicithe

« Konverzia vibracnych dat na ISO Standard

— funkcia convertvibration

« Extrakcia prediktorov v aplikaciach a taskoch

— Diagnostic Feature Designer

02 . . . . . . . . .
0 002 004 006 008 01 012 014 016 018 02

— Extract Spectral Features Live Editor task
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Automobily

200 F=—]

Export scenara do RoadRunnera

150

— drivingScenario — cesty, dynamické objekty =

100 |

Import RoadRunner scény

- eXpOrtované FBX Sl:lbory ¥ 120 100 8 60 40 20 0 20

Y (m)

ReferenCna aplikacia nabijania

— nabijanie EV pomocou NACS (Tesla) EV Charging

Virtual Vehicle Composer =
— vylepSenie rozhranie a rychlost | SMO=E==0O8 ¢ ' .

Praca s modelmi pneumatik

— Extended Tire Features support package @  — =
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Autondmne systemy a robotika

Podpora robotov
— Techman manipulator robots

— rozsirenia pre Universal Robots

Optimalizacia trajektorie
— dICHOMP — urychlenie planovania s Al

Detekcia kolizii
— dekompozicia nekonvexnych meshov

— geometria na Strukturu — pre planovanie

Floating Joints

— 6-DOF dynamika a kinematika
Generovanie UDRF z rigidBodyTree objektu J q]

89



P
B P

£ HUMUSOFT

UAV zariadenia

Longitudinal Wind Velocity
T T

Wind Velocity (m/s)
=1

* UAV scenare Y Vil
- 0 10 20 30 Dism?ée(m} 30 60 70 80
— modelovanie efektov vetra 7, Loterat wina veiocry
— Urychlenie simulacie s lidarom Sl AT
=0 10 20 30 Dista?é:e(m} 50 60 70 80
[ ‘.:erlical'll\"llnd‘.rek)cil?'

Vizualizacia logov

Wind Velocity (m/s)
=1

o —

available from the U.S. Geological Survey. - Source: Esri, Maxar, Earthstar Geographics, and the GIS

i i i i i i i «J
10 20 30 40 30 60 70 80 “
s s i Rame S

— zobrazenie letu na 3D mape

« PX4 Autopiloty

— Firmware v1.14 —— e
| e
— podpora Cube Orange Plus a Pixhawk 6¢ o S
» Referencny priklad

— VTOL UAYV Controller Template
— VTOL UAYV controller template to PX4 hardware for HIL simulation
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Aerospace

 Satellite Scenario
— novy numericky propagator — poloha a rychlost satelitov
— zahrnutie dalsich platforiem
— rendrovanie 3d modelov v scenariu
— urychlenie simulacie — 4x pre 2000 satelitov
* Podpora JSBSim modelu

— tvorba fixed-wing z JSBSim modelu

« Simulacia v 3D prostredi
— blok Simulation 3D Spacecraft — CubeSats, SmallSats

— Use Earth center as origin (ECEF)
— bloky lietadiel — Simulation 3D Aircraft
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Autonomne systemy a robotika . [ BN e
» Odhad orientacie = - e —_—
— blok IMU Filter ELC] EC] R &

o ) o
0 5 10 0 5 10 0

X [meters) X [meters] X [meters)

&..\ 0

— blok ecompass { S R R N G g R

3
B

Y [meters]
»  ®

Y [meters]
o =

Y [meters)
o

— Motion Planning Networks (MPNet) ; 15 ;

2 2 2
- - o 0 0
- L4 3 5 10 3 5 10 0 5 10
« (Generovanie kodu — objekty sledovania
4\ ROS Data Analyzer - noLidarFramelnTF_and_disconnectedTF.bag - =} X
ROS DATA ANALYZER
— generateCode S ® bg] [ Ly DB RS @
Open L Default  Grid | Add Manage Add Tag
5 Image  PointCloud LaserScan  Odometry ~ XYPlot  Time Plot et [l
I VISUALIZE LAvoUT BOOKMARKS | TAGS
Topic List Odometry X i [ Laser scan x ; Bookmarks
traC ke rG N N traC ke rJ I D A traC ke r F I I D lodom 9815 | | jodom v | | [iscan v | |Label Start Time Duration
y y y wus nav_msgs/Odometry 100 Hz Bookmark_widz 0
| ume AR q,
Iscan 940 0y . B =
2]
sensor_msgs/LaserScan 10 Hz N 2 2
Aﬂm(e}:@@l(SQZ 024
N " r . r e 12169 Y T X
° 12_msgs/TFMessage 124 Hz .
Message X : XY Plot X
lodom.Header v X-Axis: | /odom.Pose.Pose.Orientation.W v |
| Y-Axis: [/odom.Pose.Pose.Orientation. v R
MessageType : std_msgs/Header
Seq 417909 ~ Tags
> {t +

— R ‘ * I l | stamp !
D I Z r Source Details Sec : 4179 b4 02 0 02 04 06 08 1 |AddTagstothe loaded Bag fie
Ne Nsec : 100000000 b X
Tag

ame
noLidarFramelnTF_and_disconnectedTF.bag (2.4.
Playback

Start time.
01-Jan-1970 06:39:39.100

End time
01-Jan-1970 06:41:17.310 i | |

- Rozsirena podpora Simulinku pre ROS2 == e

V;A;’st‘age(uunl Elapsed Time v | |0.000000000 Playback Speed: [1x v || M > M | Reference Topic: |v
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Priemyslené komunikacie

« Bloky Simulinku pre OPC UA
— OPC UA Read
— OPC UA Write

* Metody pre OPC UA

« MATLAB Online
— podpora standardu MQTT

* Vehicle Network

— CAN bloky podporuju 64bit integer
— CAN Pack, CAN Unpack — podpora ARXML
— podpora pre SocketCAN (Linux)

— ovladace zariadeni — potrebné doinstalovat
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P
Value p
OPC UA Write
. OPC UA Read
SimulationServer@MATHWORKS-hEabo o mestamp [
No nodes selected SlmulahonSemr@MATHWORKmIEo
Quality
OPC UA Write OPC UA Read
|EI Block Parameters: OPC UA Read X

OPC UA Read

Read data from an OPC UA server. The Value port outputs node values
of different datatypes to a Simulink bus. The optional guality port is a
vector of boolean values indicating if the quality of the value read is
good. The optional Timestamp port is a double vector represented as
datenum or seconds since start.

Parameters
Server SimulationServer@MATHWORKS-hEabo ~ Refresh
Configure servers
Nodes

Filter table contents

1 Sinusoid 3

Add Delete Move up Move down

{ OK Cancel Help Apply
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Aplikacie pre zariadenia

 Instrument Explorer App

— Pripojenie zariadeni pomocou IVI a
VXlplug&play ovladacov

— prechadzanie vlastnosti a metod
ovladacCov

— generovanie MATLAB koédu na zaklade
interakcii

« Simulink

— blok VISA

— UDP bloky podporuju rapid accelerator
* Prikazy find

— serialportfind, tcpclientfind, ...

94
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EXPLORER
E Functions/Properties Actions MATLAB Code Log }: o
L. [ .| B
: Search Frequ... 1|% Create an ividev object called ds <
o — 2 |% resource name "TCPIP®::172.31.17: a
> Get Value Gc| . =
o DetectorTypeAuto - _ - 3 |% driver. m
| FrequencyOffset Set Value |"' S¢ | 4 |dev = ividev("AgXSAn", “TCPIP@::17.v| ©
' 1 » |
FrequencyStart
quency Activity Log
FrequencyStop
| |Function/Pro... |Input N... |Input Value Output ... |Output Value
Inputimpedance
MarkerType 1 | FrequencyStart 10000000
NumberOfSweeps .2 FrequencyStop _ _ _ _26500{100{)00
ReferencelLevel _
ReferenceLevelOffset
ResolutionBandwidth ™

I VISA EXPLORER

COMMUNICATION

WRITE | READ LOG ANALYZE | EXPORT = CLOSE
v v h - A b4
7]
Binblock Custom Header @ | Property Inspector
Data Format | ASCII-T... ~ | = n
(®) Data to Write *IDN? | | . ~ IDENTIFICATION
Data Type | string - | . Write WriteRead
(_) Workspace Variable I ResourceName TCPIPO:
b Keysight Technologies,N9040B,US... | 1.|st... | 05-Feb... || 0
N9040B VISA-tcpip WriteRead |*IDN? 1.|st... | 05-Feb..
Type tcpip
Resource Name: T... Keysight Technologies,N9040B,US.... | 1. 5t...|05—Feb...|
so| Vendor: Keysight T... Vendor Keysight [
4 Model N9040B | |
MATLAE Code Log
| SerialNumber US00091

1|% Create a VISA connection using the resourc’ . [
2 |visadevObj = visadev("TCPIP®::172.31.173.155
COM3 VISA-serial 3 w» COMMUNICATION
4 |% Initiate a query-response with the visadev ) :
Resource Name: A... 5 |datal = writeread(visadevObj,"*IDN?"); ferminator |ofLF
6 Timeout 10 ',
o Tl % Initiate a query-response with the visadev ™ ’||
‘ »
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Generovanie kodu — 4000 funkcii, 39 Toolboxov
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4000

3500

R2019b R2020a

= 5G Toolbox

= Aerospace Toolbox

= Antenna Toolbox

= Audio System Toolbox

= Automated Driving Toolbox
. Bluetooth Toolbox

= Communications Toolbox
= Computer Vision Toolbox
= Control System Toolbox
. Deep Learning Toolbox

= DSP System Toolbox

= Fixed-Point Designer

= Fuzzy Logic Toolbox

R2020b

R2021a R2021b R2022a

Image Acquisition Toolbox

Image Processing Toolbox
Industrial Communication Toolbox
Instrumental Control Toolbox
Lidar Toolbox

Mapping Toolbox

Mixed-Signal Blockset

Model Predictive Control Toolbox
Navigation Toolbox

Optimization Toolbox

Phased Array System Toolbox
Predictive Maintenance Toolbox
Radar Toolbox

3000
2500
2000
1500
1000

500

R2022b

A

£ THUMUSOFT

4,000

R2023a R2023b R2024a

Reinforcement Learning Toolbox
Robotics System Toolbox

ROS Toolbox

Satellite Communications Toolbox
Sensor Fusion and Tracking Toolbox
SerDes Toolbox

Signal Processing Toolbox

Stats & Machine Learning Toolbox
System Identification Toolbox
UAV Toolbox

Vision HDL Toolbox

Wavelet Toolbox

WLAN System Toolbox



P
I 7

£ HUMUSOFT

Simulacia a testovanie v realnom case

Simulink Desktop Real-Time

— platformy Windows, macOS a Linux

Dostupné Linuxove platformy
— Debian 11, Debian 12
— Ubuntu 22.04, 20.04
— Red Hat 9.2, 8.7

openExample( 'sldrtex counter'};

- SUSE 15, 12 myRunStatus = SLDRT.run{'sldrtex_counter',Wait="off");

myRunStatus.Running

Rozhranie pre SLDRT

— funkcie pre ovladanie z prikazoveho riadku

ans =

logical

Simulink Real-Time .

— platformovo Specificka podpora - system target files (STFs)
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R2024a Release Highlights — MATLAB and Simulink

Discover What's New

Get more out of MATLAB and Simulink by downloading the
latest release.

Download now

Major Updates

+ Computer Vision Toolbox — Deploy YOLOX object detection; conduct team-based labeling; perform real-time visual SLAM.

+ Deep Learning Toolbox — Support architectures such as transformers; import and co-simulate PyTorch and TensorFlow models.

+ GPU Coder - Generate generic CUDA for deep learning; use single memory manager and profile code for MEX code generation.
Instrument Control Toolbox — Use the Instrument Explorer app to manage devices with IVl and VXIplug&play drivers without writing code.

+ Satellite Communications Toolbox — Model multiplatform scenarios and perform visibility and communications link analyses on them.

+ UAV Toolbox — Design and deploy flight controller for a vertical take-off and landing (VTOL) UAV with PX4 hardware-in-the-loop simulation;
interface with PX4 Cube Orange Plus and Pixhawk 6c autopilots.
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Help Center

= CONTENTS

# Documentation Home

Category

MATLAB

Simulink

5G Toolbox

Aerozpace Blockset
Aerospace Toolbox
Antenna Toolbox

Audio Toolbox

Autornated Driving Toolbox
AUTOSAR Blockset
Bioinfermatics Toolbox
Bluetooth Toolbox

C2000 Microcontroller Blockset
Communications Toolbox

Computer Vision Toolbox

Documentation  Examples  Functions

Release Notes

Explore Release Notes

Select a Product -

New Products and Major Updates

Blocks Apps  Videos  Answers

rch Help Center

Resources

Installation and Licensing Changes
System Requirements

Bug Reports

Bug Fixes

Help Center -

§ Trial Software § Product Updates

R2024a

Q

Bioinformatics Toolbox

Read, analvze, and visualize genomic
and proteomic data

Computer Vision Toolbox

Design and test computer vision
systems

Deep Learning Toolbox

Design, train, analyze, and simulate
deep leaming networks

GPU Coder

Generate CUDA® code for NVIDIA®
GPUS

Instrument Control Toolbox

Control test and measurement
instruments and communicate with
computer peripherals

Satellite Communications
Toolbox

Simulate, analyze, and test satellite
communications systems and links

Simulink 3D Animation

Simulate and visualize dynamic
systems in a 3D environment

UAV Toolbox

Design, simulate, and deploy LAV
applications

&
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Online sluzby

MATLAB Online

MATLAB Grader

MATLAB Drive
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MATLAB a Simulink vlastnym tempom

Self-Paced Online Courses

Home My Courses

Learn MATLAB and Simulink at your own
pace

o Complete hands-on exercises.

« Take entire courses or focus on specific topics.

® Watch an introduction (1 min) » View courses you've started

Self-Paced Courses

MATLAB (6)

MATLAB Onramp

14 modules | 2 hours | Languages

Simulink (7) "
Get started quickly with the basics of MATLAB.
Al, Machine Learning, and Deep

Learning (6)
Math and Optimization (6) Simulink Onramp

: : 14 modules | 2 hours | Languages
Image and Signal Processing (6) guag

Get started quickly with the basics of Simulink.

https://matlabacademy.mathworks.com
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