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Z0znam noviniek

 Release notes

« Filtrovanie vysledkov

— Kategorie

— Klucové slova

— Rozsah verzii

Category

MATLAB

[ Environment

[J Language and Programming
[J Data Analysis

[ Data Import and Export

[J Mathematics

[ Graphics

&5
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Found 74 notes | Release Range: R2021b to R2023a

Sort by: | Release: Latest to Earliest

I

Performance

~S-sorware DevetopTErT Toos

[ External Language Interfaces
(J Hardware Support

Simulink
5G Toolbox
Aerospace Blockset

Aerospace Toolbox

Text Filter

Release Range:

‘R202‘Ib v |to

R2023a v ‘

Compatibility Considerations /L\.

[J Incompatibilities Only

v R2023a

New Features, Bug Fixes, Compatibility Considerations expand all

Performance

» Language and Programming: Improved performance when calling functions and methods
> Function Handles: Improved performance when invoking handles to named functions

> varargin Argument: Improved performance when specifying zero or more inputs

» timetable Data Type Indexing: Improved performance when subscripting with times or with withtol
subscript

> Complex Matrices: Improved performance when using colon indexing to copy complex matrices

> mean, std, var, and rmse Functions: Improved performance when computing along default vector
dimension

» Moving Statistics Functions: Improved performance when computing over matrix with sample points
> histcounts Function: Improved performance with small numeric and logical input data

> fzero function: Improved performance

» Plots in Apps: Improved performance when rerendering axes

> Plots in Apps: Improved performance when creating axes

> Plots in Apps: Improved responsiveness of ruler-pan interaction

v

Live Editor: Improved performance when filtering numeric table variables

v

Property Inspector: Improved performance when opening for the first time

v

Property Inspector: Improved performance when switching between objects

v

Variables Editor: Improved performance of cell editing in MATLAB Online

> Variables Editor: Improved speed of data display when scrolling in MATLAB Online
> App Building: Improved app startup performance

* App Building: Improved startup performance for apps with multiple tabs Pisy

> App Building: Improved performance when resizing some apps
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double

739136

>> datestr(739136)
allsS =
'07-Sep-2023"

>>

£ THUMUSOFT

>> dnes = datetime ('today')
dnes =

datetime

07-Sep-2023

>> pred tyzdnom = datetime - 7

pred tyzdnom =

datetime

31-Aug-2023

>>



o=t

categorical table
) I!!Eiiﬂ
datetime duration calendarDuration

Str

timetable string

£ THUMUSOFT
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o
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| patients
EH 100x9 table
1 3 4 5 b 7 8 9
LastMame Age Location Height  Weight  Smoker  Systelic  Diastolic SelfAssessedHealthStatus
1 |"Smith" 38/ County General Hospital Fi 176 "true" 124 93| Excellent
2 "lohnson" 43 VA Hospital 69 163/"false" 109 77 Fair
3 "Williams" 38/5t. Mary's Medical Center 64 131|"false" 125 83 Good
4 "lones" 40 VA Hospital 67 133 "false" 17 75 Fair
5 "Brown" 49 County General Hospital 64 119/"false" 122 80 Good
6 "Davis" 46 5t. Mary's Medical Center 68 142|"false" 121 70 Good
7 "Miller” 33 VA Hospital 64 142 "true" 130 88 Good
8 ["Wilson" 40 VA Hospital 68 180 "false" 113 82|Good
9 |"Moore" 28/5t. Mary's Medical Center 68 183 "false" 113 78| Excellent
10 |"Taylor" 31| County General Hospital 66 132 "false" 118 86/ Excellent
11 |"Anderson” 45/County General Hospital 68 128 "false" 114 77| Excellent



table

>> scaledScores = testScores .* .25
scaledScores =
7x3 table

Testl Test2 Test3

22.5 21.75 23.25
21.75 21.25 20.75

21.5 21.25 22
18.75 20 18
22.25 21.5 21.75

24 23 24.5

19.5 18.75 19.25
>> meanScores = mean(scaledScores)
meanScores =
1x3 table

Testl Test2 Test3

21.464 21.071 21.357

>>

&5

gg_
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table

Region Color
North Red
North Green
North Red
South Green
South Green
South Red
East Red
East Green
East Green
West Red
West Green
West Red

pivot

o
£ THUMUSOFT
Region Green Red
North | [ 25 55
South 50 60
East 85 80
West 75 135
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>> weatherData

weatherData

12x2 timetable with

Time Temperature Humidity
01-Nov-2022 36 45
©2-Nov-2022 31 76
03-Nov-2022 37 43
04-Nov-2022 36 46
©5-Nov-2022 38 72
06-Nov-2022 32 54
©7-Nov-2022 35 50
©8-Nov-2022 34 45
09-Nov-2022 32 72
10-Nov-2022 30 58
11-Nov-2022 39 54
12-Nov-2022 34 58

>> snowEvents = weatherData(eventfilter("Snow"),:)

snowEvents

1x2 timetable with 4 events

Snow

>>

Time

Temperature

Humidity

08-Nov-2022

34

45

&5

gg_
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>> starsDictionary = dictionary(hrStars.ID, hrStars.Name)
starsDictionary =
dictionary (double --> string) with 332 entries:

897 --> "Acamar™

472 --> "Achernar™

219 --> "Achipd"
I 5984 --> "Acrab”

4357 --> "Zosma"

5531 --> "Zubenelgenubi™

5787 --> "Zubenelhakrabi™
— 5685 --> "Zubeneschamali”

dictionar‘y >> starsDictionary([897 4301 6812 4357]")

ans =

4x1 string array

"Acamar"
"Dubhe™
"Polis™
"Zosma"

>>



12

I

Types
= Bus
E Connection Bus
| Value Type
‘§, Alias Type
123 Numeric Type

Enum Type

£ THUMUSOFT
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[=] Type Editor - Manage Types - O X

TYPE EDITOR BOE @

8 9 = = @ 5 ot ) &

i i v || ¥ MoveD = : :
New Open & Tt Bus Connection Alias Value R ERET OpY E Columns - | Export
Bus Type Type fiil Delete -
FILE ADD EDIT VIEW SHARE a
Sources ) Contents of '‘Base Workspace' Filter contents Preperty Inspector ®
HE‘ Base Workspace Name Tvpe Cormblerite | Dimencione  Dimene| | Simulink.BusElement: Chirp
& myDataDictionary* v EE MechElec ~ Properties
== mech Cennection: founda... Name: |Chirp
- - 1 .
O elec Cennection: founda.., Data type: |dnub|e " o
v = NestedBus
Complexity: |real =

— Chirp double real 1 Fixed

—_ Sine double real 1 Fixed Dimensions: Dimensions mode: | Fixed R

v = NestedBus Bus: NestedBus real 1 Fixed Uniit: | |
— Chirp double real 1 Fived Description:
— Sine double real 1 Fixed
— Step double real 1 Fixed
[5] myFixptAlias  fixdt(0,16,7)
[=1] s16En15 Single
windVelocity single real [243] Fixed
£ >

Ready
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Zjednodusenie prace

*ﬁ untitled - Simulink

I SIMULATION DEBUG MODELING FORMAT APPS

~ L% ] Open ~ =] = Stop Time

" - 5] £=1
Save ; v

New Library Signal Step

v 4 Print ~ Browser Table Back «

FILE LIBRARY PREPARE SIMULATE

§ ) untitled

§ ® ||"& untitled

T

3

=

O E B S

14
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¥, untitled * - Simulink
SIMULATION DEBUG
2 Copen - | om
{ ES Simulink Library Browser

'*:3 Enter search term

MODELING

FORMAT

APPS

Stop Time
= O

Step
Back ¥

SIMULATE

— Simulink
g v Simulink = =
d Commonly Used Blocks h . V\
g Continuous — i
> Dashboard Additional Math  Commonly Continuous
Discontinuities & Discrete Used Blocks
Discrete
Logic and Bit Operations &? H k\,
Lookup Tables Es .
Math Operatic?ns Dashboard  Discontinuities Discrete
Matrix Operations
Messages & Events 35 ux *—-
| Model Verification 1 :: e - x
Model-Wide Utilities . ;
‘ Boits B Sibssters Logic aer Bit Lookup Math
) y Operations Tables Operations
Signal Attributes
Signal Routing @ 8 Koeh
Sinks
Sources - -
’ String o Matr‘lx Messages Mod.e!-}/VIde
| User-Defined Functions perations & Events Utilities
> Additional Math & Discrete @ ns# 2
> Quick Insert al &d @
> Aerospace Blockset
> Audio Toolbox Model Ports & Signal
> Automated Driving Toolbox Verification Subsystems Attributes
> AUTOSAR Blockset o b
> Communications Toolbox E ';1;: ‘)N'
T
Réady

100%

&5
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’i SiCiPtReferenceApplication * - Simulink

SIMULATION MODELING FORMAT

= . Y Open ~ %] Stop Time | 2474 o =

E R &0 X [!-]@wﬂb A
Project | New ave Library S etact Step Run Step Data

- v 4 Print ~ Browser 0@ Fast Restart Back ¥ v Forward Inspector
PROJECT FILE LIBRARY PREPARE SIMULATE REVIEW RESUL.. -
§ SiCiPtReferenceApplication =
§ ® E}SiCiPtReferenceApplication) v
3
| Q
8
c & Environment
3| =
5 %
g
2| >

(& >

= -

—P
FTP75 (2474 seconds) = "
Longitudinal Driver >
Controllers
7]
)
» e 1
- S -~ 125% ode23tb

16
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Minimalizacia programovania

<\ Signal Analyzer - untitled*

Data Cursors

nk ¢ -

Display Grid E]Legend it

DISPLAY OPTIONS

[d Clear Display  ~ ‘ @4

MEASURE

Filter Signals

v chp
chp_filtered —
x -

» 4] DialTones

DialTones tones

Workspace Browser

NAME & SIZE CLASS
E batsig 400x1 timetable
EH chirp double
e che doubie
] che_fitered double
LB mtib double
l;tl mtib_filtered doubie
ES timetable
s | song doubie
i tm double
] tm_filtered doubie
Lﬂ X double

SPECTRUM SPECTROGRAM

(/| SnaptoData @ < Q & @‘ﬁ“

QEw

ZOOM & PAN

VIEWS

-

REGION OF INTEREST

{ M ﬂEx!!mSignals -

Time Spectrum Time-Frequency Panner Prese

Units:| samples

Min: |

|0

13128
TIME LIMITS

1.313e+3 B8] 400e+3

6.00e+3

8.00e+3

120e+4

5 ]

£ THUMUSOFT

»

. Copy All Displays Generate Script
- -
SHARE
W chp_filtered
10

10
g 1 313e+3 59 100s+3 600e+3 800e+3 100e+4 120e+4
Samples
® DialTones tones
)
o 2 3 H 13 3 7 L3 3 10 M
Time {s)

S
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T FAVORITES
W M @ @ @ W @ % @
Curve Fitter Optimization PID Tuner System Wireless Signal Instrument SimBiology SimBiology  MATLAE Coder Application  Analog Input
Identification ‘Waveform G... Analyzer Control Model Builder Model Analy... Compiler Fecorder
& 8
Analog Modbus Web App
Cutput Gen... Explorer Compiler
AATLAE
= D LIETE ﬂ — ﬁ =
E = 4 l'-.l"|I '—ia = =
Class Diagram Code Analyzer Code Data Cleaner Dependency Profiler Test Browser
Viewer Compatibilit... Analyzer

AACHIME LEARMIMNG AMD DEEP LEARMIMNG

B & R s & @ & ] &

Classification Deep Metwork Deep Metwork  Experiment Meural Met Meural Met Meural Met Meural Met Fegression Feinforcement
Learner Designer Cuantizer Manager Clustering Fitting Pattern Rec... Time Series Learner Learning De...
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Live Editor Tasks

ans =

Data Analytics - Load Forecasting Case Study
1 05/01/2007 ... 9819000, 1.571
Load messy data 2 05/01/2007 .. 991.8000 1.568
load LETdata.mat 05/01/2007 .. 9501000 1.560
head(nyiso) : 05/01/2007 ... 968.9000  1.560
: 05/01/2007 ... 968.5000 1.555
. . ] 05/01/2007 .. 9492000 1.564
MISSlng Data T 05/01/2007 _.. 9416000 1.538
05/01/2007 ... 9394000 1.557
¥ | Clean Missing Data O
Find, fill, or remove missing data
Select data
Input data | select & X-ais | default v

Specify method

Cleaning method Fill missing v

Visualize results

19
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Import Data

AllNumbers | = Table with 7 columns imported from Al1Numbers.x1sx

~ Select source

File |CUsers\gnazirDownloads\App_Datasets\AlINumbers [

Type: Microsoft Excel Worksheet, Size: 10 KB

Sheet (Sh eetl ¥ ]

= Specify imported variable type

Type [Table

» Display results

-

Browse. .
s

v
AllNumbers = 29x7 table
var1 var2 var3 Vara Vars Vare ‘ Var?
1 6 7 0 52.6900 -8.7600
2 7 7! 0 55.3400 | -8.0400
3 8 7 0 57.9500 -8.2000
4 9 7! 0 62.3800 | -7.6900
5 10 7| 0 66.3000 | -7.0600
6 1 7 0 67.9500 -6.0900
7 12 7! 0 68.4000 | -5.5200
8 13 7 0 67.5000 5
9 14 7! 0 66.2000 -4.3900

$ix

HUMUSOFT"
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% & %I

]
E

J—E] Refactor ¥

E‘ =] section Break [> @b ’

P
RUN 24 Run and Advance

Run Step Stop
Section Eﬂ Run to End

| Create Signal

€ SIMULINK

Create Signal

Draw and refine signal values for vectors, timeseries, and timetables

(u]m]
_EIE

~ Create signal values

f / ,90 ® 0—}-’ % Snap Xto:| |Tick| |Grid

Snap Y to: || Tick| | Grid N @Q)¢y |Tme Dwta
0.6065 2.1800

£

HUMUSOFT"
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Tvorba vlastnych nastrojov

£ THUMUSOFT

Plate Browser Summary Tables |
| SelectFiles | CurrentFile: microtiter_data0001 csv
Microplate Plot EC50 Curves
100 120 : . . . .
" @@@OOOOOOOOO ——
100} P EIE—:/}?“‘#_ —F
' 00000000V O0O e a7 |
80F a4
‘| @@@O VOOV L t/ /o f]
D 8:8: 8888 8888 -E:l EU | . ll..l. ll. III.II |
in 7 T .__.- | || I|
E L oS /O] |
aw = 40 /S /[
| @@@@OOOOOOOO 75yl
20F iy + /1 £
‘| 90000®O®O®O OOV 2 o/ ) A
e e - ey A
N 1 1 [ ] ' 1O/0000 R e e
o -20 2 : 1
) o ) - -2 1 0 1 2 3 4 5 ]
| Previous File | | NextFile | Log [Compound]

File Compound Nr | MegControl Conci Conc2 Conc3 Concd Conch Conch Concy Conc8
microtiter_d... 1 -0.074 0.3564 98759 36.8743 91.7323 95,7084 971532 897.1910 971940 -
microtiter_d. .. 2 -0.0143 -0.5044 -0.5044 -0.5044 -0.5044 -0.5044 -0.5043 -0.4544 17.0436
microtiter_d. .. 3 0.0054 -0.4702 3.1958 52.9698 g7 5746 100.5006 100.6086 100.6086 100.6086
microtiter_d. .. 4 0.1096 0.2325 0.2385 0.3712 3.2339 411060 947343 100.6591 100.9487
microtiter_d. .. 5 -0.0572 -0.74561 1.7104 26.8872 84.5134 992335 100.4717 100.5601 100.5700 -

1 3
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Generate Fractal Tree
E = Generate mesmerizing fractal trees

=
N: | |
0 100
]
Rotation: | |
0 2n
Color: [Magenta v )
v

60 -50 -40 -30 -20 -10

© e

T HUMUSOFT
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gas
T =
El=

"carbon dioxide";

350

aLg

40;

Terit
Pcrit

Z =

criticalValues{criticalValues.Gas == lower(gas), 'CriticalTempK'};
criticalValues{criticalValues.Gas == lower(gas), 'CriticalPressBar'};

compressibilityFactor(Tcrit, P, T, Pcrit);

plot(P,Z)

xlabel('Pressure, bars');
ylabel('Compressibility Factor, Z');
title(strcat(gas,” @ ",num2str(T)," Kelvin"));

-essibility Factor, Z

carbon dioxide @ 350 Kelvin

o
©
>

0.94+

0.92¢

&5

gg_
£ HUMUSOFT’
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gas = ["carbon dioxide" v ] 5
Tcrit = criticalValues{criticalValues.Gas == lower(gas), 'CriticalTempK'};
Pcrit = criticalValues{criticalValues.Gas == lower(gas), 'CriticalPressBar'};

Z = compressibilityFactor(Tcrit, P, T, Pcrit);

plot(P,Z)

xlabel( 'Pressure, bars');
ylabel('Compressibility Factor, Z');
title(strcat(gas,”" @ ",num2str(T)," Kelvin"))ﬂ

carbon dioxide @ 350 Kelvin

0.98¢

o
©
D

o
©
i

‘essibility Factor, Z

o
©
N

25
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'S

gas ["carbon dioxide" v ]

T

P | 1:40 |

J

carbon dioxide @ 350 Kelvin

o
©
=

Compressibility Factor, Z
o
e}
n

o
©

0.887

0.86 : : : - : : :
0 5 10 15 20 25 30 35 40
Pressure, bars

26
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Generate polynomials

X Minimum:

X Maximum:
X Step:

Degree:

Alpha:

Polynomial: [LaguerreN(n, alpha, x)

Hold

Title

o
A1l

4

My fancy plot

My fancy plot

Import Patient Data

filename

RN

(€3 Get F&e_] : Selact File

£ THUMUSOFT
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@ Visualize

’ Enter workspace variable | ¥ P layba C k B |.O C k ReCO rd B l.OC k . . = == \ 7 1

- D > ) O

| Enter file name ‘ 2=

Log

1= 1=

Record To Record To

Workspace ¥  File =
RECORD

Open Add Signals dialog box

28
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Rychle a opakovatelné testy

Record Block Playback Block

) O D >

18
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Krokovanie simulacie

=)
o ce e
- 5> = Iy -
@ Add Breakpoint <m l"> O |lgstepin &
Add conditional breakpoint to selected element Step  Continue  Step Step |(J Step Out Stop
Back ¥ v Forward | Over
SIMULATE
’i showDebugging - Simulink
SIMULATION MODELING FORMAT APPS ‘
Pause Time| (sec) Stop Time ’“10.0 — 4
° I—} é T S <m w UD J H!j Step In \.J
Diagnostics Information | TOOLS :Add Smetpckd 5 Update ANIMATION Step Continue  Step Step | StepOut Stop
v Overlays ~ g Breakpoints List Model ~ ~ Back ~ v Forward | Over
PERFORMANCE DIAGNOSTICS BREAKPOINTS COMPILE SIMULATE A
s = __ showDebugging * MATLAB Function Chart For Iterator Subsystem Ramp =
@ "a|showDebugging » v
CY
E3
=
- >
= S > v 4y u*2 ctorgy D)
fen
O] Gain - Bias
MATLAB Function For Iterator
Subsystem
Ramp
]
»
Paused on breakpoint: showDebugging/Sum:1 B 150% T=2.200 B 2% auto(VariableStepDiscrete)

30
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Urychlenie simulacii

e
&

Accelerator

Rapid Accelerator

Pul
&
.

SIMD

Model
Referencing
Fast Restart
Accelerator Modes
Simulink Cache
Performance Advisor

Multi-Core Co-Simulation

Hardware Acceleration

£ THUMUSOFT
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Performance Advisor

= 1 Baseline @1 @0 A0 L0

@ Create baseline

Passed Baseline generated successfully. Simulation took 00:00:00.580 seconds.

Input Parameters Selection

Stop Time 10
Check to view baseline signals and set their tolerances. false

= 2 Simulation @2 Qo A2 g

= 2.1 Checks Occurring Before Update @1 Qo A2 U6

& 1dentify resource-intensive diagnostic settings

Some diagnostics incur run-time overhead during simulation. Review the following parame
for these parameters.

Click link(s) to make changes manually. Alternatively, click the 'Modify all' button below to

| Severity| Diagnostics checked

Solver L] Diagnostics = Solver data inconsistency

Signals & Diagnostics = Data Validity = Signal resolution

] Diagnostics = Data Validity = Division by singular matrix
] Diagnostics = Data Validity = Inf or nan block output
L]
L]
b
&

Diagnostics = Data Validity = Simulation range checking
Diagnostics = Data Validity = Array bounds exceeded
Diagnostics = Data Validity = Detect read before write
Diagnostics = Data Validity = Detect write after read

DSM Blocks

$ix

HUMUSOFT"
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Model Browser

Referenced Files
O E 4B @

®

o
£ HUMUSOFT"
DCMotor_localsolver
DCMotor_Iocalsolver 4 v
DC Motor model with model reference local solver
Position
DCMotor Mechanical
) «
Input vollageF t S l Position fposition
a S Current current OW
,  Dynamics DynamicCSspeeal . = .
Speed
Electrical Mechanical
Top Solver Local Solver
¥ Solver
Use local solver: on
Solver: FixedStepAuto
Fixed step: auto
Input signal handli... Auto -
Output signal hand... Use solver interpo -
VariableStepAuto
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Average Speedup in Customer Workflows

2.3X
145XIIIIIII

R2015b R2022b

Functions 1.6Xx
Function handles 40x

o
£ THUMUSOFT
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Code Analyzer

The Code Analyzer identifies and addresses code issues, including problems and areas for improvement.

Overall Summary

0 A
11 0 8

Error Warning

total files

Info

[ |1 Select Folder ] /Users/mhirsch/Library/CloudStorage/OneDrive-MathWorks/mfiles/Demos/TwitterAnalysis

[ Rerun Analysis ] Group by Severity v] [ Filter by Severity

7|

Filter by Issue Type

Code Health Details
Analysis Date: 3/31/2023, 5:28:42 PM

Warning (8)

» A\ Input argument might be unused. Consider replacing the argument with ~ instead. (3)

» A To avoid conflicts with functions on the path, specify variables to load from file. (3)

» A Variable might be used before it is defined. (1)

» A Value assigned to variable might be unused. (1)

Info (4)

- @ Add a semicolon after the statement to hide the output (in a script). (3)

J
=
=

Line 3 Script1_ImportTwitterData.mc = twitter (c.ConsumerKey,c.ConsumerSecret, c.AccessToken,c.AccessToker Fix
Line 14 Script1_ImportTwitterData.m statuses = [statuses;sRefresh.Body.Data.statuses] Fix
Line 47 Script1_ImportTwitterData.m tweets = timetable (tweetTexts, 'RowTimes', datetime (tweetTimes,'Format' Fix

;%;j
£ THUMUSOFT
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Fix All

~cessToken, c.AccessToker

Fix

25 ]

rime (tweetTimes, 'Format'’

3 evalin('"base", " newvar
4 /\

Fix

] + X)

o Flight Analysis Team standards prohibit use of evalin.

~

£ THUMUSOFT
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Test Browser — O
4

=~ D> WDBE & @3 &1 @1 Oo

- ‘B sampleTest

©) sampleTest/testA
v @ sampleTest/itests
& verifyGreaterThan failed. Line 10
&) sampleTest/testC
. assumeTrue failed. Line 18

@ sampleTest/testE

+ Test Diagnostics Viewer

Incomplete: testD

An assumption was not met in sampleTest/testD and it filtered the
remainder of the test.

assumeTrue failed.
--» The value must be logical. It is of type "double™.

£ HHUMUSOFT
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MATLAB Test Manager: All Tests in Current Project

15

Total Tests

@) ®

14 1
Fassed Failed

Test Details Expand Al | Filter by text

Test

Diagnostic

* () tests/graph_unit tests.m

unit

testsicheck

unity path

&) araph

unit

testsicheck

longest paih

) graph
) graph

unit

testsicheck

edgeless siard

) graph

unit

testsicheck

edgeless graph

) graph

unit

testsicheck

non_unigue

&) araph

unit

testsicheck

invalid _idx _emphy_adj

) graph

unit

testsicheck

no path

&) araph

unit

testsicheck

start end same

MATLAB Test

&5

£ HUMUSOFT’

Error Warning Info
Coverage
Function I 1 00%
Statement [ 23.7%
Decision B :05%
Condition N 5%
MC/DG [ ] 53.3%

Tasts

B Passed 85.7%
H Failed 14.3%
I Incomplete 0%

Mot Run 0%
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>> buildtool -tasks

check - Identify code issues
test - Run unit tests
Toolbox - Package Toolbox

>> buildtool
** Starting check
** Finished check

*¥* Starting test
** Finished test

** Starting toolbox
** Finished toolbox
>>
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Projekty

4 Dependency Analyzer - Airframe Example

% &, ;‘E - ﬁ %I QZoomln @ Q IA_%I

Analyze Restore MATLAB Class Model Horizontal Vertical Fit & Zoomout File | Find | Project Export
- to Default Files Hierarchy  Hierarchy to View List v -
ANALYZE VIEWS IMPACT ANALYSIS LAYOUT NAVIGATE SHOW | FIND EXPORT
Legend
mmmmm MATLAB Code (7 of 7)
mmmmm Simulink Models and Libraries (8 of 8)
Data (3 of 3) - ¥ AnalogControl.six j)—l\
s Source Code (2 of 2) ( M {LinearAcmator'Sk 5
mmmmm  Other Files (1 of 1) e — J . )
slproject_f14.slx O—%# NonLinearActuator.slx O—<———, DigitalControl.slx ¢+. controller.sldd o

— system_model.sldd P

vertical_channel.slx

timesthree.tic

>—>‘ 14 _airframe.slx S —

“—4& timesthree. mexw64 O~

————————————
f14_airframe_test.m o ~ ;;. timesthree.c

43
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sldemo_mdiref_heat2cost.slx
Model

sldemo_mdiref_heater.slx
Model

sldemo_mdiref_house.slx
Model

sldemo_mdlref_outdoor_temp.six
Model

Properties
¥ Proaucts

MATLAB

Simulink

« Blocks

Blocks in sldemo_mdlref_heat2cost have no
dependencies

&5

£ HUMUSOFT’
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i

ﬁ Gasoline g Electric ﬁ Gasaline g Electric

- Ga}

g Electric
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Variant Manager Support Package

Sprava

a7

li@} Variant Manager: slexVariantManagement

VARIANT MANAGER

[ Ctrivar 0
Hervar 1 0
[s]ctrivar 2 0

leni = o

Diagnostics

AT
update di... topData.sldd
topData.sldd
topData.sldd

PR PR |

» Preferred Configuration

Simulink.VariantConfigurationData V @ Lsl Import from file L‘% L‘% L’k View blocks

‘vcd ‘ Apply  Reload L5 Export to file Generate Activate Search [a\l variant
changes object Configurations | Configuration
SETUP ACTIVATE RESULTS VIEW
Configurations  Constraints System  Blocks  Stateflow
Configurations %) Model Hierarchy activated for: topData.sldd
| ri ntrol
topData.sldd
V slexVariantManagement
‘{F‘ I3 controller
"3 Linear Controller Ctrl == ControllerType.Linear

LinInterExpNoNoise

LinInterExpWithNoise "

LinInterStd .

v[& Sensor Modifier
NonLinExterLowFid
E AlSensor (Submodel: slexXVMA... SmartSensorMod==SmartSensor.Al
NonLinExterHighFid
LinExterHighFid
’ (& Plant
>

¥ Control Variables v Internal PlantLoc == PlantLocation.Internal
topData.sldd v P34 Experimental SimType==InternalPlant.Experimental
E CL;:' - . f v (@ Variant Source

5 ]
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Variant Manager Support Package

VARIANT ANALYSIS

4\ Variant Configuration Analysis

Search Elocks| Search Block

| @ Always Active

© Partially Active

View Blocks | All Blocks -
O Never Active
FILTER
Act... |Model Hierarchy LininterExpN... | LininterExpW...
- slexVariantManagement
Q Change Variant Configuration C v
Q ~ Controller < v
Q sensor < v
O ~ Linear Controller c3s c3v
l 4 (0] sensor v v
An a yza O Discrete Transfer Fcn | v
O Discrete-Time Integrator|
[} Outt v J
O ~ Nonlinear Controller c4 c4
O sensor
O 1-D Lookup Table
O Dizcrete-Time Integrator
[} Outt
(@) ~ Smart Controller c5 ch5
(@) Sensor
(@) * Sensor Modifier
o Ind
ANNOTATION
Annotation Condition
c3 Ctrl == ControllerType.Linear
cd Ctrl == ControllerType.Monlinear
ch Ctrl == ControllerType. Smart
cl FidType == Fidelity High
c2 FidType == Fidelity. Low
cil Moise == NoiseType.Gaussian
c8 PlaniLoc == PlantLocation. External
c9 PlaniLoc == PlantLocation. Internal

48

LininterStd

ch

NonLinExter...

cd

ch

A

NonLinExterL...

cd.

()

5 ]

£ THUMUSOFT
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Variant Manager Support Package

-
|
>

AD3 —P Devi
: S
AD4 ‘—P

B series f »

AD5 ‘
AD6 —
o

Redukcia M

AD1 ‘—b‘a
L \
AD2 —p
Aseries

Normalized Sensor s

Filter

evice
eries
[\
"s_L) If !
ADS o
Vendor
X Sensor

ADS5 ——— P Normalized Sensor s

Out1

Filter

49



50

prs
£

“THUMUSOFT’




51

Al & Alito

=
nomy

Electrification

i
{ i °* e \
gonnektivity\

£ THUMUSOFT



2 HUMUSOFT
Service-Oriented Architecture (SOA)

Application Services

L)L

T

Middleware

High Performance Hardware or
Virtual Machine

52
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Od architectury k navrhu

LaneGuidanceArch

LaneGuidanceMgr j

]
Lane GuidanceApp

Od navrhu ku kédu

@ .) RadarData . List

Popis architektury
@ ) :lass scServiceInterfaceExample final

// public data and function members

nav C ® nav

f?\

objects = List(res,sigma)

public:

Implementécia névrhu // Block signals (default storage)

= struct B_scServiceInterfaceExample_T {

42 real_T fetchData_b;

L] L] L] L]
43 real_T reset_d; * * * *
44 real_T fetchData_m;

45 real_T reset_p;
b

Generovanie C++ kodu

53
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Popis architektury

Controller Sensor
Definicia
Client C ® Server
) lizACi sensorCmd o
Vizualizacia e
| data = fetchData()
reset(resetData)
o

54
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Implementacia navrhu

Modelovani
e

Simulacia

Server

Client

s EL LR :(.:u'
-
Server Client 1 Client 2 ==

£ THUMUSOFT
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Generovanie kodu

42
43
44
45

56

class scServiceInterfaceExample final
= {
// public data and function members
public:
// Block signals (default storage)

- struct B_scServiceInterfaceExample_T {

real T fetchData_b; //
real T reset_d; //
real T fetchData_m; !/
real T reset_p; !/

s

24 A

'<Root>/Sensorl’
'<Root>/Sensorl’
'<Root>/Sensor2’

'<Root>/Sensor2’

AUTOSAR

ay
DDS :
\

ROS

}ﬁ/ “HUMUSOFT
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Vyvoj softvéru
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A "HUMUSOFT’

: File Edit View Run Kernel Tabs Settings Help

[A] Untitled2.ipynb ®
B + X000 » 1 ¢ » Code v 4AOpen MATLAB MATLAB Kernel
(@] ]
l [1]: peaks I N -
rch Extensions in Marketplace 7= 3(1-x) 2 rexpl- (72) - (y1).%2) L

- 18%(x/5 - x."3 - y.”5).*exp(-x."2-y."2) ...
- 1/3%exp(-(x+1).72 - y."2)

- INSTALLED properties
Value {mustBeNumeric}
end

(11: Peaks

l MATLAB

Edit MATLAB code with syn
- MathWorks

frmi
(i

r = round0ff{obj)

round([obj.Value],2); s

4y
Wl

il J";;-O;‘i‘-.‘
;};#l' Ry

ormant, feature-rich la.. (e

0 ik r = multiplyBy(obj,n)

[obj.Value]*n;

Visual Studio Code

59
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=] 515 al & / > MATLAB Drive » Repositories > how-to-turn-your-script-into-a-simple-app-3

| matlab.mathworks.com @& 1+

LIVE EDITOR INSERT «+ | @ Michelle ~

‘ WORKSPACE | CURRENT FOLDER

SeaSurfaceTemperatureExplorer.mlx

Temperature Trends
View the annual trends in temperature changes over the entire history of the dataset. Black dots indicate values where
the change is statistically significant, as determined by a simple Mann-Kendall test.

[v|Show statistical significance
[ |Center colormap about 0

Pacifi% 0Sea Surface Temperature Annual Trend 1950 to 2016
T 0.04

0.03

0.02

0.01

Latitude
°C / year

-0.01

;%;j
£ THUMUSOFT
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R2017b R2018b
ﬂgﬁ <FunctionName>
FMU Import C Caller
R2022a

R202]a

Code Importer

C

C Function
Supports C++

R2020a
C

C Function

R2023a

A

Python Importer

P
#2 HUMUSOFT’
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P Python Functions

|' Find functions by name

< N0

8 O

L

Name

GPSPackage.RMBDecoder.decode
GPSPackage.RMBDecoder.dummy

GPSPackage. RMCDecoder.decode
GPSPackage.RMCDecoder.dummy

&5

£ HUMUSOFT’

_’i Simulink Blocks

u GPSPackage RMBDecoder_decode vy

GPSPackage_RMBDecoder_decode

u GPSPackage RMCDecoder_decode y [

GPSPackage_RMCDecoder_decode
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3D Vizualizacia
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Praca

Vyvoj softvéru

Integracia

£ THUMUSOFT



67

MATLAB

PRODUCT FAMILY

SIMULINK®

PRODUCT FAMILY

o
£ THUMUSOFT




ZHUMUSOFT
Testovanie aplikacii v MATLAB

~~~~~ S PROJECT x EDITOR

PL DITOR
O B8 & W K 8¢ B P
New Open Save Test  Dependency Labels Shortcuts  Pul Push Branch  Commit
v - v lanager  Analyzer
FILE PROJECT TOOLS SOURCE CONTRO!
. HHja/ MATLAB Drive A,Sample,?jqec( > B
e S an ag e r + GURRENT FOLDER © [ Testim x| TestManager x| + Code Coverage Report
T CURRENTPROUECT OlMTessincurentProet -} > 2 [l B # |B- The code coverage report provides a detailed analysis of the source code covered by the tests.
= A_sampl ject.prj ; z
~ < ) ) Overall Coverage Summary
- S a Ova e n OS eS OV ) agy Summary of the code coverage metrics for all source files.
- yd
 Pokrytie kédu
— MC/DC, Decision, Condition
* Testovanie ekvivalencie e

— original vs. generovany kod
» Code Quality Dashboard =

— prehlad a vplyv na poziadavky
» |[EC Certification Kit

— v R2023a TUV SUD certifikoval ¢ast MATLAB Testu pre vyvoj s ISO 26262 a derivatmi

— v R2022b TUV SUD predkvalifikoval niektoré nastroje pre $tandardy funkénej bezpeénosti
68 MATLAB Test




Praca s datami

« Databazy

— ovladace pre Casto pouzivané DB

— row filter — efektivnejsSi spdsob filtrovania
 Fitovanie

— pridanie extrapolacnych metdd

— export fitovania do Simulink (Lookup Table)

— aktualizovany Results Panel

« Optimalizacia

— fminbnd, fminsearch v problem-based optim.

— non-uniform patternsearch

Database Toolbox, Curve Fitting Toolbox
69 Optimization Toolbox, Global Optimization Toolbox

)

'S

£ THUMUSOFT

Database Explorer
JOIN

Table Of Fits
Fit name
£\ |untitied 2 1

DFE

Acceleration

ccaraton o Hocvepowee PG |

Fr

() Interpolent
interpoiation Method
Extrapolation Metnod
Center and scaie 1%
Read abou interpolant fits

Linear il

4535

5188079
Coefoents

INNER JOIN inventorytable productnum...
Join Table [inventorytable  + | With  Table producttable ~ @ e @ Oid @ i | 9%
Column|productnumber v | = Column|productnumber v | Add Remove @) Left (@ Right Close
Join Join Join
ADD Eoir close =
Database Browser dodemo <
Catalog [ Catutorial.accdb v] saL auery
Schema | No Schema: v SELECT inventorytable.productnumber,
inventorytable.quantity,
» [] MSysACEs inventorytable.price,
inventorytable.inventorydate
» [] MSysAccessStorage f
CJvsys o FROM ( inventorytable
» [[] MsysComplexColumns INNER JOIN producttable
» [_] MSysIMEXColumns ON inventorytable.p =p )
» [ MSysIMEXSpecs
» [ MSysNavPaneGroupCategories
» [] MSysNavPaneGroupToOblects
» [] MSysNavPaneGroups
» ] MSysNavPaneObjectiDs
» [] MSysObjects
» [] MSysQueries
» [] MSysRelationships
Data Preview (First 10 Rows) Join Diagram
» [ ] MSysResources
» [] display productnumber | quantity price Inventorydate
» [/ Inventorytable 9 2339 13|2011-02-09 12:50:59 o
,4/4’6
» [ involce 8 8350 5/2011-06-18 11:45:35 R0,
)
» L] producttable 7 6034 16| 2014-08-06 08:38:00 W
» [ salesvolume 2 1200 9/2014.07-08 22:50:45
» [] suppliers 4 2580 21/2013.06-08 14:24:33 I \
» [l yearysales 1 1700 14.5000| 2014-09-23 09:38:34
5 9000 3120120914 15:00:25
6 4540 8/2013-12-25 19:45:00
3 356 17/2014-05-14 07:14:28 N N
M, "o
10 723 24/2012.03-14 13:13:09 K g
K8 e
14
4 Cunve Fater - o x|
3 Open -~ Update Ft s
v 2 (B Exctusion Rules % &
B sve ~ o v @ Auo
New Select {3 Viidation Data = Export
~ G Dupicate  Dats O Mancal [Plot] Prediction Bounds (Nome  ~ ||~
o v v B1p03T =
Fit Plot

Linear 2

Results o
name: unttied fit 1

Ignoring NaNs in data
Ouplicate x-y data points detected: using average
of the Z values.

lerpoiant
Tix.y) = piecewise inear surface compuled
where x i normalized by mean 1093 and s1d

and where y Is normaized by mean 23 73 and
[7

P = costicient structure.
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Paralelné vypocCty — ovladanie a integracia

Ovladanie

— vyber GPU z menu

— vyber medzi procesmi a vlaknami

DalSie funkcie s podporou
— distribuovanych poli (viac ako 30)

— gpuArray (viac ako 20)

Schedulers
— n4jdenie klastra (napr. Slurm)

— integracia s Kubernetes

Podpora architektur
— CUDA 11.8 (compute capability up to 9.x)

Parallel Computing Toolbox
MATLAB Parallel Server

@ ¢% Community

@ {@ Preferences éE

=
e [F Set Path Add-Ons  Help —J Request Support
~ |llll Parallel ~| - v  [E] Learn MATLAB
| Select Parallel Environment 2 RESOURCES
Select GPU Environment > NVIDIA

Discover Clusters... 1. NVIDIA RTX A5000
" Memony: 25 GB, Multiprocessors: 64

Create and Manage Clusters... Last accessed: in the last 10 seconds.

Maonitor Jobs
2. Quadro P&20

Memony: 2 GB, Multiprocessors: 4
Last accessed: not in this session

Parallel Preferences...

4\ Discover Clusters X
Where do you want to look for MATLAB Parallel Server clusters?

On your network
Select this option if your clusters use a MATLAB Job Scheduler, Microsoft Windows HPC Server or other third-party scheduler.

(L] on MathWorks Cloud Center
Select this option to find clusters running on Cloud Center. You must provide your MathWorks Account login information to
access these clusters.
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Strojove ucenie jednoducho o —————————
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£ THUMUSOFT

I C Hs - J—
P Do | B . \ 15 summary 1] B B &
New [ save - Feature B costs All Quick-To- All - & Duplicate e Seater  Confusion | 7| Layout | Test |
Session Selection @ Optimizer Train @ Delete  Table |Paraliel +  Data~ .
FILE OPTIONS MODELS TRAIN TEST =
| Models © |i[ Model1 | Results Table °
Sort by | Model Number vt @ Session: O
(7)1 Tree Accuracy (Validation) 98 7% | = | qyining Data: data  Obsenvations: 150 Predictors 4 Response Mame: Species Response Classes 3 |
L - - Last change: PGA explaining 96% varance 113783 | vaiigation: 5-fold cross-vaiidation
- Classification/Regression Learner Apps
Last change' Fine Tree 1/3 features (PGA on)| B ® @
| |22 Tree ) Accuracy (Validation): 86 7% iiFavorite  |iiModel Number |iModel Type |iStatus |iiAccuracy (Validation) | Total Cost(Validation)  |iiModel Size (bytes) | ‘
Lest change: Medum Tree _ 13festures (PCAor) 5 e @ Tramed e : R B
1) L4 - () 23 Tree Accuracy (Validation) 82 0% O 21 Tree @ Trained 96 67 % 3 5258
— tabulka vysledkov pre porovnanie e =
[ ] 28 LinearD. . Accuracy (Validation) 96 0% 0O |2 Tree | @ Traned 92.00 % 12 4828
Last change: Linear Discriminant 1/3 features (PG 0O |24 Discriminant | @ Trained 96,00 % 6 811
. . ‘j 2.5 Quadrati... Accuracy (Validation): 95.3% O 25 Diseriminant |@ Trained 9633 % 7 4797
) Last change: Quadratic Discriminant 1/3 features ( O 26 Naive Bayes .0 Trained 9333 % 10_ 4123
ZO ra Ze n I e Ve OS I l I I O e u (| 26 NaweB.. Accuracy (Validation): 93.3% o 7 NaweBayes | @ Trained 9267 % " 18142
.
— partial dependenc lot s =7
_) Training set
0.4 ) Test set
. 0.35 Foature
— export moadelov do experiment Managera g
X WC_TA v
s oaf =
@
o
£025}
o
Z .4
* NOvVe mode g
S
g015
o
- - - - - 01
— Efficient Logistic Regression .
0 | Show All | Hide All
2 4
.. . L | I | P RTRTI mmmm e by w0
— Efficient Linear SVM e
WC_TA plot?
Reduce Dimensionality (el -] The smber of Cosposents stefed to explain st least 555 of the varlsnce 15 4

* Live Editor Tasks
— Principal Component Analysis (PCA)

|transforme dData: = Result of explaining 85% of variance in ratings using PCA

= Select data

Input data [ratings ¥ | Grouping variable (optional) [ select ¥
= Specify dimensionality reduction criterion

Reduction crterion [ Explained variance (%) ¥ | | 9s[=
= Display results

[ Scree plot

]2 scatter plot

[7]2D bipiat

Statistics and Machine Learning Toolbox .

Scree Plot of Explained Variances

. e
1 2 3 4 5 B T 8 ]
Principal component
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Modelovanie, simulacia a generovanie kodu

» Bloky v Simulinku o

— Classification Linear, Multiclass ECOC e

— Regression Linear, Tree Ensembles ) e N T 4

— SVM, Neural Nets, Gaussian Process

— Classification KNN Lo A Prge o }.

RegressionNeuralNetwork Predict RegressionGP Predict RegressionLinear Predict

e o E or
0.8 (%
N
& 7
o7 [ X ow 065
¥ 'R 5 Ao
b 5 | = o L
06 78
{ IO S " LX)
05 | E % 9 1 T T T T
e & . rmal Poi g
.
0 | "‘,: % Outi 0.55 goe
by = 3
I r ( & T 06
03 \ \ & o = X b=
A o ST g = - o8 <04
i s ™t S
0z a b 202 1
s Pt ’ £ LA TIATRAR L
" /o9 = x LA™ 3 LA R AR .
e = ! x 0 500 1000 2000 2500 3000
L a i i i L i
T T o T T

 Generovanie koédu
— Classification KNN (fixed-point)

 Detekcia anomalii a driftu

— Robust Random Cut Forest

I
1500
T

— 1-Class SVM, Local Outlier Factor A

— inkrementalna detekcia anomalii a driftu

bbbbbbbbbbbbbbbb

72 Statistics and Machine Learning Toolbox
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a mnoho dalsich moznosti

7 table ]
* Interperetovatelnost
— fairnessThresholder, fairnessMetrics Fairness metrics and bias mitigation .
0
— potlacenie zaujatosti a citlivého atributu
— GRAD-CAM pre 1-D "“¢
* Deep Learning Toolbox Verification Library ®
. - . MATLAB ONNX
* Zjednodusenie \ A
— LSTM pruning & PyTorch
— YOLOv3 a YOLOv4 quantizacia
. r- ! - + 6 Neural Runway s
- Interopabilita | A ) Bhewll mm) OOV
. _ \ )
— TFLite 2.8.0, podpora pre Windows *
Formal Verification
Statistics and Machine Learning Toolbox verified unproven violated

Deep Learning Toolbox
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Spracovanie obrazu, pocitaCcoveé videnie

Ziskavanie obrazu a videa

— Image Acquisition Explorer _> o8

Farebny priestor

— Citanie formatu EXR, ProPhoto priestor

Detekcia objektov

— rozpoznanie 64 jazykov, digitalny display

Automatizacia vizualnej inSpekcia

— Computer Vision Toolbox Automated Visual
Inspection Support Package

Generovanie kodu
— dalSie funkcie pre MALTAB a GPU Coder

Image Processing Toolbox
74 Computer Vision Toolbox



https://www.mathworks.com/help/vision/ref/detecttextcraft.html
https://www.mathworks.com/help/vision/ref/detecttextcraft.html
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Spracovanie obrazu, pocitacoveé videnie, praca s lidarom

Hyperspektralne obrazky
— AVIRIS data, export pasma a masky v APP

Spracovanie obrazkov po blokoch
— podpora v aplikaciach, urovne rozliSenia
— makeMultiLevel2D, makeMultiLevel3D

Lidar Viewer App

— historia zmien, prekryvanie PointCloudov

— smart voxels, vyber planarnych regionov

 Lidar sensor model

— Blok v Simulinku, poCasie — hmla, dazd

Image Processing Toolbox
Lidar Toolbox

With 100m Fog Visibility With 3mm/hour Rain
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Algoritmy pre medicinske snimky

Nacitanie medicinskych snimkov
— DICOM, NIfTIl, NRRD, Analyze 7.5, Interfile

Vizualizacia 2D obrazkov a 3D ploch

— interaktivne nastroje, generovanie objemov

Predspracovanie a registracia

— zlepsenie kvality, zarovnanie obrazkov

SE000000

« OznacCovanie dat

— Medical Image Labeler app

Segmentacia

— regiony — kosti, tumor, organy

Medical Imaging Toolbox
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Detected Anomalies

Spracovanie signalov a audia

Channel 1
[=] 3% &Y

SRIGON,
FATATAVATATATATATAY:
\/ N/\/

Sampbs

« Spracovanie signalov

Channel 2
' =
(=] (4]

=
m

— Detekcia anomalit s DL autoenkodérmi

— hladanie a popis vrcholov v aplikacii

Channel 3
: o
I:l U’!

=
m

— zarovnanie signalov — peak, rising edge

— bloky Wavelet Scattering, laditelné IIR filtre

Raw Signal Anomalies |

« Spracovanie audia o omwaseeen

I|p"| F

!, A 1 109
I
I
I

o

=]
|
e

=

Jul
AN ]| -

!
I
H

— detekcia reci predtrénovanou sietou !

e
.

2
[
T

— speech2text pomocou wav2vec 2.0 modelu

=
L o=
1 o

Amplitude
o
[3y
Probability

S
58]

« Wavelety |

o
.

©

E-4
o
]

— Wavelet Signal Analyze App

o

[=2]
-
£ o
=]

o
[=+]
T
=
(=]

— podpora Al — vrstvy a priklady

Signal Processing Toolbox 0 5 n . 5 P
77 Wavelet Toolbox Time (s)

}
=1

—
e
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Fyzikalne modelovanie

Simscape Multibody B ¥
— Flexible Body Model Builder app : e e

— ROM data pre pruzné telesa

« Simscape Driveline =
— bloky lozisko, propelery
— turbina s nastavitelnym sklonom lopatiek

» Simscape Fluids = Mlagled  [o2E
— chladiaci cyklus, ohyby rur a kolena =P o £ _%Di I%H

Simscape Electrical
g g

— indukéné a synchrénne stroje s FEM . i w
o A / o

78 Simscape
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Modelovanie systémov s batéeriami |, _
e Module‘ Pack

am S Assembly
@ Module

Tvorba geometrie a topoldgii

Parallel
@ Assembly

Energy (kWh)

— bunky, moduly, bloky, export do Simulinku

Paral Assamly Chart

— Battery Builder App

 Teplotny manazment ) R

— strategie chladenia podla rozliSenia modelu ok -
7 7 7 =7 Ambient Environment ‘ c-...,7 Z]
e Systém spravy batérii (BMS) K crare e
— cell balancing, state-of-charge (SOC) B i el v
— state-of-health (SOH) estimation ] sy = ey
. il Th:::al) _— \ .
— chargel/discharge # - =1 el
| e | [j?]»'—éa
 Nasadenie a testovanie — 5 _
e e
e o il U State of Chiargs [360) (Algorithm)
B ol T

79 Simscape Battery
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Tvorba fuzzy logiky

« Podpora type-2 fuzzy systémov ’-

= [ = HARM
o |
J
| ! L0 WA
e

— intervalové type-2 fuzzy inferenéné systémy -

ey A TR S0
Tt g g ) Swwen v
Membership Function Plot pa X [ooe Control Surface
” e 1 O .

— lepsSie znasaju neurcitosti

» Fuzzy Logic Designer app . - &

— prepracovné rozhranie

— graficky navrh

ip Function (MF) Editor © | ¥ PROPERTY EDITOR: INPUT

— navrh, analyza a simulacia inferenéného T i |0
systému

— podpora type-2 fuzzy e

7]
=
@
q
m
z
=
£l
Q
=
@
m
o
o

-]
=%

— interaktivne ladenie inferenéného systému

input2 (3 MFs)

ISR

System mamdanitype2: 2 input, 1 output, 9 rules

go Fuzzy Logic Toolbox
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|dentifikacia systemov s vyuzitim Al

* Nelinearne ARX a Hammerstein-Wiener modely

— nelinearity modelované strojovy ucenim

* Neuronové stavove modely

— stavovy opis pomocou deep learningu

* Reduced Order Modeling (ROM)

« Datove formaty

— casove tabulky a numerické matice

System Identification Toolbox

Estimate Nonlinear ARX Models

Model Structure Estimation Options

Initial model | Default v |

Regressors Output Function

Qutput function configuration for output: temp

Estimation Data

Input: u(t)
Output: y(t)

Qutput(s) Use Linear Functi

temp Not applicable

FitMethod Bag

Qutput Function

QOutput
_Nonhnear Function of

Monlinear Function

Wavelet Network | -

Number of leaming cycles Bag

LSBot
Fraction of training set to resample

Learn rate

Wavelet Network
Tree Partition
Sigmoid Network
Meural Metwaork

Custom Metwork

[+ Regularize

““| Gaussian Process

[ | shrink [v| Ref

Fegression Tree Ensemble

Support Vector Machine

Maone

{5{ =f(x,u)
y=g@xu)

o
£ THUMUSOFT

State Network (f) Output Network (g)

£

% pefine a neural state space model
obj = idNeuralstatespace(1,NumInputs=4); % no output ¥ in this case

%% configure state network
obj.StateNetwork = createmMLPNetwork(ob], 'state’,Layersizes=[128 128], ...
weightsInitializer"glorot”,BiasInitializer="zeros",Activations="tanh');

%% specify training options for state network
stateopt = nssTrainingoptions{‘adam');
StateOpt.MaxEpochs = %@;
stateopt.MiniBatchsize = 100;
StateOpt.InputInterpolationMethed = ‘foh';

%X Train the system
obj = nlssest(Ucell,xcell,[],o0bj,Stateoptions=stateopt);

A 4

—piu y——
NEURALSS MODEL
P x0 X

Neural State Space Model
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Prediktivne riadenie

« Neuronoveé siete v modeloch

— predikény model v nelinearnych MPC

— Al reprezentuje system
* Vehicle Path Planner blok

— planovanie pohybu vozidla pomocou MPC
« Automaticka diferenciacia

— generovanie analytickych Jakobianov

Podpora standardov
— MISRA C 2012
— ISO 26262

Model Predictive Control Toolbox

i
= é/f/ﬁ &
£ HUMUSOFT
Optimizer W
K_ Plant model
EE -
X
g=981m/s*
Nonlinear u I [ y
00 » torque
[0 o] ref MPC mv

Y reference ¥2

last_mv (00) v

& Pendulum

Nonlinear MPC Controller

Unit Delay
x_hat
X_hat Y
State Observer
1
n

egolnitialPose P Pose Path » outsimout
egoTargetPose P Target pose Exitflag » l:l

Vehicle Path Planner System
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Pokrocilé algoritmy riadenia

* Reprezentacia systému v MATLABe

— linear parameter-varying, linear time-varying

 Strategie riadenia
— Model Reference Adaptive Control (s NN)
— Active Disturbance Rejection Control
— Extremum Seeking Control
— Frequency Response Estimator blok

— s podporou generovania kodu

« Reinforcement Learning
— trénovanie offline z dat, blok Policy

— Reinforcement Learning Data Viewer

Simulink Control Design
83 Reinforcement Learning Toolbox

£ THUMUSOFT

Aotive Disturbance Rejection Control

Extramum Seeking Control

[%al Block Parameters: RL Agent
RL Agent (mask) (link)

Simulate reinforcement learning agent using a Simulink model as a Model Reference MEIFFE'U’E Control

training and simulation environment.

 Block Diagram

Environment

Hardware Drivers

Agent

Agent object '5 \Generate greedy policy block action T[B(‘) observation

Additional Input/Output Ports
[J External action inputs

[ Last action input

[ cumulative reward output

Signal Attributes

[J Use strict observation data types

[ok ]| cancel

Help Apply
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 Motor Control Blockset =
=t S
— odhad parametrov motorov | T el e |
e 8% e
— bloky pozorovatelov stavu ownall== 0 -2

— referencné priklady

— generovanie HDL kodu

« C2000 Microcontroller Blockset

— vacsina Tl C2000 zariadeni

ngs b " &Tune | lspecor
Blockset + CCS Project
Embedded

Coder

— bloky periférii, multiCore architektury
— connected I/O, ladenie a monitorovanie

— referencné priklady

g4 Motor Control Blockset, C2000 Microcontroller Blockset


https://www.mathworks.com/help/mcb/gs/estimate-pmsm-parameters-using-recommended-hardware.html
https://www.mathworks.com/help/mcb/gs/estimate-pmsm-parameters-using-recommended-hardware.html

N
AutonOmne systémy a navigacia
« Autonomne riadenie

— RoadRunner Scenario simulacia so snimacmi

— mono kamera — YOLO v3 detektor

« Navigacia
— kontrola kolizii — objekt a mapa
— Factor Graph pre SLAM

— A* pre cestne siete

 Senzoricka fuzia a sledovanie

— JIPDA smoother — vyhladzovanie odhadov

— trackingFilterTuner — automaticke ladenie filtrov

Automated Driving Toolbox, Navigation Toolbox
85 Sensor Fusion and Tracking Toolbox
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Modelovanie automobilovych systémov

« Pohony
— architektura EV 2, 3,a 4
— integracia FMU pohonov
— kalibracia blokov z datasetov (Cl, Sl, Electric)
— model pohonu pomocou deep learningu
« Dynamika vozidla

— konfiguracia a analyza motocyklov

— modelovanie pneumatik — Dugoff, Magic Formula

3D modelovanie

— Formula student vehicle, One-axle trailer

Powertrain Blockset
ge Vehicle Dynamics Blockset

£ THUMUSOFT

b5 H X

=

New Open Save Setup Dataand Scenario Logging EBUILD ~OPERATE | ANALYZE  LAYOUT
Calibration and Test

-

FILE
Virtual Vehicle
~ PassengerCar
Chassis
» Tire
» Brake Type

~ Powertrain

v - - v -
CONFIGURE r
Setup | Dataand Calibration | Scenarioand Test | Logging O
Engine: | FMU Engine v ]

~ Engine

Setup

Project path:

Configuration name:

Vehicle class:

| Cwork |

| ConfiguredVirtualVehicle |

=)
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Navrh a simulacia AUTOSAR softvé

O

[
frees

- e =
« Modelovanie architektury f“”" .

— System Composer
— Adaptive AUTOSAR, sablona

— Interface dictionary, Interface Editor

£ THUMUSOFT

Froparty Inspector

--------

‘‘‘‘‘‘‘

— profily a stereotypy

- Main
= Thcmd,_percens
Starecty ada
- . Portintertace
cui Actuatar ?\E
P | e
7w poscana & |
o] G momtpen -
.........
-
; . )
T 7] Functions Edeor
e Functions
+ der hunctisns by dependenc

. Asynchrénne neblokované spravanie
— Adaptive AUTOSAR, client-server komunikacia
— Modelovanie a generovanie kodu pre ara::com::method

« Tvorba spustitelneho kodu
— Embedded Coder Support Package for Linux Applications

— Testovanie pomocou Linux Runtime Manager

87 AUTOSAR Blockset
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Robotické aplikacie

Modely

— manipulator a gripper, xacro suborov

Plén Ovanle trajektér“, manipulatorRRT manipulatorCHOMP

— manipulatorRRT s occupancyMap3D

— manipulatorCHOMP, Time Optimal Trajectory

— Piecewise-Polynomial Trajectory

Referencné priklady

— ROS, Gazebo, spracovanie obrazu, riadenie

Spolupraca s hardverom
— Robotics System Toolbox Support Package for KINOVA Gen3 Manipulators

— Robotics System Toolbox Support Package for Universal Robots UR Series Manipulators

gg Robotics System Toolbox
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Prepojenie MATLABuU a Simulinku s ROS
. Verzie (LTS) —
— ROS Noetic, ROS2 Foxy X
* Prehravanie a logovanie dat
— Rosbag Viewer App, ROS Logger app
« Generovanie kodu vratane prekladu
— CUDA optimalizované ROS nody
— ros_control s ladenim parametrov | o
— oddelené nody — model reference Local Host ‘ (L (57 oo
* Vylepsené prepojenie &
— rosdevice objekt pre spojenie a ladenie N EEE RN EEEEREEREEEREEREEREER
— podpora 64bit integerov DE 5

89 ROS Toolbox
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Modelovanie leteckych aplikacii

« Simulacia rotorovych aplikacii
— bloky Rotor a Multirotor

« Simulacia v 3D prostredi
— helikoptéry, quadcoptery

— streamovanie map pomocou Cesiumion
UAYV aplikacie

— uavMision objekt

44°21N

44°2030"N

— planovanie pokrytia

44°20'N

Latitude

— 3D Vector Field Histogram

Podpora hardveru N
— PX4 Cube Orange aarion gEenl

72°01'W 72°W 71°59W 71°58W
go Aerospace Blockset, UAV Toolbox Longitude
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Generovanie koédu

3500

(e00
3000
2500
2000
1500
1000
500

R2018b R2019a R2019b R2020a R2020b R2021a R2021b R2022a R2022b R2023a
5G Toolbox . Image Acquisition Toolbox «  Reinforcement Learning Toolbox
Aerospace Toolbox . Image Processing Toolbox «  Robotics System Toolbox
Antenna Toolbox . Industrial Communication Toolbox . ROS Toolbox
Audio System Toolbox . Instrumental Control Toolbox - Satellite Communications Toolbox
Automated Driving Toolbox = Lidar Toolbox - Sensor Fusion and Tracking Toolbox
»  Bluetooth Toolbox «  Mapping Toolbox «  SerDes Toolbox
Communications Toolbox = Mixed-Signal Blockset = Signal Processing Toolbox
«  Computer Vision Toolbox . Model Predictive Control Toolbox «  Stats & Machine Learning Toolbox
«  Control System Toolbox . Navigation Toolbox «  System Identification Toolbox
. Deep Learning Toolbox «  Optimization Toolbox . UAV Toolbox
DSP System Toolbox . Phased Array System Toolbox «  Vision HDL Toolbox
Fixed-Point Designer «  Predictive Maintenance Toolbox - Wavelet Toolbox
Fuzzy Logic Toolbox -  Radar Toolbox «  WLAN System Toolbox

91
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C/C++

— podpora jazyka (strcat, cellstr, sort, unigue)
— validacia argumentov (bloky funkcii)

— coder.read, coder.write (.coderdata)

— zlepsene logickeé indexovanie

— poziadavky ako komentare v kode

— analyzeNetworkForCodegen
— GPU Performance Analyzer
— bfloatl6 format

— dalSie vrstvy a zrychlenie DL pri C/C++

MATLAB Coder, GPU Coder

Deep Learning a GPU

codegen command:

function out = useDefaults_2(a,b,c)

‘ arguments

a (1,1) double
b (1,1) double
c (1,1) double
end
out = a+b +c;
end

codegen -config:lib -c useDefaults_2 -args @ -report

Generated code:
double useDefaults_2(double a)

{

return (a + 5.0) + 7.9;

4
a B e v
| o T Duarmaie | B oaoe
Gt e - T N
|~ feature_matching (100.00%) oms osme  1ms toms  2me
+ feature_matching_loop_0 (69.77%)
WaitForGPU (7.40%) I—_ —
GPU2GPUGOpy (3.94%)
oms osm ims  1sm

CPU2GPUCOpy (3.39%)
feature_matching_kernelt (2.17%)

-5
=7

codegen command:

£ THUMUSOFT

codegen -config:1lib -c useDefaults_2 -args {@,0} -report

Generated code:

double useDefaults_2(double a, double b)

{

return (a + b) + 7.0;

}

25ms 3ms 35ms ams asms 5ms

2ms 25ms ams 35ms 4ms 45ms

sms 55ms 6ms 6.5ms

CPU2GPUCopy (0.88%)
CPU2GPUCOpy (0.75%) Functions
feature_matching_kerel13 (0.67%)

feature_matching_kemel6 (0.66%)
feature_matching_kernel2 (0.64%) |
~ See more...
CPU2GPUCopy (0.63%)
feature_matching_kernel11 (0.63%)
GPU2CPUCopy (0.58%)
GPU2CPUCopy (0.57%)
feature_matching_kernel12 (0.56%)

Loops

Name: feature_matching kemeiz
13

12,
CPU (ms): g

12 135

crums: 13
feature_matching_Kernel10 (0.47%) (me) 5073
matrixMatrixKernel (0.46%) CPU Overhead WaitFor.

feature_matching_kernel18 (0.42%)
feature_matching_loop_1 (0.41%)
feature_matching_kernel19 (0.40%)
feature_matching_kernel3 (0.33%)

pe Kemal_l

feature_matching_Kernel7 (0.31%) GPU Activities I I

feature_matching_kernel4 (0.29%)
feature_matchingdistSortkemel (0.29%)
feature_matching_kernel14 (0.27%)  imugme
feature_matching_kernel5 (0.27%)
feature_matching_kernel8 (0.27%)
feature_matching_Kernel9 (0.27%)
feature_matchingfilterKemel (0.26%)
feature_matching_kernel 16 (0.26%)
WaitForGPU (0.15%)

matrixMatrixKemel feature...
fieature_matching
Event Statistics
GPU Activities CPU Activities Type Kernel
Name feature_matching_kernel2
Start time 1.209344 ms
End time 1.253440 ms
ae Duration 0.044096 ms
— Launch Params
Grid size [261,1, 1]
Kernel Wait for GPU Black size 512,1,1]

GPU Utilization; 76%

Total threads 133.63K
Shared memory 0 Byte

CPU Overhead: 23%

Registers per thread 16
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Generovanie a verifikacia HDL kodu
A4 [] [ [] V4 [V 4 MATLAB

* VylepsSenie optimalizacii

— rychlosti, plochy, I/0, multirate ‘
« Generovanie kédu point Algorithms

— 2D, 3D matice, frame-based modely ot (L TR

esigner Ur Fixed-Point IF

Hardware Architectures

Spolupraca s Cadence Stratus HLS

HDL

— generovanie SystemC z MATLABuU Coder

Podpora prostredi Synthesizable

SystemC
ystemC

— Xilinx Vivado, Intel Quartus, a dal3ie
FPGA-in-the-loop

— Ethernet pre Zynqg, optimalizacie prenosu Cadence® Stratus™ HLS

HDL Coder, HDL Verifier
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R2023a Release Highlights - MATLAB and Simulink

Discover What's New

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

Download now

https://www.mathworks.com/products/new products/latest features.html

£ THUMUSOFT



https://www.mathworks.com/products/new_products/latest_features.html
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Online sluzby

MATLAB Online

MATLAB Grader

MATLAB Mobile MATLAB Drive
95
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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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