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Vyvoj systemov autonomneho riadenia

Virtualne svety Multidisciplinarne zrucnosti Softvérové aplikacie

4 )
é N f Y

Prostredia | [ Vozidla Algoritmy

Sensors Detek0|a Lokalizacia Sledovani & Fuzia

LE= T10
: %

VyVOJova platforma

L |




fgfiﬁlUMUSOFT“
Simulacia autondmneho riadenia vo virtualnom svete

Detekcia Ciar Detekcia vozidiel Sledovanie & Fuzia Rozhodovanie & Riadenie

nce (between ego and MIO)

LaneFollowingConinoller

# St Welocity

LareFollowingDecisionl ogic

Lane Canlar

Dynamika
Scenare

Lengitudinal Velocity
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Snimace

Lane Following Controdier

Lane Following Decisson Loge

Simulation 30 Scenaria

lane boundanes
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H Iqhwav Lane FOl |0Winq Copyright 2019-2020 The Math\Works, Inc.
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https://www.mathworks.com/help/driving/ug/highway-lane-following.html
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Vyvoj algoritmov pre viacere discipliny

Detekcia Giar Detekcia vozidiel | Sledovanie & Fuzia Rozhodovanie & Riadenie

Relative i distance (between ege and MIO)

Scény

Scenare | Dynamika

) 8 Detekcia =0 . Detekcia ) Sledovani ]
Scenare ” Scenare - " Scenare . Metrika
Ciar vozidiel e & Fuzia

Snimace Snimace | Snimace Metrika

Lane Detector Vehicle Detector Vehicle Sensor Fusion Decision and Controls



https://www.mathworks.com/help/driving/ug/generate-code-for-lane-marker-detector.html
https://www.mathworks.com/help/driving/ug/generate-code-for-vision-vehicle-detector.html
https://www.mathworks.com/help/driving/ug/forward-vehicle-sensor-fusion.html
https://www.mathworks.com/help/driving/ug/generate-code-for-highway-lane-following-controller.html
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voj softvéru pre autonédmne riadenie

Detekcia Giar Detekcia vozidiel Sledovanie & Fuzia Rozhodovanie & Riadenie

Relative longitudinal distance (between ego and MIO)
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| Highway Lane Following Test Bench )

LaneFollowingController

Sprava testov oo v

Reportovanie

4\ Test Manager Data
= S LareFollwingDeciont o
b Stearing Angle I3
o & o o y . umma
;‘P 0:“ e oo a5 b P m = 4= L o O Freended i lane Jatecthins Lane Canter ] Lane Center ry
£ G e B TEER T D Co | C TR e T metems|
T T e v e | o Stvper - , 5 E Name Outcome
(1) scenario_LFACC_03_Curve_Sto... % [j\ StrtPage s . . .
[Fiter et by mame o tag, o3, tage e Larw Marker Dolecior steern 1 HighwayLaneFollowingMetricAssessments 10@
- B HomaytaneFolowngetrcAssossments cresteTes e fom Exenal e — .
= (3 Test Scorrios » TAGS v - MIO Relatve Distance #MIO Relative Distance ) Test Scenarios 100
[E) scenario_LFACC_01_Curve_DecelTarget » DESCRIPTION VehickeDealschor _7
(5] scenario_LFACC_02_Curve_AutoRetarget » REQUIREMENTS: E] i
i s sreauneens [TBEx 1023 ) C,) | =l scenario LFACC 01 Curve DecelTarget
[E] scenario_LFACC_04_Curve_CutinOut O Soop| e lE 3
sl | N — Kod Kod e & scenario LFACC 02 Curve AutoRetarget

[E) scenario_LFACC_06_Shaight_StopandGoL eadCar i .
() sconari.LF 01_Stigh RiLane / =) scenario LFACC 03 Curve StopnGo

(&) scenario_LF_02_Straight_LeftLane » SIMULATION SETTINGS AND RELEASE OVERRIDES ¥

=) et Tracks ® scenario LEACC 04 Curve CutinQut
= scenario LFACC 05 Curve CutInOut TooClo

— 1= scenario LFACC 06 Straight StopandGoLea

» TEST HARNESS

~ CALLBACKS"

» PRE-LOAD |

IO Track Indesx He— Longdudinal Velocity
A

- posT-LoAD: >

A

F 1 [ scenario LF 01 Straight RightLane
ek Lane Following Decisson Loge: Lana Folawing Controlor
= scenario LF 02 Straight Leftlane

» Runs after the model loads and the model PostLoadFcn callback

Tracks

scenarioNane = "scenario_LFACC_63_Curve_StopnGo”;
helperSLHighuayLaneFollowingSetup("scenariofcnliane”, scenaric

set_paran("HighwayLaneFol lowingTest8ench/Sinulation 3D Scen:

1
2
4% Configure output video file name
s
7

Q0000 OQ OOCOO

— ‘outputFilenane’, scenarioNames’.mpd’); Forward Vehicle Sensor Fusion [5 scenario LF 03 Curve LeftLane
Name [E) scenario_LFACC_03_Cunv _—
Type Simuiation Test B : 7 3

Model HighwayLaneFollowingTest. lane boundanes &l scenario_LF_04 Curve RightLane
‘Simuiation Mode {Model Settings]

Locaton CausersssiunoneDve - vaE [ ackars

Automate Testing of Highway Lane Following Copyright 2019-2020 The MathWorks, Inc.
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https://www.mathworks.com/help/driving/ug/automate-testing-for-highway-lane-following.html

Vyvoj virtualnych svetov

Virtualne svety

Prostredia
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Typy virtualnych svetov

Unreal Engine Cuboid
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Tvorba 3D scén

Navrh scén

— OpenDRIVE
— Filmbox
OpenDRIVE —
RoadRunner Simulatory tretich stran
« CARLA
+ Unreal Engine®
Geographic Information H u «  Unity®
System (GIS) subory « LGSVL
 Mrac¢na bodov I * VIRES Virtual Test Drive
* Ortografické obrazky —p| ©° Metamoto
* Vektorové data * IPG Carmaker
* VysSkové data + Cognata

* Baidu Apollo
* Tesis Dynaware

c e TaSS PreScan
ustom Assets e * NVIDIA DRIVE Sim cez

Universal Scene Description (USD)
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Interaktivny navrh 3D scén v RoadRunner

FourWaySignal.rrscene | Sample Project | RoadRunner 2019.2.0 MASTER - VectorZero ] X

File Edit View Tools Assets Window Environment

H\ IR AR S B EE W X O 2 A MO A B2 VSO S

Attributes

Prop Polygon
|a——)
Bush_Sm06.fbx

Prop

Density |0.319
Uniform

Randomize

Bake

2D Editor | Extrusion Library Browser
» M FreewayTrusses
» W Misc
’ - MyProps .
» M Signals Bush_ Sm0S JBUSHESIMEN Bushes  CalPaim_F. calPaim...
» M TrafficControl ———
. s OE B E .
» W Urban o
A Rail

. RoadStyles CalPalm... CalPalm... CalPalm... CalPalm... CalPalm.

nnn

Output | Library Browser

Prop Polygon Tool | Right-click to create new prop polygon points. Select a prop polygon to adjust attributes or drag existing control points. VECTORZERS
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Tvorba 3D scén

Here HD Live Map

OpenDRIVE

Geographic Information
System (GIS) subory

* Mracna bodov

* Ortografické obrazky

* Vektorové data

* VysSkové data

Custom Assets

Navrh scén

RoadRunner Scene Builder

RoadRunner

&
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OpenDRIVE

Filmbox

Simulatory tretich stran

« CARLA

« Unreal Engine®
¢ Unity®

« LGSVL

* VIRES Virtual Test Drive
* Metamoto

* |IPG Carmaker
 Cognata

* Baidu Apollo

* Tesis Dynaware

* TaSS PreScan

*  NVIDIA DRIVE Sim cez
Universal Scene Description (USD)
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Interaktivny navrh pomocou RoadRunner Scenario
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» Sledovanie cesty

Pridanie vozidiel

« Zmena rychlosti

 Zmena pruhu

Lateralna zmena
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J SpeedBump Actions.rrscenario | 22a Project | MathWorks RoadRunner R2022a

File Edit View Tools Assets Window Help
LS
7 :

[\

Attributes

Vehicle

Name
Actor Id

Color

3

SK_MuscleCar

o~
Vehicle Type \ SK_MuscleCar.fbx_rn

Behavior

Point Offsets

Enable Anchoring
Anchor

Lock To Anchor
Forward Offset
Forward Offset
2D Editor | Logic

Reference Line
o0

\
Behaviors Vel SK_BoxTr SK_Hatchb SK_Muscle SK_Pickup

. B S ack Car Truck
Buildings Lane Offset
Damage
4 Relative To
Developer
Extrusions
Markings Seda SKESUV Offset From
Materials

Posts

Lane Offset
Props

Place Actors

Attributes | Metadata
Scenario Edit Tool | Right click to create new routes or insert nodes into existing routes.

Scenario Edit Tool

RoadRunner Scenario

SpeedBump ﬁ> E

-20.17 m

Front

® Origin

Back

Road Edge

® Left Lane

Right Lane

1 lane(s)

@ \ith Rnad Anchar

MathWorks*


https://www.mathworks.com/help/roadrunner-scenario/ref/scenarioedittool.html
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Simulacia scenarov vo viacerych prostrediach

« MATLAB, Simulink, CARLA

e /mena stavu

— P6za a rychlost v kazdom kroku

 Citanie stavu

— prikazy (cesta, rychlost, zmena
pruhu, lateralna zmena)

— P6za a rychlost’ uCastnikov Built-in

— Rozmery uéastnikov Agents

— Mapovanie Ciar

12
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Graficky navrh scenarov pomocou Driving Scenario Designer

13

Navrh scén
— Cesty, Ciary
— Hotoveé (Euro NCAP)

* Import ciest

— OpenDRIVE, HERE HD Live
* Pridavanie aktorov

— Tvar, snimace

— Trajektorie

Export scenarov
— MATLAB, Simulink model

&

£ THUMUSOFT

4 Driving Scenario Designer - PFACC_05_Curve_CutinOut.mat - Scenario Canvas a X

DESIGNER

e d W B @ [T ¢

M Repeat
New Open Save Add Add Add Add  Goto Step Pause Step e Default  Export
v - v Road Actor v Camera Radar Stat Back Forward Layout v
FILE SCENARIO SENSORS SIMULATE VEW  EXPORT Y

| Roads | Actors !{ Scenario Canvas \‘7 | Ego Centric View |
Road: 1 v

Name:

Width (m): 4.7

Bank Angle (deg): ° 185 |

¥ Lanes

180 1
Number of lanes: |[2 2]

Lane Width (m): 36 175

» Marking 1:Solid 170 |
¥ Road Centers K £ 165
S~ .ﬁ
X (m) y (m) z(m) X 160 | o
1 0 5 ,/"“"—-
155 | €
4 89.073¢
5 4806308 145
6 4698463
2033683 -456.7727 140 1
2347358 4414738 135 L |
g 264 9596 -424 0240 -500
] 2938926 404 5085

Driving Scenario Designer
Automated Driving Toolbox™



https://www.mathworks.com/help/driving/ref/drivingscenariodesigner-app.html

Simulacia snimacov

G
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id snim . :
Cuboid snimace Cuboid a Unreal Engine Unreal Engine Sensors Snimace polohy

Radarové Radarové :

) : Lidar
sledovanie detekcie
216 dz :
bl

Enkoder
kolies

\ A / h :;f}
V

1]

Global
Positioning
7 System
7N
Radaroveé | Inertal
y Detekcie obrazu Detekcie Ciary Measurement
1Q signaly )
. ‘ Unit
s (IMU)
Nl Y | Inertial
; \ Navigation
o : \ |/ System
; v I\ (INS)
14 Casto vyuzivané nastroje: Automated Driving Toolbox™, Radar Toolbox, Navigation Toolbox™
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Simulacia radaru na réznych urovniach

Surové IQ signaly Detekcie Klaster Sledovania

ID1
RO 3
fw 3

D))

Radar

Waveform-level Model Measurement-level Model

Radar Transceiver Driving Radar Data Generator
Radar Toolbox Automated Driving Toolbox™, Radar Toolbox

15


https://www.mathworks.com/help/radar/ref/radartransceiver-system-object.html
https://www.mathworks.com/help/driving/ref/drivingradardatagenerator-system-object.html
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Vyvo] multidisciplinarnych zrucnosti
Multidisciplinarne zruénosti

Algoritmy
Detekcia Lokalizacia Sledovani & Fuzia

. T10
=~ T#
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Algoritmy detekcie a lokalizacie

Sémanticka segmentacia

pp—— " o) y
Boundaries @) p Orfentation - Ground Truth
/ F 2
Position (meters) g, ‘
2
2 2
o o
Q9 ¥ (N
/

* Nodes
Links

O Lidartraffic
+  HDLM traffic signs
—+— GPS before correction

rrection

xxxxxxx

Casto vyuzivané nastroje: Automated Driving Toolbox, Computer Vision, Lidar Toolbox, Radar Toolbox, Deep Learning Toolbox,

Navigation Toolbox

17
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Komplexné vnimanie pomocou Al

Jazdny pruh / cesta

Ciary a znacky na ceste

Semafory

Ini uCastnici
— Vozidla
— Chodci
— BicykKilisti
Ulohy

— Detekcia a predikcia spravania

Tradicné algoritmy nemusia fungovat pre viaceré scenare

18
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Ulohy vnimania pre Al
Klasifikacia Regresia
Sémanticka

Detekcia NS
segmentacia

19
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Ulohy vnimania pre Al
Pedestrian f\\\ _ H I
KI fk, . Unkr;c/)wn X x%Vehlcle LR g ;
aSIOII o (@) s b g < R Predikcia cesty
Sk * (Regresia)
X XX
\\Static
Detekcie Sémanticka
lidaru segmentacia
lidaru

Trucks

B Background

20
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Pracovny postup
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Popis dat pomocou Ground
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ruth Labeler App

Interaktivny popis dat

B @ 0] 5% & coormpRados v D) Eerdsbeview e on
— R e Ctan u | ar R O I Hide  Ground |Shrink| Snap to Cluster ol Value Restore B chase View |
Ground Settings | to Fit | Cluster Settings . 9 Default View I Ego View
OOOOOOOOOOOO P ERA VIEW a
\' ROI Labels ‘ Scene Labels | | video_01_city_c2s_fcw_10s J lidarSequence ]
— | 5
Polygon ROI 5] & [= ©02an
bbbbbbbb label Atribute
w Vehicl
— Polyline ROI = 1o
» TailLight 10O

— Pixel ROI (sémantic segment.)
— Cuboid (lidar)

Vstavane a vilastné algoritmy

Vizualizacie

0 | 07.50000 10.20001 1020001 I I xC)
i Current me Max Time e

Export popiskov

Ground Truth Labeler
Automated Driving Toolbox™



https://www.mathworks.com/help/driving/ref/groundtruthlabeler-app.html
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Navrh a trenovanie modelov strojového ucenia
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‘ Classification Learner - Scatter Plot

CLASSIFICATION LEARNER

ae St

New Feature PCA  Misclassification

DECISION TREES

£ THUMUSOFT

Session ¥ | Selection Costs @ @
FILE FEATURES OPTIONS 2] ==
Data Browser Fine Tree | Medium Tree Coarse Tree All Trees Optimizable
S Tree
'w History
1 ;, Tree DISCRIMINANT ANALYSIS
Last change: Disabled PCA
A
Linear Quadratic Al Optimizable
Discriminant Discriminant  Discrimina... Discriminant
LOGISTIC REGRESSION CLASSIFIERS
Logistic
Regression
NAIVE BAYES CLASSIFIERS
Gaussian Kernel Naive All Naive Optimizable
Naive Bayes Bayes Bayes Naive Bayes
SUPPORT VECTOR MACHINES :
B A N
Linear SVM  Quadratic Cubic SVM Fine Medium Coarse
Gaussian ... Gaussian.. Gaussian ...
AllSVMs  Optimizable
SVM
w Current Model NEAREST NEIGHBOR CLASSIFIERS
Model 1: Draft O & o 4
Model Type Fine KNN  Medium KNN Coarse KNN Cosine KNN CubicKNN  Weighted

Preset: Fine Tree

Maximum number of splits: 100
Split criterion: Gini's diversity index
Surrogate decision splits: Off

Optimizer Options
Hyperparameter options disabled

Feature Selection
All features used in the model, before PCA

Data set: d Observations: 5000 Size: 3!

All KNNs Optimizable
KNN
ENSEMBLE CLASSIFIERS

KNN

Boosted Bagged Subspace Subspace  RUSBoosted All
Trees Trees Discriminant KNN Trees Ensembles
[l

]
P i = L4
Scatter Confusion ROC Curve Parallel Min Classification = Export Plot Generate Export
Plot Matrix Coordinates Plot Error Plot toFigure Function Model ¥
PLOTS EXPORT -
Plot
Original data set: d @® Data
Model predictions
Predictors
X: lcolumn_1 j|
N [column_z V|
Classes | Move to Front
Showl Order [
=
& [ o
(4 B pedsbic
I rec-ped
&M [ vic+vic

0.3 0.4

0.5 0.6 0.7 0.8
column_1

How to investigate features

Validation: 5-fold Cross:
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Navrh a trenovanie konvolucnych neuronovych sieti
4 D;:Gr:;t:ork Designer = X

LJ\]:I Q_EJ & o E & Zoom In E V

B
New | Duplicate & Copy Fit & Zoom Out Auto Analyze | Export
Paste | to View Arrange A
FILE BUILD NAVIGATE LAYOUT | ANALYSIS | EXPORT a
LAYER LIBRARY ‘ Designer ! Data Training o v PROPERTIES
“ i ‘o fullyConnectedLayer (2
' relu7
Anfl imagelnputLayer reluLayer Name ’ fc8
- InputSize 4096
Vol image3dinputLayer
OutputSize
sequencelnputLayer b 4 Weights [1000x4096 single]
— E drop7 Bias [1000x1 single]
a roilnputLayer
4 P Y dropoutLayer WeightLeamRateFactor |1 ‘
CONVOLUTION AND FULLY CONNECTED | WeightL2Factor l 1 ‘
convolution2dLayer BiasLeamRateFactor |2 |
= i ‘ BiasL2Factor [0 |
I El | convolution3dLayer fc8
29| fullyConnbcted Weightsinitializer
groupedConvolution2dLayer Biaslnitializer
transposedConv2dLayer
ﬁl transposedConv3dLayer prob
softmaxLayer
g fullyConnectedLayer ’
SEQUENCE
¥ OVERVIEW
n IstmLayer h, 4 -
Eﬂ output =
n bilstmLayer B classificationLa... = e
n gruLayer =i
n sequenceFoldingLayer E
- sequenceUnfoldingLayer E
-1 = . =
I4 »l

24
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Hladanie najlepsieno modelu

Hladanie parametrov
— Zoznam hodndt

— Bayesian optimization

Porovnanie
— Architektur

— Datovych setov

Vlastna metrika
vyhodnocovania modelov

Vizualizacie
— Graf trénovania

— Confusion matrix

[ NoN Experiment Manager

m0l @ bl g M| 7l v

New &I SV Layout  Run Stop Training Confusion Filter ~Export
~« 3 _ Duplicate - Plot Matrix ~ -
FILE ENVIRONMENT _ RUN REVIEW RESULTS  FILTER EXPORT ~
EXPERIMENTS BROWSER © |Z Experiment2 x || Experiment2 | Resulti2 x o
|+ 3 TrainNeworkPraject54
~ /B Experimentt i
E] Results Experiment Name Experiment? (view snapshot)
[ Result4 Experiment Description My second experiment
E Result3
[ Result2 Start Time 1119/2019, 6:40:38 PM
I Resut Status of al vias Y (1)
~ /& Experiment2 Legend Queued (0) [l Running (0) ll Complete (3) [l Stopped (2) [l Error (0) [l Canceled (10)
| £ Resulti2 |
EH Result11
[ Resultio |
[E] Resuitg Trial Status Progress Training Accu... Training Loss Validation Ac... Validation L Status
[ Results 1 Complete I 100% 92.1875 0.5851 85.6000 ¥ Progress
[ Resuntr 2 Complete I 100% 98.4375 0.2733 97.2000| [] Elapsed Tane
o 3 Swopped ) NN 15% 62.5000 1.4247  38.8000 T
[E Results 4 Complete I 100% 95.2188 0.1247 95.2000
[ Resun4 5 Stopped > I 16.4063 2.7369 7.2000 | | ——
E Result3 TS | g Training Accuracy (%) F
[ Resui2 - | M Training Loss |
Result1
H Training Plot (Trial 3, Result12, Experiment2) P Validation A -
g 100 i ] Validation Loss
E N Mﬂm [ E
o -— 1 1 10 1 1 1 m
0 10 20 30 40 50 60 70 80 %0 100
lteration
g 2 kﬂ_‘““—wﬂmﬂ .
3 1 1 FEE S| 10 L 1 1 1 20
0 10 20 30 40 50 60 70 80 90 100
lteration
(14 | ¥
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Urychlenie popisovania

Natrénovany

Al model

5 e i 2 R B e el Trénovanie

Data Popisok

Manualne
overenie

Navrh
popiskov

26
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Generovanie obrazkov rbzneho ¢asu dna

Detaily trénovania

= 370 obrazkov
= CAMVID dataset
— Obrazky dna: 263
— Obrazky sumraku: 107
= Na ucCenie sa nepouzivaju Casové informacie

Sumrak na den

Day Test Image 1 with Translated Dusk Image

Unsupervised Day-To-Dusk
Image Translation Using
UNIT

Perform domain translation between
images acquired during daytime and
dusk conditions using an

unsupervised image-to-image Den na sumrak
Link to Example



https://www.mathworks.com/help/images/unsupervised-day-to-dusk-image-translation-using-unit.html
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Generovanie popisanych dat zo simulacie

Tradiény postup DL

Trénovanie

Natrénovany

Al model

e rrrrrrrrr

Data Popis

Trénovanie

Simulacia Automaticky popis

28
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Navrh algoritmov planovania a riadenia

Nudzové brzdenie Adaptive Cruise Control Sledovanie Ciary

ik

RN NFRRRC

© ]
—=
Svetelna signalizacia Paralelné parkovanie Parkovisko Reinforcement Learning

| 05 06
>
* i 1 201 B '

l - - . "] |

' LI

I 0 L

| 0 10 20 30 a0 50 60 70 l

X

Casto vyuzivané nastroje: Automated Driving Toolbox, Model Predictive Control Toolbox, Stateflow,
Navigation Toolbox, Reinforcement Learning, Robotics System Toolbox

29
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Navrh planovania a riadenia zmeny jazdného pruhu
[Highway Lane Change Test Bench |} v — c::;ng Wwa | :2:..“8[
il
;

= Generovanie optimalnej trajektorie v priestore Frenet
= Implementacia manévra v zavislosti na okoli
= Kontrola kolizii

Highway Lane Change

Navigation Toolbox™: Model Predictive Control Toolbox™, Automated Driving Toolbox™
30



https://www.mathworks.com/help/driving/ug/highway-lane-change.html?s_tid=srchtitle
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Parkovanie vozidla

|Auto Parking Valet usinﬂ MPC and RL'

Copyright 2019-2020 The MathWorks Inc.

1

n

States Confraols|

Speed (m/s)

Search MPC Tracking Controller

P Pose Park.

by

merge —|

TargetPose y #{ Steering (rad)
Vehicle Mode \—P Target N1

CurrentPose  Actions

\Vehicle Pose +

Ego Vehicle Model

Lidar
RL Controller

Pose

P Steer

Posa Lidar | Lidar

Parking Lot Simulator

Lidar Sensor

= Hybridny regulator na sledovanie trajektorie a parkovanie
= Model Predictive Control — sledovanie referencnej trajektorie
= Reinforcement Learning — parkovaci menéver

Train PPO Agent for Automatic Parking Valet

Automatic Parking Valet with Unreal Engine Simulation
Reinforcement Learning Toolbox™, Model Predictive Control Toolbox™

I rTD3Agent

Episode Reward

150

100 |

50|

-50

_Episode reward for riAutoParkingValet3D w2, ME Q ¢}
-

Pl

i} 200 400 600 200

1000 1200

Episode Number

Episode number

&
£ THUMUSOFT

— O W

[(“B Training Progress

1132/10000

Start time: 29-Nov-2021 18:12:30
Duration: 02:33:17
Final result: Training finished after

all agents reached siop
training criteria.

Training Information

Agent
rTD3Agent

Status

Training finished

Episode Information (riTD3Agent):
Episode reward: 1447797
Average reward: 120.7051
Episode Q0:

89.9743

More Details...



https://www.mathworks.com/help/reinforcement-learning/ug/train-ppo-agent-for-automatic-parking-valet.html
https://www.mathworks.com/help/reinforcement-learning/ug/automatic-parking-valet-with-mpc-and-unreal-engine.html
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Algortimy sledovania a fuzie

\ &/ A&/

\

WWWWW

|3

» iy
w
-

s

Casto vyuzivané nastroje: Automated Driving Toolbox, Tracking and Fusion Toolbox, Radar Toolbox

32



Sledovanie vozidiel v pritomnosti odrazov radaru

Detections

Odometry

Detect &
Classify

Track
Extended
Objects

Tracks ]

Classification metrics

Highway Vehicle Tracking with Multipath Radar Reflections

Tracker metrics

&
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Automated Driving Toolbox™, Sensor Fusion and Tracking Toolbox™, Radar Toolbox™

33
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https://www.mathworks.com/help/driving/ug/multipath-radar-detection-and-tracking.html
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Sledovanie objektov v prostredi

Lidar 1

Lidar 2 4 N\
Fuse to Extract Object
Occupancy gg Dynamic Level

Grid Cells Tracks

Lidar 3

Lidar 4

Lidar 5

Lidar 6

[ Ego position and ]
orientation  J

Grid-based Tracking in Urban Environments Using Multiple Lidars
A Automated Driving Toolbox™, Sensor Fusion and Tracking Toolbox™



https://www.mathworks.com/help/fusion/ug/grid-based-tracking-in-urban-environments-using-multiple-lidars.html
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Detekcia objektov a semanticka segmentacia s lidarom

bualdmg

Eéc?e strian
cle

otherVehicle
motorcycle
car
driveway
ldC wal
cad

qround
vegetation
batkground

= Detekcia a klasifikacia viacerych objektov
= Podpora viacerych sieti: SalsaNet, RangeNet++, SqueezeSegv2, PointNet
= Funkcie pre pracu s PointCloudom a podpora generovania kodu

Lidar 3-D Object Detection Using PointPillars Deep Learning

Lidar Toolbox™
35



https://www.mathworks.com/help/lidar/ug/object-detection-using-pointpillars-network.html
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Vyvoj systemov autonomneho riadenia

Softvérové aplikacie

(—1 (—1 (4 H

VyVOJova platforma
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Vyvoj softvérovych aplikaci

tel s =
5 Remote [ Submodules

Commit| © §} Branches @ Stashes

& pul

SOURCE CONTROL

ny

NORWANORWH

lzMew

Msg [

my_topic

All| Project (28) | Modified (1)

] Data
& | Models
% LaneFollowingTestBenchExample.sh
"3l LFRefMdl.skx
uirements

ources

& || Scripts

Tests
%) LaneFollowingControllerBuild.m
- Sealiel il Y

AUTOSAR

LW

Evtin

SigOut

DDS
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DDS

Analyza kodu

ISO 26262

Casto vyuzivané nastroje: MATLAB Coder, Embedded Coder, GPU Coder, HDL Coder,
ROS Toolbox, AUTOSAR Blockset, DDS Blockset,
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Simulink Test, Simulink Coverage, Polyspace, IEC Certification Kit,
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Nasadenie algoritmov
[ simulink
— | Compiler g

for k=1l:max . -
x = ££t (dal] || — Simulink
y = 20*log
\ 4 é é Iﬂl \ 4 v
MATLAB / \\ MATLAB MATLAB
Coder ' ' Compiler Gl
MATLAB SDK

Enterprlse Systems

Java
MATLAB JAR DeF"Oyed
Web App Archive

1Siia| ‘4‘%*\ )%;P.. ti%il m!!!?l As;i' Ez; Ef TEEL:: HMLATLAB
\_

D MATLAB Web Production
\_ App Server Server J
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Generovanie C/C++ a GPU kédu v Simulinku

Vision Vehicle Detector Test l
B - J— uuuuuuuuuuu = Generovanie kodu, verifikacia funkcii a meranie ¢asu
g FW N vykonavania pomocou Software-In-the Loop (SIL)
| CPU: Intel® Xeon® @ 3.60GHz, GPU: Quadro K620
WhmMs“ - 1 . o
Senors and Envionmert ruatzmen YOLOv2 YOLOvV2 YOLOvV?2
Coprn 2020 The Mo "~ CPU - MKLDNN GPU - cuDNN GPU - tensorRT

Simulation Time (sec) Simulation Time (sec)

Generate Code for Vision Vehicle Detector
Automated Driving Toolbox™, Embedded Coder®, Computer Vision Toolbox
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https://www.mathworks.com/help/driving/ug/generate-code-for-vision-vehicle-detector.html
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Nasadenie planovania a riadenia do ROS / ROS 2.0

Select one parking spot before simulation:

X

Planovanie 1 2 3 )
| spravania § - T il ef 11 ml |
o | | | L
: : L L Hi=|l
l Dyn ami ka [ . I | | | 4 ROS Automated Parking Valet (Simulink) - o x
3 File FEdit View Insert Tools Desktop Window Help ~
|®| |.| NEde |08 :E
@ - ) ) Global costmap .
1 i T
] = e 40
ST ! : 2 l 30
g i N =
A 20
‘_‘“.“: L\ :(Eg 10
) e NEEEEE B N EEEN
, ' ’ a8 7] 'l»i;) — 0 1‘0 zlo 3Io 4‘0 slo alo 70

- stoffinedstepDiscrete)

Automated Parking Valet with ROS in Simulink

Automated Parking Valet with ROS 2 in Simulink
ROS Toolbox, Embedded Coder®, Automated Driving Toolbox™: Model Predictive Control Toolbox™
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https://www.mathworks.com/help/ros/ug/automated-valet-using-ros-simulink.html
https://www.mathworks.com/help/ros/ug/automated-valet-using-ros2-simulink.html
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Vyvo] systémov autonomneho riadenia

Virtualne svety Multidisciplinarne zrucnosti Softvérové aplikacie
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Prostredia | [ Vozidla Algoritmy

Sensors Detek0|a Lokalizacia Sledovani & Fuzia
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VyVOJova platforma
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Vyvoj UAV aplikacii
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A HUMUSOFT”
Vyvoj AUV aplikacii

* Nastroje pomahaju vyvoj AUV aplikacii
— Systems engineering
— Modelovanie platformy
— Prostredie a snimace

— Autonomne algoritmy

« Hladanie objektu pod vodou
— Navigacia na miesto
— Vyhybanie prekazkam
— Skenovanie plochy

— Spojenie s povrchom

44



&

£ THUMUSOFT

Vyvoj AUV

Navrh systému  Verifikacia aValidacia | e [ — — -
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Dakujem za pozornost



