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Simulacia autondmneho riadenia vo virtualnom svete

Detekcia vozidiel Sledovani& Rizia Rozhodovan&Riadenie

[ Highway Lane Following Test Bench  }

LaneFollowingContraller
# Set Velocity

D ete kC I a LanaFallawingDacisionLogic

Lane Centar

Dynamika
Rozhod l Riadenie

Simulatsion 3D Scenaro

lane boundarnes
aclors

Hi(] hwav Lane FO"OWinCI Copyright 2018-2020 The MathWorks, Inc.
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https://www.mathworks.com/help/driving/ug/highway-lane-following.html
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Vyvoj algoritmov pre viacerée discipliny

Detekcia vozidiel Sledovani& Rizia Rozhodovan&Riadenie

, Detekcia B :
Scenare @ vozidiel ) Dynamika

Riadenie !

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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A Test Manager

~ [ HighuayLaneFolowingMetrcAssessments
~ (3 Test Scenarios
[51 scenario_LFACC_01_Curve_DecelTarget
[E) scenario_LFACC_02_Curve_AutoRetarget
[ [ scenario_LFACG_03_Curve_StopnGo
&) scenario_LFACC_04_Curve_CutinOut
[E) scenario_LFACC_05_Curve_CufinOut_TooClose
[E1 scenario_LFACC_06_Straight_StopandGoleadCar
[E) scenario_LF_01_Straight_RightLane
[E) scenario_LF_02_Straight_LeftLane

[E) scenario_LF_03_Curve_LeftLane

[E) scenario_LF_04_Curve_RightLane

Name

[E) scenario_LFACC_03_Cun
Type Simuition Test
Mocel HighwayLaneFolowngTest

Simuation Mode [Mode! Settings

Location C:\UsersiaailurOneDrive -

e

1 B 4 o 3 A =
OB T 5 b b UM = @ & oo s @
New Open Save P Delete TestSpec  Run Runwith Parallel Visualize Preferences Help
S > S o < =

e e RuN Resurs EnvRONVEN
Test Browser LRI [£] scenario_LFACC_03_Curve_Sto.. % | [\ StatPage x
[Fifer ests by name or ags, e 9 tags test

Create Test Case from Externa File
» TAGS

» DESCRIPTION

» REQUIREMENTS

~ SYSTEM UNDER TEST*

Model: | HighviayLaneFollowingTestBench
» TEST HARNESS
» SIMULATION SETTINGS AND RELEASE OVERRIDES
» PARAMETER OVERRIDES
~ CALLBACKS
» PRE-LOAD

- POST-LOAD" >

» Runs after the model loads and the model PostloadFcn callback

1 scenariolame = "scenario_LFACC_83_Curve_StopnGo”;
2 helpersLHighuayLaneFollowingSetup("scenarioFcnliame” , scenaric

3
4|% Configure output video file name

5| set_param("HighwayLaneFol lowingTestBench/Sinulation 30 Scen:
s ‘outputFilename’, scenarioName+’.mpd’);
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Detekcia vozidiel

VO] softveru pre autonomne riadenie

Sledovani& Rizia

| Highway Lane Following Test Bench

LaneFollowingContraller

[ToEx 10453

[P H0243]

LapeharkerDetacior LaraFallowingDacisionl ogic
lane Patscthins Lane Centar
Lanes

Lare Marker Datector

VehicleDetactor

Kaod

Vehscle Detector

vehicle_dstections Tracks

Wision ForwardVehicleSensorFusion

MIO Relabve Distance

MIO Track Index

¥ Set Velocity

Stearing Angle

¥ Lane Cendar

Forward Vehscle Sensor Fusion
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Automate Testing of Highway Lane Following

Copyright 2018-2020 The MathWorks, Inc.
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Relative lengitudinal distance (between ege and MIO)

Rozhodovan&Riadenie
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Reportovanie

Summary
Name

I HighwayLaneFollowingMetricAssessments
2 Test Scenarios

=l scenario LFACC 01 Curve DecelTarget
=) scenario LEACC 02 Curve AutoRetarget

=l scenario LFACC 03 Curve StopnGo

=) scenario LFACC 04 Curve CutinOut

==l scenario LFACC 05 Curve CutInOut TooClo
=l scenario LFACC 06_Straight StopandGoLea
B . ight RishtL

5 scenario LF 02 Straight Leftlane

I scenario LF 03 Curve LeftLane

=l scenario LF 04 Curve RightLane

Outcome

i
[ = =]
o 0

0000 Q® 0OOCODO

30



https://www.mathworks.com/help/driving/ug/automate-testing-for-highway-lane-following.html
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drivingScenario ()
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Pridanie scenara do
testov
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Tvorba 3D scén

OpenDRIVE Ea—

Geographic Information
System (GIS) subory

A Mralng§ bodov |
A Ortografické obrazky
A Vektorové data

A VI gk daa®

Custom Assets —

Navrh scén

RoadRunner

£THUMUSOFT

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)

Too T oo T To T To T To T To I
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Interaktivny navrh 3D scén v RoadRunner

FourWaySignal.rrscene | Sample Project | RoadRunner 2019.2.0 MASTER - VectorZero = [m] X
File Edit View Ni Ir Environment
A VY Bl v e
Attributes

Prop Polygon

prop M

sity
Uniform

Randomize

Bake

2D Editor | Extrusion Library Browser
» W FreewayTrusses P — ey EEE
C

A
Bush_Sm05 [HUSHESIOG Bushes CalPalm_F CalPalm.

TrafficControl -
W Trees In 3 B W =S Ew
W Urban Ty
» A Rail

» M RoadStyles calPalm... CalPalm...  CalPaim... CalPalm. CalPaim.

Output | Library Brows

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

Here HD Live Map

OpenDRIVE

Geographic Information
System (GIS) subory

A Mralng§ bodov
A Ortografické obrazky

A Vektorové data

A VI gk daa®

Custom Assets

Navrh scén
2020
2020
2020
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OpenDRIVE

Filmbox

Simulatory tretich stran

Too T oo T To T To T To T To I

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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Nov® mognost.i n8vr hu 3D sc®n

Importz n a |, & ©a@m@neér
z HERE

Navrh lateralneho profilu i Navrh superelevacie

Cross Section Tool Road Superelevation Tool . Configure Assets to Use for Imported
RoadRunner | RoadRunner | HERE HD Live Map Data
i ' RoadRunner Scene Builder

2021 | 2021 | 2021
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https://www.mathworks.com/help/roadrunner/ref/crosssectiontool.html
https://www.mathworks.com/help/roadrunner/ref/roadsuperelevationtool.html
https://www.mathworks.com/help/roadrunner/scenebuilder/configure-assets-to-use-for-imported-here-hd-live-map-data.html
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Navrh scén a scenarov

Navrh scenarov jazdy

Driving Scenario Designer App Scenar jazdy
OpenDRIVE — A Cesty
OpenStreetMap . o o e e b e «— A Liary
HERE HD Maps PR ————— A Zabrany a zabradlia
Zenrin SD e \emme A Trajektorie vozidiel
o i o o o o o o o o o o o o o o o ) x \* [ -
[ Vlastné meshe by 4 R = — OpenDRIVE
l- ---------------------- ' | o 'tm
— OpenSCENARIO

Driving Scenario API

ds = drivingScenario();

12
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Noveé priklady navrhu scén a scenarov

Pridavanie zabran a zabradli Import OpenStreetMap

Spatny pohyb

——————— ! _ I
FEOIEE G ! 25.92 -2.22 (reverse mation)
=
; .

Geographic Reference [Hu® &

Latitude 42.2997°

Longitude -71.3504°

L

100 m o
200 #t =
Esri, HERE

Driving Scenario Designer Import OpenStreetMap Data into
Automated Driving Toolbox™ i Driving Scenario
Automated Driving Toolbox™

Create Reverse Mation Driving
Scenarios Interactively

Automated Driving Toolbox™

2021 | 2021 | 2020


https://www.mathworks.com/help/driving/ref/drivingscenariodesigner-app.html
https://www.mathworks.com/help/driving/ug/import-openstreetmap-data-into-driving-scenario.html
https://www.mathworks.com/help/releases/R2020b/driving/ug/create-reverse-motion-driving-scenarios-interactively.html
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Simulacia scén a scenarov

Navrh scéns Simulacia s Simulacia s
RoadRunnerom cuboidmi Unreal Engine® od Epic Games®
Navh B —
scenarov jazdy et
-2 \‘\
/ \
Vyugi tie Vyugitie 5
A Simulacia riadenia, planovania, sledovania a A Simul 8§cia syst®mov zahR
fuzie lokalizaciu
A Simul §cia syst®mov vygal|A Vizualizacia systémov, kde simulacia je
alebo detegované senzory tvorena pomocou cuboidov

14
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Nové mognosti s iUnmred Bnginoen s

Pol a& i
poloha sinka

Vlastné meshe Svetla vozidla

Prepare Custom Vehicle Mesh for the Simulation 3D Vehicle with Ground Simulation 3D Scene Configuration

Unreal Editor | Following | Automated Driving Toolbox™
Automated Driving Toolbox™ | Automated Driving Toolbox™
2021 | 2021 i 2021
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https://www.mathworks.com/help/driving/ug/prepare-custom-vehicle-mesh-for-the-unreal-editor.html
https://www.mathworks.com/help/vdynblks/ref/simulation3dvehiclewithgroundfollowing.html
https://www.mathworks.com/help/driving/ref/simulation3dsceneconfiguration.html
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detekcie

Unreal Engine Sensors

Sémanticka
segmentacia

Monokularna
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Enkdder
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16 Last o

V Yy ug? vAuton®&teahFiwng Toollpoe™, Radar Toolbox, Navigation Toolbox™
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Simulacia radaru na roznych drovniach

Surove lQ signaly Detekcie Klaster Sledovania

D))

Radar

Waveform-level Model Measurement-level Model

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

R2021a
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https://www.mathworks.com/help/radar/ref/radartransceiver-system-object.html
https://www.mathworks.com/help/driving/ref/drivingradardatagenerator-system-object.html

. P

£ HUMUSOFT

Oznal ovanie zaznamenanlch d§t

Popisovaniedatzoz n2 mal ov

Ground Truth Labeler App

Popisky:

Regions of Interest: cuboid,

o b d Q gailyigdn, polyline
Pixely (semant. segmentacia)
Podskupiny

Atributy

Scény (udalosti)

To Too T I

Automatizacia

Vozidla, Qu dli iaar vy

sledovanie bodov, d o | a @tarpolator : I
1

1
1
yd - I
Vlastng algor_ltmy —

popisovania I

1

J
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Nov® pr2klady oznal ovania d8§t

Oz n al ealygorov Oznal eni e Aut omati z8ci a
ROI projektovanych cuboidov | kameru a lidar

Label Objects Using Polygons Ground Truth Labeler Automate Ground Truth Labeling
Automated Driving Toolbox™ i Automated Driving Toolbox™ | Across Multiple Signals

Automated Driving Toolbox™
Lidar Toolbox™

2021 | 2020 | 2021

19


https://www.mathworks.com/help/vision/ug/label-objects-using-polygons.html
https://www.mathworks.com/help/releases/R2020b/driving/ref/groundtruthlabeler-app.html?searchHighlight=Draw projected 3-D bounding boxes around objects in images and video using the projected cuboid label type&s_tid=doc_srchtitle
https://www.mathworks.com/help/driving/ug/automate-ground-truth-labeling-across-multiple-signals.html
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Algoritmy

Detekcia Lokalizacia Sledovaré. Rizia
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Navrh algoritmov planovania a riadenia

Nadzové brzdenie Adaptive Cruise Control | iZeneng pruhu

L } -...\
Svetelna signalizacia Paralelné parkovanie Parkovisko Reinforcement Learning

RELRERERCH

30
-

* . : 20 |

| - - . ]

' LIML/NL|

| ol

| 0 10 20 30 40 50 60 70

X

Last o vyug? vAutonatedFigng Toolpor Model Predictive Control Toolbox, Stateflow,
Navigation Toolbox, Reinforcement Learning, Robotics System Toolbox

21
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Noveé priklady planovania a riadenia

Planovanie parkovania | Parkovanie metodou
nakladného vozidla 5 reinforcement learning

®000O000

£THUMUSOFT

Planovanie pre mesta

Motion Planning in Urban Environments

Truck and Trailer Automatic Parking Using Train PPO Agent for Automatic Parking
Multistage Nonlinear MPC i Valet
Model Predictive Control Toolbox i ReinforcementLearning Toolbox
Robotics System Toolbox E Model Predictive Control Toolbox
R2021a R2020b

Using Dynamic Occupancy Grid Map
Automated Driving Toolbox,
Navigation Toolbox:

Sensor Fusion and Tracking Toolbox,

R2021a


https://www.mathworks.com/help/mpc/ug/truck-and-trailer-automatic-parking-using-multistage-mpc.html?searchHighlight=truck and trailer&s_tid=srchtitle
https://www.mathworks.com/help/driving/ug/motion-planning-using-dynamic-map.html
https://www.mathworks.com/help/reinforcement-learning/ug/train-ppo-agent-for-automatic-parking-valet.html
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Algortimy sledovania a fuzie

Front View (Time Step = 102) 1, "&5 \J d / \J & /

\

Last o vyug? vAutonatedFigng Toolpor, Tracking and Fusion Toolbox, Radar Toolbox

23
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Algoritmy detekcie a lokalizacie

Objekty Sémanticka segmentacia

Last o vyug? vAutonatedFigng Toolpor Computer Vision, Lidar Toolbox, Radar Toolbox, Deep Learning Toolbox,
Navigation Toolbox

24
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Nove priklady detekcie s lidarom

Sémanticka segmentacia PointPillars

Lane Detection in 3-D Lidar Point Lidar Point Cloud Semantic Lidar 3-D Object Detection Using
Cloud Segmentation Using SqueezeSegV2 PointPillars Deep Learning
Lidar Toolbox™ Deep Learning Network Lidar Toolbox™,
Lidar Toolbox™. Deep Learning Toolbox™

Deep Learning Toolbox™

2021 Updated R2021 Updated R2021
25


https://www.mathworks.com/help/lidar/ug/lane-detection-in-3d-lidar-point-cloud.html
https://www.mathworks.com/help/lidar/ug/semantic-segmentation-using-squeezesegv2-network.html
https://www.mathworks.com/help/lidar/ug/object-detection-using-pointpillars-network.html
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Noveé priklady pre SLAM algoritmus

Monokularna kamera Stereo kamera

Map points P
Estimated trajectory ..
Optimized trajectory R b A .

Develop Visual SLAM Algorithm Using Stereo Visual Simultaneous Design Lidar SLAM Algorithm using
Unreal Engine Simulation Localization and Mapping 3D Simulation Environment
Automated Driving Toolbox™ Computer Vision Toolbox™ Automated Driving Toolbox™
Computer Vision Toolbox™ Computer Vision Toolbox™
Navigation Toolbox™ Navigation Toolbox™
2020 2021 2020

26


https://www.mathworks.com/help/releases/R2020b/driving/ug/develop-visual-slam-algorithm-using-unreal-engine-simulation.html
https://www.mathworks.com/help/vision/ug/stereo-visual-simultaneous-localization-mapping.html
https://www.mathworks.com/help/driving/examples/design-lidar-slam-algorithm-using-3d-simulation-environment.html
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Vyvo| softvérovych aplikacii

ROS/ROS 2.0 AUTOSAR DDS
3 Evtin SigCiut [» ) p

Continuous Integration | Automatické testovanie Analyza kodu 1SO 26262

Last o vyug? vMATI®B @o8es, Embeddesl Coder, GPU Coder, HDL Coder,
ROS Toolbox, AUTOSAR Blockset, DDS Blockset,

Simulink Test, Simulink Coverage, Polyspace, IEC Certification Kit,
28
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Generovanie C/C++ a GPU koédu v Simulinku

Vision Vehicle Detector Test

TEE T a3 F uuuuuuuuuuu A Generovanie kodu, verifikaciafunkciamer ani e | as u
1 F HHHHHHHHHH m vykonavania pomocou Software-In-the Loop (SIL)
| e ) CPU: Intel® Xeon® @ 3.60GHz, GPU: Quadro K620
o i I
mmmmmmmmmmmmmmmmmm fsen YOLOvV2 YOLOvV2 YOLOvV2

capren 2020 T o, CPU - MKLDNN GPU - cuDNN GPU - tensorRT
Generate Code for Vision Vehicle Detector
Automated Driving Toolbox™, Embedded Coder®, Computer Vision Toolbox 202]

29


https://www.mathworks.com/help/driving/ug/generate-code-for-vision-vehicle-detector.html
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Noveé priklady generovania C/C++ kodu

Nasadenie riadenia
do C/C++

Nasadenie planovania
do C/C++

Nasadeni e sl

do C/C++

30

Lane Marker Detector Test Bench

Generate Code for Highway Lane

Generate Code for Highway Lane

Generate Code for Lane Marker

Detector Following Controller Change Planner
Automated Driving Toolbox™ Automated Driving Toolbox™ Automated Driving Toolbox™
Embedded Coder Model Predictive Control Toolbox™ Navigation Toolbox™
Embedded Coder Embedded Coder
2020 2021¢ 2021


https://www.mathworks.com/help/releases/R2020b/driving/ug/generate-code-for-lane-marker-detector.html
https://www.mathworks.com/help/driving/ug/generate-code-for-highway-lane-following-controller.html
https://www.mathworks.com/help/driving/ug/generate-code-for-highway-lane-change-planner.html
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Nasadenie planovania ariadenia do ROS / ROS 2.0

- oo o Select one parking spot before simulation:
Planovanie EEa 1 ’ : ‘
L spravania : e B LRERERLE
o | | [N |
 PI5 g . mnn [ | W
P|an0vanle = : . . Dynamlka I | | | [4] ROS Automated Parking Valet (Simulink) - O X
pObu — A QEBEE ;.T@\rsg Ejur\sk %Sk‘tup Window  Help
S Em—— o |
Global costmap

50

(

0 10 20 30 40 50 60 70
X

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™ R202 Ob

31



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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Autondmne UAV
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P MATLAB T s|mu|mk®—3,
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1

1
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1 Vnimanie
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Implementécia
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Vyvoj UAV aplikacii
P MATLAB T s|mu|mk®—\, ________

ﬁ Architektura Systemu
(T~ UAV Model ===
l
l

T Y

\--------------

=== N itmoy =---- >

.' Navrh algoritmov ~= Implementacia

! -m Vnimanie , .1

i Planovanie | \_ PX 4 NVIDIA® Jetsor®
I Riaden; & Logika :

L adenie ) - , Prepojenie ~N

+—>
Spojenie

Ground Control Station y
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UAV Model

VI

beh

vhodne|]

Z |

O ¢

Physical Modeling

Model construction techniques and best practices, domain-specific
modeling, physical units

) F (M) Fixad
oz Mass.

m?@d"m
mi
M, (N-m)

v {mis)

X, (m)

¢ By jrad)

Drag
) Gth Order
Weight Paint Mass

Thrust

> h {my Confinuaus

— Ying (M= B
AV (mis) =/

>EK:M I(J:zdfrr]\ Wy {radis) s

o i i

Vehicle Dynamics

Model aerodynamics, propulsion, and motion of aircraft and spacecraft

36 Simscape Multibody, Aerospace Blockset, UAV Toolbox

) Control

3 Environment

JL
v

State [

N Control

N Environment

AL
h

State [y

Guidance Model
Reduced-order model for UAV

Link


https://www.mathworks.com/help/physmod/simscape/physical-modeling.html
https://www.mathworks.com/help/uav/ref/guidancemodel.html
https://www.mathworks.com/help/aeroblks/equations-of-motion-1.html
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https://www.mathworks.com/help/deeplearning/ug/pedestrian-detection.html
https://www.mathworks.com/help/lidar/ug/aerial-lidar-segmentation-using-pointnet-network.html
https://www.mathworks.com/help/lidar/ug/lidar-camera-calibration.html
https://www.mathworks.com/help/fusion/ug/imu-and-gps-fusion-for-inertial-navigation.html
https://www.mathworks.com/help/nav/ug/perform-lidar-slam-using-3d-lidar-point-clouds.html
https://www.mathworks.com/help/lidar/ug/aerial-lidar-slam-using-fpfh-descriptors.html
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https://www.mathworks.com/help/uav/planning-and-control.html
https://www.mathworks.com/help/uav/ug/motion-planning-with-rrt-for-fixed-wing-uav.html
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https://www.mathworks.com/help/mpc/ug/control-of-quadrotor-using-nonlinear-model-predictive-control.html
https://www.mathworks.com/help/reinforcement-learning/index.html
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https://www.mathworks.com/help/uav/ref/uavscenario.html
https://www.mathworks.com/help/uav/ug/uav-package-delivery.html
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