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VĨvoj syst®mov auton·mneho riadenia
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Simul§cia auton·mneho riadenia vo virtu§lnom svete
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Highway Lane Following

https://www.mathworks.com/help/driving/ug/highway-lane-following.html


VĨvoj algoritmov pre viacer® discipl²ny
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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


VĨvoj softv®ru pre auton·mne riadenie 
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Detekcia ļiarDetekcia vozidiel Sledovanie & F¼zia Rozhodovanie & Riadenie

K·d K·d

Sc®ny

Scen§re
Dynamika

Sn²maļe
Metrika

Automate Testing of Highway Lane Following

Spr§va testov Reportovanie

https://www.mathworks.com/help/driving/ug/automate-testing-for-highway-lane-following.html


VĨvoj virtu§lnych svetov
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Typy virtu§lnych svetov
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Unreal Engine Cuboid



Tvorba 3D sc®n
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N§vrh sc®n

Simul§tory tret²ch str§n
Å CARLA 

Å Unreal EngineÈ

Å UnityÈ

Å LGSVL

Å VIRES Virtual Test Drive

Å Metamoto

Å IPG Carmaker

Å Cognata

Å Baidu Apollo

Å Tesis Dynaware

Å TaSS PreScan

Å NVIDIA DRIVE Sim cez 

Universal Scene Description (USD)

Geographic Information 

System (GIS) s¼bory
Å Mraļn§ bodov

Å Ortografick®obr§zky

Å Vektorov® d§ta

Å VĨġkov® data

RoadRunner 

OpenDRIVE

Filmbox

OpenDRIVE

Custom Assets



Interakt²vny n§vrh 3D sc®n v RoadRunner
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Tvorba 3D sc®n
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N§vrh sc®n

Simul§tory tret²ch str§n
Å CARLA 

Å Unreal EngineÈ

Å UnityÈ

Å LGSVL

Å VIRES Virtual Test Drive

Å Metamoto

Å IPG Carmaker

Å Cognata

Å Baidu Apollo

Å Tesis Dynaware

Å TaSS PreScan

Å NVIDIA DRIVE Sim cez 

Universal Scene Description (USD)

Geographic Information 

System (GIS) s¼bory
Å Mraļn§ bodov

Å Ortografick®obr§zky

Å Vektorov® d§ta

Å VĨġkov® data

Here HD Live Map

RoadRunner Scene Builder

RoadRunner

RoadRunner Asset Library

OpenDRIVE

Filmbox

OpenDRIVE

Custom Assets



Interakt²vny n§vrh pomocou RoadRunner Scenario

ÅPridanie vozidiel

ÅSledovanie cesty

ÅZmena rĨchlosti

ÅZmena pruhu

ÅLater§lna zmena
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Scenario Edit Tool
RoadRunner Scenario

https://www.mathworks.com/help/roadrunner-scenario/ref/scenarioedittool.html


Simul§cia scen§rov vo viacerĨch prostrediach

ÅMATLAB, Simulink, CARLA

ÅZmena stavu

ïP·za a rĨchlosŠ v kaģdom kroku 

ÅĻ²tanie stavu

ïpr²kazy(cesta, rĨchlosŠ, zmena 

pruhu, later§lna zmena)

ïP·za a rĨchlosŠ ¼ļastn²kov

ïRozmery ¼ļastn²kov

ïMapovanie ļiar
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Built-in 

Agents



GrafickĨ n§vrh scen§rov pomocou Driving Scenario Designer

ÅN§vrh sc®n

ïCesty, ļiary

ïHotov® (Euro NCAP)

ÅImport ciest

ïOpenDRIVE, HERE HD Live 

ÅPrid§vanie aktorov

ïTvar, sn²maļe 

ïTrajekt·rie

ÅExport scen§rov

ïMATLAB, Simulink model
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Driving Scenario Designer

Automated Driving ToolboxTM

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


Simul§cia sn²maļov
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Cuboid sn²maļe Unreal Engine Sensors
Cuboid a Unreal Engine

Monokul§rna

kamera

S®mantick§ 

segment§cia

HŌbkov§
Fisheye

kamera

Radarov® 

detekcie
Lidar

Detekcie obrazu Detekcie ļiary

Radarov®

sledovanie

Radarov®

IQ sign§ly

Sn²maļe polohy

Enk·der

kolies

Global 

Positioning 

System

(GPS)

Inertial 

Measurement

Unit

(IMU)

Inertial 

Navigation 

System

(INS)

Ļasto vyuģ²van® n§stroje: Automated Driving ToolboxTM, Radar Toolbox, Navigation ToolboxTM



Simul§cia radaru na r¹znych ¼rovniach
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Surov® IQ sign§ly Detekcie Kl§ster Sledovania

Waveform-level Model Measurement-level Model

Radar Transceiver
Radar Toolbox

Driving Radar Data Generator
Automated Driving ToolboxTM, Radar Toolbox

Radar

ID 1

ID 2

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


VĨvoj multidisciplin§rnych zruļnost²
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Algoritmy detekcie a lokaliz§cie
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Ļiary Objekty S®mantick§ segment§cia

SLAM Mapy Inerci§lnaf¼zia

Ļasto vyuģ²van® n§stroje: Automated Driving Toolbox, Computer Vision, Lidar Toolbox, Radar Toolbox, Deep Learning Toolbox,

Navigation Toolbox



Komplexn® vn²manie pomocou AI

ÅJazdnĨ pruh / cesta

ÅĻiary a znaļky na ceste

ÅSemaf·ry

ÅIn² ¼ļastn²ci

ïVozidl§

ïChodci

ïBicyklisti

ÅĐlohy

ïDetekcia a predikcia spr§vania

ÅTradiļn® algoritmy nemusia fungovaŠ pre viacer® scen§re
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Đlohy vn²mania pre AI
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HIGHWAY_SCENE

Klasifik§cia

Car Car CarDetekcia

Lane Lane

Regresia

S®mantick§

segment§cia



Đlohy vn²mania pre AI
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Klasifik§cia

radaru

Detekcie

lidaru

Predikcia cesty

(Regresia)

S®mantick§ 

segment§cia

lidaruCar

Trucks

Background

Unknown

Pedestrian

Static

Vehicle

Bicyclist



PracovnĨ postup
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Tr®novanie

AI modeluD§ta

Popis



Popis d§t pomocou Ground Truth Labeler App

ÅInterakt²vny popis d§t

ïRectangular ROI

ïPolygon ROI

ïPolyline ROI

ïPixel ROI (s®manticsegment.)

ïCuboid (lidar)

ÅVstavan® a vlastn® algoritmy

ÅVizualiz§cie

ÅExport popiskov
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Ground Truth Labeler

Automated Driving ToolboxTM

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


N§vrh a tr®novanie modelov strojov®ho uļenia
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N§vrh a tr®novanie konvoluļnĨchneur·novĨch siet²
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HŎadanie najlepġieho modelu

ÅHŎadanie parametrov

ïZoznam hodn¹t

ïBayesian optimization

ÅPorovnanie

ïArchitekt¼r

ïD§tovĨch setov

ÅVlastn§ metrika 

vyhodnocovania modelov

ÅVizualiz§cie

ïGraf tr®novania

ïConfusion matrix

25



UrĨchlenie popisovania
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D§ta Popisok

Tr®novanie

N§vrh 

popiskov

Manu§lne

overenie

Natr®novanĨ

AI model



Generovanie obr§zkov r¹zneho ļasu dŔa
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S¼mrak na deŔ

DeŔ na s¼mrak

Á 370 obr§zkov

Á CAMVID dataset

ï Obr§zky dŔa: 263

ï Obr§zky s¼mraku: 107

Á Na uļenie sa nepouģ²vaj¼ ļasov® inform§cie

Detaily tr®novania

Link to Example

https://www.mathworks.com/help/images/unsupervised-day-to-dusk-image-translation-using-unit.html


Generovanie pop²sanĨch d§t zo simul§cie
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TradiļnĨ postup DL

D§ta Popis

Simul§ciaAutomatickĨ popis

Tr®novanie

Tr®novanie

Simulation Environment

Natr®novanĨ

AI model



N§vrh algoritmov pl§novania a riadenia
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N¼dzov® brzdenieAdaptive Cruise Control Sledovanie ļiaryZmena pruhu

Sveteln§ signaliz§ciaParaleln® parkovanieParkovisko Reinforcement Learning

Ļasto vyuģ²van® n§stroje: Automated Driving Toolbox, Model Predictive Control Toolbox, Stateflow,

Navigation Toolbox, Reinforcement Learning, Robotics System Toolbox



N§vrh pl§novania a riadenia zmeny jazdn®ho pruhu
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Highway Lane Change

Navigation ToolboxTM, Model Predictive Control ToolboxTM, Automated Driving ToolboxTM

Planning Controls

Dynamics

Metrics

Scenes

Scenario

Á Generovanie optim§lnejtrajekt·rie v priestoreFrenet

Á Implement§cia man®vra v z§vislosti na okol²

Á Kontrola kolizi²

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


Parkovanie vozidla
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Á HybridnĨ regul§tor na sledovanie trajekt·rie a parkovanie

Á Model Predictive Control ïsledovanie referenļnej trajekt·rie

Á Reinforcement Learning ïparkovac² men®ver

Train PPO Agent for Automatic Parking Valet

Automatic Parking Valet with Unreal Engine Simulation

Reinforcement Learning ToolboxTM,Model Predictive Control ToolboxTM

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


Algortimy sledovania a f¼zie
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Radar a kamera Lidar a radar Vehicle to Vehicle Mrieģky obsadenosti

Kamera Lidar Radar s odrazmi Hranice ļiary

Ļasto vyuģ²van® n§stroje: Automated Driving Toolbox, Tracking and Fusion Toolbox, Radar Toolbox



Sledovanie vozidiel v pr²tomnosti odrazov radaru
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Highway Vehicle Tracking with Multipath Radar Reflections
Automated Driving ToolboxTM, Sensor Fusion and Tracking ToolboxTM, Radar ToolboxTM

Detect & 

Classify

Track 

Extended 

Objects
Tracks

Detections

Odometry

Classification metrics Tracker metrics
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https://www.mathworks.com/help/driving/ug/multipath-radar-detection-and-tracking.html


Sledovanie objektov v prostred²
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Grid-based Tracking in Urban Environments Using Multiple Lidars
Automated Driving ToolboxTM, Sensor Fusion and Tracking ToolboxTM

Fuse to 

Occupancy 

Grid

Extract 

Dynamic 

Cells

Object 

Level 

Tracks

Lidar 1

Lidar 2

Lidar 3

Lidar 4

Lidar 5

Lidar 6

Ego position and 

orientation

https://www.mathworks.com/help/fusion/ug/grid-based-tracking-in-urban-environments-using-multiple-lidars.html


Detekcia objektov a s®mantick§ segment§cia s lidarom

35

Á Detekcia a klasifik§cia viacerĨch objektov

Á Podpora viacerĨch siet²: SalsaNet, RangeNet++, SqueezeSegv2, PointNet

Á Funkcie pre pr§cu s PointCloudom a podpora generovania k·du

Lidar 3-D Object Detection Using PointPillars Deep Learning

Lidar ToolboxTM

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


VĨvoj syst®mov auton·mneho riadenia
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VĨvoj softv®rovĨch aplik§ci²
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K·d ROS / ROS 2.0 AUTOSAR DDS

Continuous Integration Automatick® testovanieAnalĨza k·du ISO 26262

Ļasto vyuģ²van® n§stroje: MATLAB Coder, Embedded Coder, GPU Coder, HDL Coder, 

ROS Toolbox, AUTOSAR Blockset, DDS Blockset,

Simulink Test, Simulink Coverage, Polyspace, IEC Certification Kit, 

C C++

GPU HDL


