. i
f{HUMUSOFT
12.05.2022 Technical Computing Prague

Al gori tmy auton:- mnyec

Michal Blaho

( )
[ Prostredia | [ Vozida | Algoritmy ) b I ah (@) @ h umu SOft .CZ
Detelfcia Lokalizacia Sledovani & Fuzia
www.humusoft.cz
Info@humusoft.cz

A )

Vyvo;ova platforma

www.mathworks.com



mailto:blaho@humusoft.cz
http://www.humusoft.cz/
mailto:info@humusoft.cz
http://www.mathworks.com/

~

VI

e

Prostredia

. N
Vozi d

Sensors

Algoritmy

Sledovard P2z |

LE= T10
: %

Vivojovs§

pI awad Or ma

f%;HUMUSOFT
VO] syst®mov auton- mneho
(V N 1\



&

£ THUMUSOFT

l a auton- mneho ri1 adeni

Detekcia vozidiel Sledovani& P42z | a RozhodovanfeRiadenie

ta e and MIO)

LaneFollowingConinoller
# St Valocity

LareFollowingDecisionl ogic

atactins Lane Canlar # Lane Cenlar

Lanes

Rozhod I . . Dynamika
: Riadenie W= .
logika

Sled Ovan.& ) MO Track Index Lﬂ.?uﬂ|m|vm

Lane Following Controdier

a - Lane Following Decisson Loge

Simulation 30 Scenaria

aciors

H |qhwav Lane Fol |0Winq Copyright 2018-2020 The MathWorks, Inc.

3


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

£ HUMUSOFT

P
B P
~

VI1vVvo,] al gori tmov pre viacer ®

Detekcia vozidiel | Sledovani& P4z | RozhodovanfeRiadenie

1o distance (between ege a

Detekcia | & Sledovani
vozidiel e&F Yaz

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

@

£ THUMUSOFT

aut on-:- mne

RozhodovanfeRiadenie

softv®r u

Detekcia vozidiel

pr e

Sledovani& P42z |

a

| Highway Lane Following Test Bench )

Automate Testing of Highway Lane Following

5

Copyright 2019-2020 The Math\Works, Inc.

Relative longitudinal distance (between ego and MIO)

o 5 10 a5 20 25 30
tme (sech
velocity (between ego and MIO}

o 5 10 15 20 25 30
tme (sse)
Absolute velocity

o 5 10 15 20 25 30
time (sec)

LaneFollowingController .
—_—— et veiocry eportovanle
4\ Test Manager -
M HaneFalumabacant e
N Stearing Angle S
. 4 o % (o Y . umma;
= | Y Z;y a5 > P m = A ok, import ° N | TEn 0] Fi \ane Jatecthins Lane Cemar ¥ Lane Cantar ry
New Cpan Seve Delte TetSpec Run Romvith o punle Vil 5 . preferences el
T T @ . Rt | o Sepper E # < Name Outcome
(5] scenaro_LFACC.03_Curve_Sto. | i\ SatPage . . .

[Fiter et by mame o tag, o3, tage e Larw Marker Dolecior steern 1 HighwayLaneFollowingMetricAssessments 10@
A CreteTest Case rom Extema i | - ) e
= (3 Test Scorrios » TAGS v - MIO Relatve Distance #MIO Relative Distance [ Test Scenarios 10

[E) scenario_LFACC_01_Curve_DecaiTarget » DESCRIPTION ViehicleDatector -
B LFACG_02_Curve_AutoRetarget » REQUIREMENTS [Thes 0t =l scenario LFACC 01 Curve DecelTarget o
5] scenario_LFACG_03_Curve_StapnGo S TERET! SR K d o K . d _ | o
[El scenario_LFACC_04_Curve_CutinOut (] i B{0_Sooh| e 5 5
[E] scenario_LFACC_05_Curve_CutinOut_TooClose Model: | HighwayLaneFollowingTestBench = scenario LFACC 02 Curve AutoRetarget
[E) scenario_LFACC_06_Sreight_StopandGoLeadCar A i . )
) sconari.LF_01 Stagh_Rghtane D R LS =l scenario LFACC _03_Curve StopnGo
[5) scenario_LF_02_Straight_LeftLane » SIMULATION SETTINGS AND RELEASE OVERRIDES A v
e Vetucis Detector & scenario LFACC 04 Curve CutlnOut ©
[E) scenario_LF_04_Curve_RigntLane ? PARAMETER OVERRIDES wehicle detections Tracks
- CALLBACKS" .
=l scenario LFACC 05 Curve CutInOut TooClo ]
» PRE-LOAD [
IO Track Indesx He— Longdudinal Velocity . . .
-posT-LoRD" > - — |= scenario LFACC 06 Straight StopandGoLea [
» Runs after the model loads and the model PostLoadFcn callback A . B
S sconaricians = ~scemario_LFACC_23_carve_Stopnia™s Tk Lana Folowing Controler 5 scenario LF 01 Straight RightLane ©
2 helpersLHighuayLaneFollowingsetup("scenarioFcname” , scenaric Lane Following Decisson Loge
2/% configure output video file nane | scenario LF 02 Straight LeftlLane o
5 set_param("HighwayLaneFollowingTest8ench/Simulation 3D Scen: _
S| Toutputfilename’, scenariofiames’.npd’); Forward Vehicle Sensor Fusion |z scenario LF 03 Curve LeftLane ©
Name [E] scenario_LFACC_03_Curv o
Ty Simulation Test | 1 T i
i R Iang boundanes &l scenario LF 04 Curve RightLane
‘Simulation Mode [Model Settings]
Location CUsersaalumOneDive - LCEEAND R actors



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

~

VIvoj virtug8lnych

Virtus8l ne S

Prostredia

N f

i N
Vozi d

svetoyv

&

£ THUMUSOFT



. o7
}? )

£ HUMUSOFT

Typy virtus8lnych svetov

Unreal Engine Cuboid




Tvor ba

OpenDRIVE

Geographic Information
System (GIS)s Yab or vy
A Mraln8 bodov
A Ortogralfr &xkky
A Vekt odSmav ®

A VT g k data®

Custom Assets

3D

S CcC ®n

N§vr h

RoadRunner

S CcC®n

&

£ THUMUSOFT

OpenDRIVE

Filmbox

o Joo T To To o T T To Do Bo I (/)

i mul 8tory tr
CARLA
Unreal EngineE
UnityE
LGSVL
VIRES Virtual Test Drive
Metamoto
IPG Carmaker
Cognata
Baidu Apollo
Tesis Dynaware
TaSS PreScan

NVIDIA DRIVE Sim cez
Universal Scene Description (USD)

Pt 2




|l nterakt?2vny n8vrh

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

File Edit View Tools Assets Window Help

13X N 1[0 S o Sl PRl ol M EN WY

2D Editor | Extrusion Library Browser
» M FreewayTrusses
» W Misc
’ - MyProps

» M TrafficControl

3D sc

Attributes

Prop Polygon
|a——)
Bush_Sm06.fbx

Prop

Density |0.319
Uniform

Randomize

Bake

nnn

> l Signals Bush_Sm05 FEUSHSIMOG Bushes CalPalm_F. CalPalm...

= -l

» W Urban
A Rail

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

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.

CalPalm.

~HUMUSOFT

®nNn Vv

m} X

Environment

MO Al vl s

VECTORZERDS




10

Tvor ba

Here HD Live Map

3D

S CcC ®n

OpenDRIVE

Geographic Information
System (GIS)s Yab or vy
A Mraln8 bodov
A Ortogralfr &xkky
A Vekt odSmav ®

A VT g k data®

Custom Assets

N§8vr h sc®n

RoadRunner Scene Builder

RoadRunner

&

£ THUMUSOFT

OpenDRIVE

Filmbox

o Joo T To To o T T To Do Bo I (/)

i mul 8t osyrg8n
CARLA
Unreal EngineE
UnityE
LGSVL
VIRES Virtual Test Drive
Metamoto
IPG Carmaker
Cognata
Baidu Apollo
Tesis Dynaware
TaSS PreScan

NVIDIA DRIVE Sim cez
Universal Scene Description (USD)

Pt 2




. P

£ THUMUSOFT

Interakttvny n § vr h p ®koadRumner Scenario

J SpeedBump Actions.rrscenario | 22a Project | MathWorks RoadRunner R2022a = ] X

File Edit View Tools Assets Window Help

Pe =
Attributes

A Pridanie vozidiel LW LSt | 5

Name
Actor Id

Color

A Sledovanie cesty 'y 4 , ‘ L e [ e

Behavior

Point Offsets

C h I . Enable Anchoring

Anchor

—_

AZmena r

Lock To Anchor

Forward Offset

A Z m e n a p r u h u » 7 7 - V : oy e s Forward Offset

Reference Line
l \ctions { = @ Origin

-20.17 m

Front

- m
=

mblies Back

Behaviors Vel 5K_Box SK_Hatchb SK_Muscle SK_Pickup
. ack Car Truck
Buildings Lane Offset

Damage
. Relative To Road Edge

ALater 8l na z

Developer
Extrusions

% ® Left Lane
Offset From

Right Lane

Lane Offset 1 lane(s)

Place Actors

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

@ \ith Rnad Anchar

Scenario Edit Tool
RoadRunner Scenario

11


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

e P
£ THUMUSOFT

~

SI mul 8cir a scen8rov Vvo Vviacerl

A MATLAB, Simulink, CARLA

A Zmena stavu
iP-za a rlchlosS v kag

AL2tanie stavu

i pr 2 k(eegtayr 1 c h, zneesaS
pr uhu, | at gr 81 na

. . ~ < | . e
(Pezalahl oss %l a Qe

i Rozmery Yl ast n? kaElUS

I Mapovanie | 1 ar

12



P
. 7

£ HUMUSOFT

Grafi ckdcerB&mr dv Priving&aemato Designer

4 Driving Scenario Designer - PFACC_05_Curve_CutinOut.mat - Scenario Canvas a X
ANSvrh sc®n *
wOH d @& = ke d W B @ [ ¢
. - New Open Save Add Add Add Add  Goto Step Pause Step 1 Repest Default  Export
I CeSt y | | ar y v v v  Road Actorv Camera Radar Stat Back Forvard Layot v
! FILE SCENARIO SENSORS SIMULATE VEW | EXPORT Y

| Roads | Actors !{ Scenario Canvas \‘7 | Ego Centric View |

I Ho t o(u® NCAP) o [ :

Name:

A Import ciest

¥ Lanes

180 [

I OpenDRIVE, HERE HD Live | = 175

Lane Width (m): 36
» Marking 1-Solid 170

APr i d § aktorov e | ¢ e

X (m) y (m) z(m) ; 160
500

155

I Tvar,sn 2 mal e

150 |

145

I Trajekt - -rie

AExpotscen8r ov
i MATLAB, Simulink model ~

135 =

Driving Scenario Designer
13 Automated Driving Toolbox™



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

. P

£ THUMUSOFT

Si mul 8ci a sn2mal ov

Cuboids n 2 ma | : : Unreal Engine Sensors Sn2mal e pgol

Monokul8rna S®mant |
kamera segment

Cuboid a Unreal Engine

Radaro v ® Radar ov® :

) : Lidar
sledovanie detekcie

P O

Enk der
kolies

1
|

& P
V \ n

Global
Positioning
System
(GPS)

1]

\

N

N\\\

/-

[EEL
Measurement
Unit
(IMU)

Radaro
1Q sign8ly

100 X ! \ i
100 ‘.. .‘ !
80 \ / \ /
70 20 \ \ /
60 \ \ ‘ /
50 80 Y\ - / A\ ‘ | /
40 \ / \ /
70 \ / \
30 \ \
20 N -
60 \ A . |
10 \ \
50 J
-10 o 10 .

14 Last o vyug?2 vAaun®ated BrisingrTaojbax™, Radar Toolbox, Navigation Toolbox™

Inertial
Navigation
System
(INS)




P
I 7

£ HUMUSOFT

Si mul 8ci a radaru na rtznych %

Sur ol@8&ignsly Detekcie KI 8ster 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

B P
£ THUMUSOFT

~

Vivo] multidisciplin8rnych zr

vMulyt i di szr pl n

Algoritmy
Detekcia [ Sledovai® P2z i

PE-SEaR S
S =N F== N
T

=7

16



V Yy ug? vAu®ated BrivingTaoibax, Computer Vision, Lidar Toolbox

Last o :
Navigation Toolbox

17

det ek c

Al gor i t my |

— — —Boundaries

* Nodes
Links

O Lidar traffic signs

+  HDLM traffic signs

—+— GPS before correctio
fter correction

LLLLLLL

e,
5. ©2020 HERE

e

e

| ok al |

a

S®manti cks§

Radar Toolbox, Deep Learning Toolbox

fiHUMUSOFT

Z S



P
B 7

£ HUMUSOFT

Komplexn® vn2 mani e pomocou Al

AJazdnl/cestauh

AlLiaryaznal ky na ce

ASemaf -ry

Al n2z Y|l astn?2ci
iVozidl 8§
I Chodci
I BicykKilisti

APl ohy

iDetekcia a predi ki _

4

ATradi | n® algoritmy nemusia fungovaS$S p

18



s;uuwhdﬁﬂﬂ‘

e et s L= 7 ‘h

Kl

. 4 . T 1 0
H-dhﬁén-Mhdlﬂ—
e IS z -

Detekcia

19

a

pre Al

e et s L= 7 ‘h

s;uuwhdﬁﬂﬂ‘

&

g%_
£ THUMUSOFT

Regresia

S®mant
segment



Pedestrian N2 .
. Unknown X x%VehICIe
KI asi f @) % - .
radal‘u BI;;c(hst
837
Static

&

&
£ HUMUSOFT’

pre Al

Detekcie
lidaru

20

.
UK
A B N Predikcia cesty
(Regresia)
SEmant i
segment
lidaru

Trucks

B Background



HUMUSOFT"

g

e

L,

s

£

4,

725
%9
AA

W

o/
W
YKL
,0 <@,
EVFAN
N

(O
\
o

(U

(O

Tr®novanie
Al modelu

Za\

X
N
“
p

(O

~

Pracovnl

¥ |
8 ) i
| -
. \ s |
\ d
o
3 ‘,"
O3
i 0 O -1
Kl
| - —
i it ) '. Y .
' 3 .
” Y%
i

D8t a

2 e e

21



22

Popisd 8§t

Al nterakt2vny

Rectangular ROI

Polygon ROI

Polyline ROI

Pixel ROl (s ® ma rsd¢gment.)
Cuboid (lidar)

AVstavan® a vl

AVi zuali z8ci e

A Export popiskov

a

&

£ THUMUSOFT

p 0 Aunad Turuth Labeler App

Label Sublabel

» TailLight

0000000

(]| (o] o] | o] %

Ground Truth Labeler
Automated Driving Toolbox™



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

.
NSvr h

‘ Classification Learner - Scatter Plot

CLASSIFICATION LEARNER

a

t r ®N oV an

ae St

DECISION TREES

2

Medium Tree Coarse Tree

| €

m O

£ THUMUSOFT

OV

]
P i R L4
Scatter Confusion ROC Curve Parallel Min Classification = Export Plot Generate Export
@ Plot Matrix Coordinates Plot Error Plot to Figure Function Model v
=i PLOTS EXPORT -
All Trees Optimizable
Tree

New Feature PCA  Misclassification
Session ¥ | Selection Costs -
FILE FEATURES OPTIONS
Data Browser Fine Tree
'w History
1 Tree

Last change: Disabled PCA

Linear

DISCRIMINANT ANALYSIS

All

Quadratic

Discriminant Discriminant  Discrimina...

Optimizable
Discriminant

Logistic
Regression

LOGISTIC REGRESSION CLASSIFIERS

NAIVE BAYES CLASSIFIERS

B

Optimizable
Naive Bayes

&3

All SVMs

Gaussian  Kernel Naive  All Naive

Naive Bayes Bayes Bayes
SUPPORT VECTOR MACHINES

Linear SVM  Quadratic Cubic SVM

Optimizable
SVM

Gaussian ... Gaussian.. Gaussian ...

P 4
-

JE B

Fine Medium Coarse

w Current Model

Model 1: Draft ©

Model Type

NEAREST NEIGHBOR CLASSIFIERS

Fine KNN  Medium KNN Coarse KNN Cosine KNN CubicKNN  Weighted

Original data set: d

Plot

@® Data

_) Model predictions

Predictors

X: l column_1

Y: ‘ column_2

KNN
Preset: Fine Tree °
Maximum number of splits: 100 °
Split criterion: Gini's diversity index
Surrogate decision splits: Off AllKNNs  Optimizable °
KNN
ol e ENSEMBLE CLASSIFIERS - : ; ; : :
Hyperparameter options disabled 03 0.4 05 06 07 08
Feature Selection column_1
All features used in the model, before PCA Boosted Bagged Subspace Subspace  RUSBoosted All
Trees Trees Discriminant KNN Trees Ensembles

23 Data set: d

Observations: 5000 Size: 3! AR

How to investigate features

Validati

5-fold Cross-\

St



24

NSvr h

a

&

£ THUMUSOFT

t k ®mwolamlerelirecmovIi ch s

X

4\ Deep Network Designer
DESIGNER

CD:I L%EJ & o E & Zoom In

g8 B v

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 v PROPERTIES
i | fullyConnectedLayer (2
relu7
E imagelnputLayer reluLayer Name ’ ic8
- InputSize 4096
Vol image3dinputLayer
OutputSize
sequencelnputLayer b 4 Weights [1000x4096 single]
drop7 Bias [1000x1 single]
~ roilnputLayer dropoutlLaver
4 P Y WeightLeamRateFactor l 1 ‘
CONVOLUTION AND FULLY CONNECTED WeightL2Factor l 1 ‘
i ﬁ | convolution2dLayer BiasLeamRateFactor l 2 ‘
' i ‘ BiasL2Factor [0 |
| convolution3dLayer : fc8
29| fullyConnbcted WeightsInitializer
' groupedConvolution2dLayer Biaslnitializer
‘ E transposedConv2dLayer
‘ transposedConv3dLayer prob
softmaxLayer
g fullyConnectedLayer
SEQUENCE
¥ OVERVIEW
n IstmLayer h, 4 -
qﬂ output =
n bilstmLayer B classificationLa... =
n gruLayer -
! sequenceFoldingLayer E
- sequenceUnfoldingLayer E
[ [ x =
4 »l




25

HOadani e na

AHOadani e
IZoznam hodn?t!t
| Bayesian optimization

A Porovnanie
ITArchit ekt Vr
i D8t ovIch

AVI astnsg
vyhodnocovania modelov

AVi zual i
I Gr af

I Confusion matrix

setov

Z 8C I

tr®novani &

e

metr i k

f%é%lUMUSOFT“
]l epgil eho model u

[ NoN Experiment Manager

D ar a M

3 Open >
= B o EH M| ¥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
e ~ Result Details
E] Results Experiment Name Experiment? (view snapshot)
[ Result4 Experiment Description My second experiment
E Result3
[ Result2 Start Time 1119/2019, 6:40:38 PM
[ Resuit Status of al trals N (i)
~ /& Experiment2 Legend Queued (0) [l Running (0) ll Complete (3) [l Stopped (2) [l Error (0) [l Canceled (10)
| £ Resulti2 |
EH Result11
[ Resultio |
E Resultd Trial Status Progress Training Accu... Training Loss Validation Ac... Validation L Status
E Results Complete I 100% 92.1875 0.5851 85.6000 ¥ Progress
[ Resuntr 2 Complete I 100% 98.4375 0.2733 97.2000 [] Elapsed Tane
[ Results E] Swpped  p EIEEEN 15% 62.5000 1.4247 P
[E Results 4 Complete I 100% 95.2188 0.1247 95.2000
| EH Resultd 5 Stopped > I % 16.4063 2.7369 7.2000 | L1 meyslomertern
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
B »
E N Mﬂm [ 1 T A pemced
g ole= 1 1 10 , 1 20 ,
0 10 20 30 40 50 60 70 80 %0 100
lteration
W 2 hﬁ—wﬂm ——
§ a 1 1 TE | LI 10_ 1 I | B | — — m_I
0 10 20 30 40 50 60 70 80 90 100
lteration
(14 | ¥




i

£ HUMUSOFT

Natr ®no
Al model

L rrrrrrrr Tr ®novahi e
Popisok
Manu8l ne
overenie
N§vr h

popiskov

26



P
B 4

£ HUMUSOFT

Generovanli e obr8zkov r1zneho

Detaily tr®novan

A 370o0br 8zkov
CAMVID dataset
i Obr §zk:®63d Ra
I Obr 8zky <10/mr aku
A-Na ulenie sa nepoug?2vajly

SYmr ak

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 na s ¥Yamr a k
Link to Example



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

........... P
/‘%//i‘

£ HUMUSOFT

Generovanie pop2sanlich dg§t zo

Tr ®novani e

Natr ®no

Al model

e rrrrrrrrr

Popis

Tr ®Nnov a

Si mul §ciAat o ma tpopesk T

28



e

f{HUMUSOFT

Ng§vrh algoritmov pl 8novani a a8

N¥dzov ® br |zAdaptive @ruise Control | 1 Zaneng pruhu

® e T ° “— = /I ' p
gPhand alzglcm @ p ar k earkauwskoe Reinforcement Learning

RN NFRRRC

5 I O O O
——————— - il ' 05 | 06 08
* ; - . | g "
| > == B "
10 1 3
| | m (0] [ |
| 0 10 20 30 40 50 60 70 |
\ X - -

Last o vyug?2 vAaun®ated BrizingrTaojbax, Model Predictive Control Toolbox, Stateflow,
Navigation Toolbox, Reinforcement Learning, Robotics System Toolbox

29



P
B 7

£ HUMUSOFT

N8vrh plSnovaniaar i adeni a zmeny |J azdn

[Highway Lane Change Test Bench |} — i ‘ —
il
I
A Generovanieoptim8 | nejaj ekt - r iFgenat pri estor e
Al mpl ement 8cia man®vra v z8vislosti na okol 2

A Kontrolak ol i zi 2

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

31

Parkovanie vozidla

1

n

Search

States Confraols|

|Auto Parking Valet usinﬂ MPC and RL'

Copyright 2019-2020 The MathWorks Inc.

MPC Tracking Controller

Park

Pose

TargetPose 1. |
Vehicle Mode Target N1

Pose Lidar

Speed (m/s)

by

merge —|

#{ Steering (rad)

CurrentPose  Actions

Lidar
RL Controller

Ego Vehicle Model

\Vehicle Pose +

Pose

-

Steer

Lidar Sensor

| Lidar

Parking Lot Simulator

A Hybridnl

\

\

A Model Predictive Control 7 s |
A Reinforcement Learningi par k omearc®v e r

regul 8t or
edova

Train PPO Agent for Automatic Parking Valet

Automatic Parking Valet with Unreal Engine Simulation

na

ni

sl edov
e refer

&
£ THUMUSOFT

4 Reinforcement Leaming Episode Manager

riTD3Agent (]

Episode Reward

150

100 |

50|

-50

0 200

) Episode reward for rlAutoParkingValet3D wi, @ @\ @\ ﬁ,}

G600 200 1000 1200
Episode Number

400

Reinforcement Learning Toolbox™, Model Predictive Control Toolbox™

Training Progress
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Duration: 02:33:17
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Episode Q0:

Average reward:  120.7051 |

89.9743

More Details...

4l

) a


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

. P

£ THUMUSOFT

Algortimys | edovani a a f Yzi1 e

WWWWW

\ &/ A&/

\

po

,<,,_ :
.m f
mﬁ

Last o vyug? vAauto®ated BrivingTaojbax, Tracking and Fusion Toolbox, Radar Toolbox

32



S|

Detections

Odometry

edovani e

Detect &
Classify

Track
Extended
Objects

V O Z

Tracks ]

Classification metrics

Highway Vehicle Tracking with Multipath Radar Reflections

Tracker metrics

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

33

d |

e |

Vv

&

£ THUMUSOFT

pr 2t omn

33


https://www.mathworks.com/help/driving/ug/multipath-radar-detection-and-tracking.html
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https://www.mathworks.com/help/fusion/ug/grid-based-tracking-in-urban-environments-using-multiple-lidars.html
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https://www.mathworks.com/help/lidar/ug/object-detection-using-pointpillars-network.html
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