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Evolution of ADAS and Autonomous Driving Car Technologies

Conditional

Reference examples using Automated Driving Toolbox™
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Some common questions from automated driving engineers
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Some common questions from automated driving engineers
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Graphically author driving scenarios

Driving Scenario Designer
= Create roads and lane markings
= Add actors and trajectories

= Specify actor size and radar
cross-section (RCS)

= Explore pre-built scenarios
= Import OpenDRIVE roads

Automated Driving Toolbox™

R2018a

4\ Driving Scenario Designer - PFACC_05_Curve_CutinOut.mat - Scenario Canvas

DESIGNER R s el 'Ng'

2 OH d @ | & e d W B @ [T ¢
™ Repeat
New Open Save  Add Add Add Add Goto Step Pause Step Default  Export
v - v Road Actor v Camera Radar Start Back Forward Layout v
FILE SCENARIO SENSORS SIMULATE VEW  EXPORT = =
| Roads | Actors ‘r Scenario Canvas 1» | Ego Centric View
Road: 1 v
Name:
Width (m): u.7
Bank Angle (deg): ° 185t
YL
anes 180 -
Number of lanes: (2 2]
Lane Width (m): |36 175
» Marking 1-Solid 170
¥ Road Centers L £ 165
~ .ﬂ
| x(m) y (m) z (m) X 160 | o
1 0 500 = -
2 8782 4987820 155 | \\\\\
: 150 |
4
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= -500
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https://www.mathworks.com/help/driving/ref/drivingscenariodesigner-app.html

Integrate driving scenarios into Simulink simulations

Test Open-Loop ADAS

Algorithm Using Driving

Scenario

Edit driving scenario
Integrate into Simulink
Add sensor models
Visualize results

Pace simulation

Automated Driving Toolbox™

R2019a

4\ Driving Scenario Designer - AEB_PedestrianChild_Nearside_50width_overru...

DESIGNER

4\ MathWorks

g::'lzsr:a.lum Detections
[Sensor Index: 1]

—
w JEd He =
New Open Save Add  Add Add Add ™™ Default  Export
- - - Road Actor+ Camera Radar Layout -
e | soum | osow LT ven | ecow
J Roads Actors | || Scenario Canvas | Ego-Centric View
Road: 1:Road ~
e— 00
Mame: Road
30
Width (m): 10
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< -
» Lanes I / '\
¥ Road Centers 97 2t
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LefiTurmnScenario
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Boundaries

Detection

Scenario Reader

Generalor
[Sensor Index: 2]

L

Object
Detections

Lane
Detections
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https://www.mathworks.com/help/driving/ug/test-open-loop-adas-algorithm-using-driving-scenario.html

Simulate driving scenarios into closed loop simulations

4\ MathWorks

. . P4 AEBTestBenchExample * - Simulink O X
Automatic Emergency Braking Y —— ~ o «x -
- - BIRD'S-EYE SCOPE PROPERTIES ? == + l nl-‘ @\v B L l zz :: | m *
(AEB) with Sensor Fusion " Yy
- Specify driving scenario o SR GER T e T -
- Design AEB logic .VZ:";T:ZSZ{ e i N
- Integrate sensor fusion s :
et Radar detections (red) 0 05 10 15 20 25 30 35 40 45 50
- S|mU| ate SyStem e - Multiple per vehicle T
. Generate C/C++ code R 7!
= Test with software in the loop " e v 1
(SIL) SimUIation V\ﬁsiovnv § é L 00 05 1.0 15 20 25 3.0 35 4.0 45 5.0
Automated Driving Toolbox™ ==
Other Applicable Signals - 5
Stateflow® ] |
Embed d ed Cod er® Lateral Distance (m) 0 05 10 15 20 25 30 35 40 45 50

R2018b

Develop and Test Vehicle Controllers for ADAS and
Automated Driving Applications Through System Simulation

15:00-15:30
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https://www.mathworks.com/help/driving/examples/autonomous-emergency-braking-with-sensor-fusion.html

4\ MathWorks

Automate testing against driving scenarios

Testing a Lane Following
Controller with Simulink Test

= Specify driving scenario

Simulink Test™
Automated Driving Toolbox™
Model Predictive Control Toolbox™

R2018I

4\ Test Manager . [m] X

- & Cut s ( 3
SR . | Z FIo L X 0 = B &, impon o Q)
New Open Save a Run [ o Debug Parallel Repot  Visualize Highlight o~ Expon Preferences Help
v - v 7 paste - - v in Mode! v
FILE EDIT RUN RESULTS ENVIRONMENT RESOURCES )
m Results and Artifacts ] |-| ACC_ISO_TargetDiscriminationT... »  [J\ Start Page . 0
— , e Requirements link
Filter tests by name or tags. e g. taqs: test ESCR N
» [=1 LaneFollowingTestScenarios + REQUIREMENTS y
(c S -
e scenariold #1: ACC_ISO_TargetDiscriminationTest (LaneFollowingTestRequirements#1)
=| ACC_ISO_TargetDiscriminationTest N\
£| ACC_ISO_AutoRetargetTest
. ~ v SYSTEM UNDER TEST - -
<] ACC_ISO_CurveTest Simulink Model
=| ACC_StopnGo =
= Model: | LaneFollowingTestBenchExample y
£| LFACC_DoubleCurve_DecelTarget
5| LFACC_DoubleCurve_AutoRetarget » TEST HARNESS
£| LFACC_DoubleCurve_StopnGo » SIMULATION SETTINGS OVERRIDES
| LFACC_Curve_CutinOut
= ETEF E ES
£| LFACC_Curve_CutinOut_TooClose . ’
\. J » CALLBACKS
Scenarios +PRE Low
- P
» Runs after the model loads and the model PostLoadFcn callback
| scenariold = 1; .
i —— Define scenario ID
L and data initialization
Name |5] ACC_ISO_TargetDiscn
Type Simulation Test
Model LaneFollowingTestBenchEx
Simulation Mode Normal
Location C:\02_ADST\2018b\Demos
Enabled v
Hierarchy LaneFollowingTestScenario v CLEANUF l/ PIOt the reSU|tS
Tags » Runs after simulations and all model callback

1 plotLFResults(sltest_simout.logsout);
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https://www.mathworks.com/help/sltest/examples/testing-a-lane-following-controller.html

Synthesize driving scenarios from recorded data

Scenario Generation from
Recorded Vehicle Data

= Visualize video

= Import OpenDRIVE roads
= |Import GPS

= Import object lists

Automated Driving Toolbox™

2019

4\ MathWorks

4\ MATLAB R2019a

LIVE EDITOR INSERT

P EHgagE O C» work » userpath » Examples » R2019a » driving » PlaybackScenarioExample .

[ L e = B Live Editor - PlaybackScenarioExample.mb * & X

_J PlaybackScenarioExample.mlx * ¢
o) ~
'Summary =
This example shows how to automatically generate ]

a virtual driving scenario from vehicle data
recorded using the GPS and lidar sensors.

Helper Functions
helperGetEgoData

This function reads the ego vehicle data from a text
file and converts into a structure.

108 function [egoData] = helperGetEgoData(egoFil

109 %Read the ego vehicle data from text file

110 fileID = fopen(egoFile);

111 content = textscan(fileID, '%f %f %f');

112 fields = {'lat’,'lon’, 'Time'};

113 egoData = cell2struct(content,fields,2);

114 fclose(filelID);

115 end .
helperGetNonEgoData

This function reads the processed lidar data from a
text file and converts into a structure. The

AR At O T PEYRRK. ot VENPREL (- CP B e IR ey R 17 ( 0

4 »

Command Window ®

v -

< >

II1-| Busy

Y (m)

M

(0

111\\\\\\\\\\

270

280

290

script
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https://www.mathworks.com/help/driving/examples/scenario-generation-from-recorded-vehicle-data.html

How can | design with virtual scenarios?

Scenes Driving Scenarios (cuboid)

? e

Testing Controls
Controls + sensor fusion

Authoring Driving Scenario Designer App
drivingScenario programmatic API

Sensing Probabilistic radar detections
Probabilistic vision detections
Probabilistic lane detections

&\ MathWorks'

15



How can | design with virtual scenarios?

Scenes Driving Scenarios (cuboid)

D
|
i

Testing Controls
Controls + sensor fusion

Authoring Driving Scenario Designer App
drivingScenario programmatic API

Sensing Probabilistic radar detections
Probabilistic vision detections
Probabilistic lane detections

Unreal Engine

Controls
Controls + vision

Unreal Editor

Ideal camera (viewer)

&\ MathWorks
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Simulate controls and perception systems
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Lane Following Control with
Sensor Fusion

Model Predictive Control Toolbox™
Automated Driving Toolbox™
Embedded Coder®

R2018b

‘I' helperMonoSensor.m \ + |

40
41 classdef helperMonoSensor < handle
42
43
44
45 —
4e
47
48 —
45
50
51 -

Visual Perception Using

Monocular Camera
Automated Driving Toolbox™

R201/a

Lane-Following Control with
Monocular Camera Perception

Model Predictive Control Toolbox™
Automated Driving Toolbox™
Vehicle Dynamics Blockset™

4\ MathWorks
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https://www.mathworks.com/help/mpc/ug/lane-following-control-with-sensor-fusion-and-lane-detection.html
https://www.mathworks.com/help/driving/examples/visual-perception-using-monocular-camera.html
https://www.mathworks.com/help/mpc/ug/lane-following-control-with-monocular-camera-perception.html

Simulate lane controls with vision based perception

Lane-Following Control with
Monocular Camera Perception
= Integrate Simulink controller
— Lane follower
— Spacing control
= Integrate MATLAB perception
— Lane boundary detector
— Vehicle detector

= Synthesize ideal camera image
from Unreal Engine

Model Predictive Control Toolbox™
Automated Driving Toolbox™
Vehicle Dynamics Blockset™

R2018b

« @0 B @ f‘g

=

4\ MathWorks
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https://www.mathworks.com/help/mpc/ug/lane-following-control-with-monocular-camera-perception.html

Some common questions from automated driving engineers

How can |
discover and design
In multiple domains?

4\ MathWorks
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Interactively label sensor data

Get Started with the Ground

4\ MathWorks

Truth Labeler

= Label rectangles

= Label lane markings
= Label pixels

= Label scenes

= Create label groups
= Create sublabels

= Add label attributes

Automated Driving Toolbox™

Updated 2019

inition

4\ Ground Truth Labeler - mylabelingSession

Label

« Vehicle

» Sedan

» BrakeLight

» Truck

» BrakeLight

» SportUtilityVehicle

» BrakeLight

» Unknown

» TrafficSign

» Road

U Scene Label Definition ]

05_highway_lanechange 25s.mpd |

Labels are associated with a group '

- .

= I

] [ o1 o] o

00.00000 00.00000 25.00000 25.00000 Zoom In Time Intery

Start Time Current End Time Max Time

| Attributes and Sublabels
[l Sedan
Aftributes
PaintColor rEmpty i
Rl I
i =
‘ BrakeLight : 0
Kl [ 3
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https://www.mathworks.com/help/driving/ug/get-started-with-the-ground-truth-labeler.html

Create sublabels and add attributes

Get Started with the Ground
Truth Labeler

= Label rectangles

= Label lane markings
= Label pixels

= Label scenes

= Create label groups
= Create sublabels

= Add label attributes

Automated Driving Toolbox™

Updated R2019a

4\ MathWorks

4\ Ground Truth Labeler - mylabelingSession

Label

w Vehicle

» Sedan

» BrakeLight

» Truck

» BrakeLight

» SportUtilityVehicle

» BrakeLight

» Unknown

» TrafficSign

» Road

U Scene Label Definition l

00.00000 | 00.00000| 2500000 2500000 @ i@ @ [E[ @ Zoom In Time Intery
StartTime  Current End Time Max Time cr— ‘

L //\

Sedan
[ BrakeLight

— Attributes

1sOn Empty D
Empty

True

Add attribute

Attributes and Sublabels

e to sublabel F

21


https://www.mathworks.com/help/driving/ug/get-started-with-the-ground-truth-labeler.html
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Create polyline labels and add attributes

Get Started with the Ground

Truth Labeler

= Label rectangles

= Label lane markings
= Label pixels

= Label scenes

= Create label groups
= Create sublabels

= Add label attributes

Automated Driving Toolbox™

Updated 2019

4\ Ground Truth Labeler - myLabelingSession

[ Defini Attributes and Sublabels

B 1% (|2 ]

Label Sublabel e i LaneMarking

» Vehicle | 2 Attributes

b TrafficSign

e LaneType Empty v
Empty

» Asphalt D | B LaneColor Uniarked

» LaneMarking w
DoubleSolid
Dashed
DoubleDashed

1 No sublal 2
Add polyline label attributes to
{ label
. :
: ! 00.00000 00.00000 25.00000 25.00000 HE‘ [ ‘E\ E ‘@‘ Zoom In Time Infery
U Scene Label Definition 1 iStarﬂ'me Current End Time Max Time ‘ 4| |—’ ‘
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https://www.mathworks.com/help/driving/ug/get-started-with-the-ground-truth-labeler.html
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Create pixel labels

4\ Ground Truth Labeler - mylabelingSession

Get Started with the Ground
Truth Labeler

- Label rectangles I — . [ p—— |
= Label lane markings i | 1 Aspran

= Label pixels =

- Label scenes B 1

» LaneMarking

= Create label groups
= Create sublabels
= Add label attributes

| [

Pixel labels cannot contain sublabels.

Label pixels ‘I/f | :
Automated Driving Toolbox™ " r

00.00000,  00.00000  |25.00000  25.00000 (| || o] Dot} D) Zoom In Time Intery
Updated R2019x . SN E——
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https://www.mathworks.com/help/driving/ug/get-started-with-the-ground-truth-labeler.html
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Import custom automation algorithms

Automate Attributes of Labeled

TOTEES T ootings  Run  Stop UndoRun  Accept Cancel
_ —
ObleCtS | | 05 highway lanechange 25s.mp4 | || Attributes and Sublabels | Vehicle Detectio

= Import automation algorithm into

Il Vehicle
Ground Truth Labeling app Atriutes
= Detect vehicles from monocular Distance 538878
camera "
= Estimate distance to detected " Review |
hicl proposed
venicles  attributes

= Run automation algorithm and
interactively validate labels

Sublabels
No sublabels are defined for "Vehicle'.

Automated Driving Toolbox™

R2018b

25


https://www.mathworks.com/help/driving/examples/automate-ground-truth-labeling-for-semantic-segmentation.html

4\ MathWorks

Add custom visualizations for multi-sensor data

Connect Lidar Display to
Ground Truth Labeler

= Sync external tool to each frame
change

= Control external tool through
playback controls

Automated Driving Toolbox™

201/

4. Figure 1: Point Cloud Player = ] X
LABEL h—]‘ P 3 e [; = N @ @ @] File Edit View Inset Tools Desktop Window Help N
= & Algorithm: o551 Sgde |20 E
o8 & [E8 s = LR R LA
Load Save import |Label « S S Bl Labets Automate  View Label  Export
v v labelswv | 7 [ Show Scene Labels ()

Summary Labels v
AUTOMATE LABELING | SUMMARY EXPORT

FILE | wope | VIEW

M

| ROI Label Definitior | | 01_city_c2s_fcw_10s.mp4

Analyze data with
synchronized
external tool

00.00000 07.38921 10.20000 10.20000
Start Time Current End Time Max Time

(1]} |[1a]] | o]} | ]| o]
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Design camera, lidar, and radar perception algorithms

Detect vehicle with Detect ground with Detect pedestrian with
camera lidar radar

Object Detection Using Segment Ground Points Introduction to Micro-Doppler
YOLO v2 Deep Learning from Organized Lidar Data Effects
Computer Vision Toolbox™ Computer Vision Toolbox™ Phased Array System Toolbox™

Deep Learning Toolbox™

2019 R2018b 2019

Deep Learning and Reinforcement Learning Workflows in Al | LIDAR Processing for Automated Driving
16:15-16:45 12:45-13:15

27



https://www.mathworks.com/help/vision/ug/train-an-object-detector-using-you-only-look-once.html
https://www.mathworks.com/help/vision/ref/segmentgroundfromlidardata.html
https://www.mathworks.com/help/mpc/ug/lane-following-control-with-sensor-fusion-and-lane-detection.html

Design multi-object trackers

Multi-Object Tracker

Association &
Detections Track

Management

Tracking
Filter

From various sensors at
various update rates

» Global Nearest Neighbor (GNN) tracker = Linear, extended, and

= Joint Probabilistic Data Association (JPDA) tracker unscented Kalman filters
» Track-Oriented Multi-Hypothesis Tracker (TOMHT) = Particle, Gaussian-sum,
» Probability Hypothesis Density (PHD) tracker IMM filters

Sensor Fusion and Tracking Toolbox™
Automated Driving Toolbox™

4\ MathWorks
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Design multi-object trackers

Multi-Object Tracker

Extended Object Tracking I “ "
. . . A vision @ radar lane track o (history, | A vision @ radar [ lane track o (history |
- Design multi-object tracker - S e - .
- Design extended object trackers : —_. S 4 | b
= Evaluate tracking metrics | ~
. adar [ ane [0 track 0 (history)] @ l
- Evaluate error metrics o time=15sec
- Evaluate desktop execution time | | =l | :
Efor ' False track due to | I
20} * . i imperfect clustering
Sensor Fusion and | \[ CL
Tracking Toolbox™ ol | | B |
Automated Driving Toolbox™ . = _ @
Updated 20]9 50 J ” B 1 5 0 5 10 15 »5 1 5 o 5 -0 -15
40 20 . ?m) 20 40 Y (m) Y (m)
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https://www.mathworks.com/help/fusion/examples/extended-object-tracking.html

&\ MathWorks

Design extended object trackers

Extended-Object Tracker

Extended Object Tracking
. . . - A vision @ radar [ lane [ track (history) | A vision ® radar [lane [ track (history)|
= Design multi-object tracker / .\
- Design extended object trackers | . ' g
- Evaluate tracking metrics N | |
= Evaluate error metrics e LD
= Evaluate desktop execution time y 4 , i \
E @ E of I
Sensor Fusion and . | | - |
Tracking Toolbox™ ’ Wl
Automated Driving Toolbox™ . | | .
Updated 20]9 -5040 o Y(am) - o 15 10 5 Y?m) 5 -0 15 15 10 5 Y(om) -5 10 15

30


https://www.mathworks.com/help/fusion/examples/extended-object-tracking.html

Evaluate tracking performance

Extended Object Tracking

= Design multi-object tracker

= Design extended object trackers
= Evaluate tracking metrics

= Evaluate error metrics

= Evaluate desktop execution time

Sensor Fusion and
Tracking Toolbox™
Automated Driving Toolbox™

Updated R2019a

I multiObjectTracker
[ trackerPHD
[ ] Prototype

25T

1.5

Number of Tracks

05

Target Tracks False Tracks Redundant Tracks
Track Type

BN \ulti-object tracker

BN Probability Hypothesis Density tracker
Extended object (size and orientation) tracker

4\ MathWorks

31


https://www.mathworks.com/help/fusion/examples/extended-object-tracking.html

4\ MathWorks

Evaluate error metrics

Extended Object Tracking

= Design multi-object tracker T e

- Design extended object trackers : e 14 e

- Evaluate tracking metrics 3’:_ | “l

= Evaluate error metrics 225 - ) U_;_ o

- Evaluate desktop execution time £ : B oo !
| | N _

Sensor Fusion and " II= IID _ ) m I_ I-U

Tracking Toolbox™ ‘ S "' E TrathiD )

Automated Driving Toolbox™

Updated I 2019

B \iulti-object tracker
I Probability Hypothesis Density tracker
Extended object (size and orientation) tracker

32


https://www.mathworks.com/help/fusion/examples/extended-object-tracking.html

Compare relative execution times of object trackers

Extended Object Tracking

= Design multi-object tracker

= Design extended object trackers
= Evaluate tracking performance

= Evaluate error metrics

= Evaluate desktop execution time

Sensor Fusion and
Tracking Toolbox™
Automated Driving Toolbox™

Updated 2019

[f racker

50

multiObjectTracker
trackerPHD

Prototype

=N
(&)
T

Lonutti OhjeetTracker
- NN W W A
O o o S & o
L} L}

-t
o
T

(&)}

0 20 40 60 80 100 120
Time step (k)

0

B \iulti-object tracker
I Probability Hypothesis Density tracker
Extended object (size and orientation) tracker

4\ MathWorks
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https://www.mathworks.com/help/fusion/examples/extended-object-tracking.html

&\ MathWorks'

Design tracker for lidar point cloud data

4\ MATLAB R2019a

Track Vehicles Using Lidar:

From Point Cloud to Track List

- Design 3-D bounding box e o
detector ) s e D LN

= Design JPDA tracker (target
state and measurement models)

= Generate C/C++ code for
detector and tracker

» C: » work » userpath » Examples » R2019a » driving_fusion_vision » TrackVehiclesUsingLidarExample »

Ego Vehicle Display

Visuaze
) ) detections and
Sensor Fusion and Tracking tracks

Toolbox™

Computer Vision Toolbox™

2019

LiDAR Processing for Automated Driving
12:45-13:15

35



https://www.mathworks.com/help/vision/ug/track-vehicles-using-lidar.html

Some common questions from automated driving engineers

How can |
discover and design
In multiple domains?

4\ MathWorks
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Visualize HERE HD Live Map recorded data

4\ MathWorks

4\ MATLAB R2019a

Use HERE HD Live Map Data

PLOTS APPS

: : : (Grearies |Gy | mel EFI-| pg
to Verify Lane Configurations 2 Alaalami L
= ne 7 ___ED _|BREAKPOINT:
= Load Camera and G PS data L=l it | Eyﬁ I %Igovk » userpath » Examples » R2019a » driving » UseHEREHDLiveMapDataToVerifylaneConfigurationsExa
FurrentFolder WDerace ’ E Figures-HEBEHD Live Map ExanIe
- R etrl eve Speed Ilmlt E 13 :seHEREHDLNeMapDataToVTenny] - | HEREHD Live Map Example
. . . 287 %% Visu
= Retrieve lane configurations 288 % Them
. . . 289 $ lane |
= Visualize composite data 200 % coord
291 $ link .
292 % confidi=
293 %
Automated Driving Toolbox™ 2
296 % Helpe
20] 9 297 $ a rec
! ' 298 $ HD Li
200 — hdlmUT :
300
301 $ Synch
302 = synchro:
03 videoRe v

>

<
"“‘1 BUSy

=ik
Lane Group

20 m
50 ft

Esfi, HERE, Garmin USGS, Intermap, MET],
INCREMENT P, NRCAN, Mapmylndia,

Esfi (Japan, China (Hong Kong),

Thailand),

©O0penStreethap, GIS User Comm.

i Timestamp

22:11:25

i Speed Limit

35

Lane Types and Boundaries —

o

1|

[Ln 287 Col 1
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https://www.mathworks.com/help/driving/examples/use-here-hd-live-map-data-to-verify-lane-configurations.html

Design path planner

Automated Parking Valet
= Create cost map of environment

= Inflate cost map for collision
checking

= Specify goal poses
= Plan path using rapidly exploring
random tree (RRT?)

Automated Driving Toolbox™

R2018¢

4\ MATLAB R2019a

‘P HQ A

FIGURE

Current Folder

[ ParkingValetExample.m ”-Il +]

721
722
123
224
A5 =
726
727
T2 o
29| =
730
731 — %
7
733
734
735
736
737
738
739
740
7 =

I <

1 Workspace |@ Editor - ParkingValetExamplem & X
sl
$ Get current pose and velocity of t
currentPose = getVehiclePose (vehicl
currentvel = getvVehicleVelocity (ve

-end
% Show vehicle simulation figure
closeFigures;

showFigure (vehicleSim) ;

keyboard % Pause in debugger

%%

$ An alternative way to park the vehicle
$ spot. When the vehicle needs to back t
% needs to use the Reeds-Shepp connectic
% path. The Reeds-Shepp connection allow
$ planning.

% Specify a parking pose corresponding t
parkPose = [49 47 -90]1;

“"~| Waiting for input

» C: » work » userpath » Examples » R2019a » driving » ParkingValetExample

Search Documentation pe)

il B3 Figures - Automated Valet Parking
g ‘ Automated Valet Parking ¢

4\ MathWorks

|| | ]| | |Y I |Y| |Y| | I
10 20 30 40 50 60

X

70

Command Window

Jx k>>

<>
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https://www.mathworks.com/help/driving/examples/automated-parking-valet.html

Design path planner and controller

Automated Parking Valet with
Simulink
= Integrate path planner

= Design lateral controller (based
on vehicle kinematics)

= Design longitudinal controller
(PID)

= Simulate closed loop with
vehicle dynamics

Automated Driving Toolbox™

2018k

4\ MathWorks

'i AutomatedParkingValet * - Simulink

File Edit View Display Diagram Simulation

Analysis

E Automated Parking Valet

File Edit View

Insert  Tools Deskiop Window Help

Nede|@/0&8| & E

- -—le['iEiJ @« 5 f @E -@lv%v;d
AutomatedParkingValet
@ |[*aAutomatedPariingValet b
=
-
Beharvior
Planner
mmmmm
SpeedC:
Help
Gaal
uuuuu

10

20

40

30 50 60 70
X

v @8

i l“"‘"E

]

i *
-
e~
Ratvl
|y frassianiesmaman
d Sart
I_' gl Vaticsaina
AccaiCd

Copyright 20172018 The MathiWarks, Inc.

Visualzason

Ready

T6%

auto{ode45)
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https://www.mathworks.com/help/driving/examples/automated-parking-valet-in-simulink.html

Generate C/C++ code for path planner and controller

Code Generation for Path
Planning and Vehicle Control

= Simulate system

= Configure for code generation

- Generate C/C++ code

= Test using Software-In-the-Loop

=  Measure execution time of
generated code

Automated Driving Toolbox™
Embedded Coder

2019

4\ MathWorks
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// model step function
void stepo();

// model step function
void stepl();

// model terminate function
void terminate();

// Constructor
AutomatedParkingValetModelClass();

// Destructor
~AutomatedParkingValetModelClass();

// Root inport: '<Root>/Costmap’ set method
void setCostmap(costmapBus localArgInput);

// Root inport: '<Root>/GoalPose’' set method
void setGoalPose(real T localArgInput[3]);
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Some common questions from automated driving engineers

How can |
discover and design
In multiple domains?

4\ MathWorks
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Design lateral and longitudinal Model Predictive Controllers

Longitudinal Control Lateral Control Longitudinal + Lateral

Adaptive Cruise Control Lane Keeping Assist with Lane Following Control with
with Sensor Fusion Lane Detection Sensor Fusion and Lane
Automated Driving Toolbox™ Automated Driving Toolbox™ Detection

Model Predictive Control Model Predictive Control Automated Driving Toolbox™
Toolbox™ Toolbox™ Model Predictive Control Toolbox™

Embedded Coder® 7?120]7 Embedded Coder® E@QO]&?‘J Embedded Coder® MZO]BP“‘;

Develop and Test Vehicle Controllers for ADAS and
Automated Driving Applications Through System Simulation

15:00-15:30
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https://www.mathworks.com/help/mpc/ug/adaptive-cruise-control-with-sensor-fusion.html
https://www.mathworks.com/help/mpc/ug/lane-keeping-assist-with-lane-detection.html
https://www.mathworks.com/help/mpc/ug/lane-following-control-with-sensor-fusion-and-lane-detection.html

Train reinforcement learning networks for ADAS controllers

Train Deep Deterministic Policy

Gradient (DDPG) Agent for

Adaptive Cruise Control 0

- Create environment interface [ &
= Create agent
= Train agent - ]I[
= Simulate trained agent E |
-3-2000-
A
. . -2500 i:l
Reinforcement Learning Toolbox™ i

2019

-3500 H

-4000
0

—=— EpisodeReward
—*— AverageReward
— * — EpisodeQ0

G

4\ Reinforcement Learning Episocde Manager

Episode Reward for IACCMdI with rIDDPGAgent

Episcde Information
Episode Number 139

Episode Reward -T8.7726

Episode Steps 600
Episode Q0 -39.4411
Total Number of Steps 111086

Average Results

Average Reward -252 5519
Average Steps 600
Window Length for Averaging 5

Training Options
Hardware Resources for Actor and Critic CPU CPU

Do

2o

= o nooa

Training Progress ( 07-Jan-2019 12:19:41)

ooons
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40
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Deep Learning and Reinforcement Learning Workflows in Al
16:15—-16:45
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4\ MathWorks
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4\ MathWorks

Some common questions from automated driving engineers

Simulation Integration

ROS CAN
ezl Vo

Cross Third
Release Party

How can |
Integrate
with other environments?
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Integrate with ROS

Replay logged

ROS data

102 Time Series Plot:/odom Properties
1 T T T T T T T T
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Work with rosbag Lodfiles
Robotic System Toolbox™

Connect to live

4\ MathWorks

Generate standalone

ROS data

ROS Node
&
ROS Node .
it :
‘ ' ROS Node

Exchange Data with ROS
Publishers and Subscribers

Robotic System Toolbox™

ROS node

pu
@ Configuration Parameters: RobotController/Configuration (Active)

* Commonl| ly Used Parameters

= All Parameters |

Select:
Solver
Data Import/Export

Generat

I
plementation 0 Device details

Hardware bcard:llRDbat Operating System (ROS) - ]l 9
Code Generation system target file: ert.tlc

Device vendor: [Genenc v] Device type:

Hardware board settings
Operating system options

Base rate task priority: 40

Target Hardware Resources

e a Standalone ROS

Node from Simulink

Robotic System Toolbox™
Simulink Coder™
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https://www.mathworks.com/help/robotics/examples/exchange-data-with-ros-publishers.html
https://www.mathworks.com/help/robotics/examples/work-with-rosbag-logfiles.html
https://www.mathworks.com/help/robotics/examples/generate-a-standalone-ros-node-in-simulink.html

Call C++, Python, and OpenCV from MATLAB

Call C++

Iliti: |III#§I

Import C++ Library
Functionality into MATLAB

MATLAB®

R2019a

Call Python

tw = ...
Py . textwrap.TextWrapper (...
pyargs (...
'initial indent', 'S, ...
'subsequent indent','% ', ...

'width', 1int32(30)))

Call Python from MATLAB
MATLAB®

R2014a

4\ MathWorks

Call OpenCV &
OpenCV GPU

cv: :Rect

cv::KgyP01nt N
cv::S1ize
cv: :Mat

cv::Ptr

Install and Use Computer Vision

Toolbox OpenCV Interface

Computer Vision System Toolbox™
OpenCV Interface Support Package

Updated R2018b
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https://www.mathworks.com/help/vision/ug/opencv-interface.html
https://www.mathworks.com/help/matlab/matlab_external/what-you-need-to-import-cpp-library-functions-into-matlab.html
https://www.mathworks.com/help/matlab/matlab_external/call-python-from-matlab.html

4\ MathWorks

Call C code from Simulink

Create buses from C
structs

Call C code Test and verify C code

typedef struct {
double coeff;
double init;

—P CoastSetSwIN CoastSetSwOUT

fault_T fault: RejectDoublePress
)src mean_filter dst> } params_T; —P{ AccelResSwIN  AccelResSwOUT -
' C Function Caller
C Caller v [ Base Workspace _l\'laaenf:ce (if:glype v AGGREGATED COVERAGE RESULTS
N -TEZ:;—T —init double ANALYZED MODEL DECISION CONDITION MCDC
L —fault  Enum: fault_T 7 R = = =
—init | 72l Retectboublepress.c 1007 1007 100%mm—-
—fault
Bring Custom Image Filter Import Structure and Custom C Code Verification
Algorithms as Reusable Enumerated Types with Simulink Test
Blocks in Simulink Simulink® Simulink Test™
Simulink® Simulink Coverage™

R2017b R2017a 2019
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https://www.mathworks.com/help/simulink/slref/simulink.importexternalctypes.html
https://www.mathworks.com/help/simulink/slref/bring-custom-image-filter-algorithms-as-reusable-blocks-in-simulink.html
https://www.mathworks.com/help/sltest/examples/custom-c-code-verification-with-simulink-test.html

Cross-release simulation through code generation

Previous Release

Integrate Generated Code by

Using Cross-Release Workflow on———)

Generate code from previous =)
release (R2010a or later)

§
At

Import generated code as a —

block in current release
Tune parameters
Access internal signals

Current Release
Embedded Coder

4\ MathWorks

crossReleaseImport

R2016a
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https://www.mathworks.com/help/ecoder/examples/integrate-generated-code-using-cross-release-wWorkflow-ed7ac5629629.html

Connect to third party tools

4\ MathWorks

152 Interfaces to 3 Party

Modeling and Simulation Tools
(as of March 2019)

T e 0 )

MathWorks

W

Pariner
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Some common questions from automated driving engineers

/—

Perception Simulation Integration

Planning

Cross Third
Release Party

Synthesize scenarios Discover and design Integrate
to test my designs in multiple domains with other environments

Control
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MathWorks can help you customize MATLAB and Simulink for your
automated driving application

.l
-
- _ '.
3
b -
¢
"
Voyage develops MPC Autoliv labels ground Ford synthesizes lidar data
controller and integrates truth lidar data to test autonomous driving
with ROS > 4x reduction in labeling effort & active safety systems
Developed & deployed in 3 months * Jointpaper in SAE (2018- 91 0043) . Joint paper with Ford
2018 MathWorks Automotive - 2018 MathWorks Automotive . SAE Paper 2017-01-0107

Conference Conference
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https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/solutions/robotics/Voyage.pdf
https://www.mathworks.com/videos/automated-lidar-point-cloud-annotation-for-sensor-verification-1527491006097.html

4@\ MathWorks:

Automated Driving with MATLAB

This one-day course provides hands-on experience with developing and verifying

automated driving perception algorithms

Topics include:

Labeling of ground truth data

Visualizing sensor data

Detecting lanes and vehicles

Fusing sensor detections

Generating driving scenarios and modeling sensors

Training Services

File Edit View Insert Tools Deskiop
Dada@ 08 KE

4\ MathWorks
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Develop Automated Driving Systems
with MATLAB and Simulink

Simulation Integration

Discuss your application with a

. MathWorks field engineer to help you
Perception _
ﬁ structure your evaluation

! - Understand your goals

A - Recommend tasks
= Answer questions

Visit us at demo booths
- Automated Driving

« Deep Learning
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Email: Amod.Anandkumar@ mathworks.in

LinkedIn: https://in.linkedin.com/in/ajga?2
Twitter: @ Dr_Amod
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