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Key subsystems of an automated driving system

Algorithms

Perception Sensor Fusion
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Virtual Validation of Automated Driving Applications
with MATLAB, Simulink, & RoadRunner

Virtual Worlds Multidisciplinary Skills Software Applications

- N

hlf Algorithms 1 Software

Perception Sensor Fusion

Virtual Worlds

Code

C/C++
GPU HDL

Architectures

AUTOSAR
ROS DDS

Development Platform
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Today’s Agenda

ENVIRONMENT MODELLING

Create Virtual Scenes and Scenarios



Develop Automated Driving Applications
with MATLAB, Simulink, & RoadRunner

4‘hhﬂmhﬂ$
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Virtual Worlds Algorithms

Scenes Sensors Detectlon Localization

Tracklng
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Software
Code

C/C++
GPU HDL

Architectures

AUTOSAR

ROS DDS

- Development Platform




A Virtual world is made up of Scenes and Scenarios

Scenes

Static elements of the environment
Roads, lanes, signs, traffic cones, etc.

4\ MathWorks
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RoadRunner enables Engineers to create Scenes

Edit View Tools Assets Window

S , | I Pl TS ES e B 32 SS 2 uie A A B A 9 s | [ P20 2

~ Attributes

Environment

Prop Polygon
I

Bush_Smo06.fbx

Prop

Density | 0.319
Uniform
Randomize

Bake

2D Editor | Extrusion Library Browser

M FreewayTrusses | M “ “ “

M Misc e N
MyProps .

M Signals Bush_Sm05 [EUSRESIOG Bushes CalPalm_F. calPalm.
M TrafficControl -
W Trees | E3E AN WEUE - o
M Uurban >

A Rail

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

Output | Library Browser




Here HD Live Map
TomTom HD Maps
Custom HD Maps

OpenDRIVE
OpensStreetMap
OpenCRG
Zenrin SD Maps

Geographic Information
System (GIS) Files

* Point clouds

* Orthoimagery

* Vector data

* Elevation data

Custom Assets

RoadRunner Platform

RoadRunner Scene Builder

RoadRunner

4\ MathWorks

OpenDRIVE

Filmbox

Third Party Simulators
CARLA

Unreal Engine®
Unity®

LGSVL

VIRES Virtual Test Drive
Metamoto

IPG Carmaker
Cognata

Baidu Apollo

Tesis Dynaware
TaSS PreScan

NVIDIA DRIVE Sim through
Universal Scene Description (USD)
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Porsche and NVIDIA use RoadRunner

PORSCHE
1. PEVATeC Architecture & Tools

3D World + Controls

@ W G| | NVIDIA: Connecting in the omniverse- The making of
unREAL | IR s GTC Keynote (Blog)
CARLA _

~
- Data Processing : OpenSceneGraph LQJ

PEVATeC is NOT a tool

I Vehicle Dynamics SiL to HiL RsetsiHlvrudoolU vasdtlosn
MATLAB
. urce code
PEVATeC is NOT a product SIMULINK
&)

NVIDIA

v PEVATeC is a simulation environment that integrates the most suitable tools on project demand
4 PEVATeC can be integrated in an ADAS simulation platform - flexible API

May 4-5 2021 PEVATeC @ MATLAB EXPO 2021 Porsche Englneenng
-6- Tille Karoline Rupp (PEG-AB)

PORSCHE: ADAS/AD virtual platform for end-to-end

software development, testing and validation

I CARLA: Roadrunner recommended software to create scenes I



https://www.matlabexpo.com/content/dam/mathworks/mathworks-dot-com/images/responsive/supporting/events/matlab-expo-2021/proceedings/matlab-expo-2021-adas-ad-virtual-platform-for-end-to-end-software-development-and-testing.pdf
https://blogs.mathworks.com/student-lounge/2021/04/26/building-an-autonomous-vehicle-av-simulation-toolchain-with-simulink-roadrunner-and-nvidia-drive-sim/?doing_wp_cron=1646213722.3619019985198974609375
https://carla.readthedocs.io/en/0.9.13/tuto_M_generate_map/

| 4\ MathWorks
Programmatically create RoadRunner HD Map from real world map data

— ‘
- 38°52'15"N /
Project / L
M ap . w00 RoadRunner HD Map of Pikes Peak Road
data SO lIEE S ) ‘ L e
upsample data ; 3 » — 7

Import roads

Add lane
markings

50 100 150 200

HD

: Scene
Import terrain Export

RRHD Map
Set
eographic : _
Eouﬁda‘?ies = Import map and elevation data into MATLAB
and reference N/ - Upsample data and create RoadRunner HD Map

= Import into RoadRunner

Build Pikes Peak RoadRunner 3D Scene

Automated Driving Toolbox, Mapping Toolbox R202 2 b
11



https://www.mathworks.com/help/driving/ug/pikes-peak.html

A Virtual world is made up of Scenes and Scenarios

Scenes

Scenarios

Static elements of the environment
Roads, lanes, signs, traffic cones, etc.

Description of dynamic elements in
driving simulation

Vehicle trajectories, pedestrian/cyclist
movement, traffic light changes, etc.

_l l

D I]p @Settings E ﬁ Q//
L s 4

tep  TREPER Dk 3D Export

EXPORT

4\ MathWorks
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Interactively design scenarios with RoadRunner Scenario

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

= Add various vehicles

= Author trajectories

= Specify actions and logic
= Parameterize variations

2D Editor | Logic Playback

Name

1 | Hatchback_InitialSpeed

Car_DistanceBehindSpeedBump

Hatchback
&
(Y140 mis
/ariables Attributes | Metadata | Simulation

Simulation Tool MathWorks*

Scenario Edit Tool ) 2022 _:
1

RoadRunner Scenario


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

Simulate map-aware paths and scenario logic

Follow lanes when no path is specified Speed actions

CYHITIy

\ ﬂwom

Amw P Match Speed
Sedan2 Sedanz Sedan2 ‘

4\ MathWorks

14



&\ MathWorks

Create complicated scenarios accurately

J NCAP_example.rrscenario | Project_Beta10 | MathWorks RoadRunner R2022a

File Edit View Tools Assets Window Help

vz S

Attributes

Route Parameters

Name

Lane Change Distance

CompactCar Route

= Cubic interpolation
= Clothoid interpolation

=  EuroNCAP

(clothoid-arc-clothoid)

Route Timing Tool
RoadRunner Scenario

2D Editor |

Library Browser

B A

emblies
Behaviors
Buildings
Damage

Extrusions

MuscleCar

Posts

Vehicle Te
xtures

—
Vs

DeliveryVan

Ambulance

GarbageTr

uck

CementTr
uck

PickupTruck SchoolBus

Output | Library Browser | Variables

Preferred Arc Radius

Computed Arc Radius

Total Turn Angle

Clothoid Proportion

Circular Arc Angle

Clothoid Angle

Attributes | Metadata

9.00 m

9.00 m

90.00°

45%

MathWork

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

Part 1 (clothoid) Part 2 (constant radius) Part 3 (clothoid)
B, E=6.00m o Test speed StartRadiusR1 End RadiusR2 ~ Angle | StartRadiusR2 | EndRadiusR2  Anglep | StartRadiusR2 EndRadiusR1l  Angle a
200m [m] [m] [deg] [m] [m] [deg] [m] [m] [deg]
L - 10 km/h to Farside 1500 9.00 [0.62 9.00 9.00 48.76 9.00 1500 20.62
- Trajectory of pedestrian dummy H-point o @ A 5
~ Auxis of centerline of Vehicle under Test K RP s 15 km/h to Farside 1500 11.75 20.93 11.75 11.75 48.14 11.75 1500 20.93
G=100m

tances B 20 km/h to Farside 1500 14.75 21.79 14.75 14.75 46.42 14.75 1500 21.79
Dummy H-point, start to 50%-impact _
Dummy acceleration distance (walking) & E=950m = 10 km/h to Nearside 1500 8.00 22.85 8.00 8.00 4430 8.00 1500 22.85

R2022a

15


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

4\ MathWorks

Programmatically vary scenario parameters

MATLAB, gRPC, and

Command-line APIs

* Define scenario variables in
editor

« Set variables programmatically
from API

* Run simulations —

+ Export to OpenSCENARIO B s

Sedan

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

Programmatic Scenario Interfaces R20220
16

RoadRunner Scenario


https://www.mathworks.com/help/roadrunner-scenario/programmatic-scenario-api.html

4\ MathWorks

Adjusting Scenario Variables with MATLAB Programs

rrApp = roadrunner(rrProj);
rrApp.setScenarioVariable(‘Threshold’,’5’);

rrApp = roadrunner(rrProj);
rrApp.setScenarioVariable(‘Threshold’,’15’);

rrApp = roadrunner(rrProj);
rrApp.setScenarioVariable(‘Threshold’,’25’);

17
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Export scenarios to OpenSCENARIO V1.x and V2.0

<Condition name="Start Condition of Event Vehicle2" conditionkdg
<ByVali

ondition>

="Event_Vehicle2_2" priority="overwrite">
on name="Speed_Action_Vehicle2_2">
<PrivateActi >

adRunnes | MathWorks RoadRunner R20223

BB A& a0 23
OpenSCENARIO
V1.x

https://github.com/esmini/esmini

B1 do parallel:
B2 ego.drive () with:
B3 along (sedan__ route)

OpenSCENARlO :;: seri:ﬁ?ed(lé.ﬁﬁmps, at: start)
B6 cut-in wehicle.drive () with:

V20 BT © alEg(sedanZ_IDute] :

88 speed (S5.5mps, slo
859 uit.i.l (cutljin_'ra/w \
P eiin_vemcre] MathWorks is an ASAM Member
S e names] and actively participates in the
e ime OpenSCENARIO 2.0
- | Implementers Forum

Export to ASAM OpenSCENARIO R2 02 2q \§ J

RoadRunner Scenario 18


https://www.mathworks.com/help/roadrunner-scenario/ug/export-to-asam-openscenario.html

RoadRunner Scenario’s simulation engine enables simulation
with agents in multiple simulators

RoadRunner Scenario connects
Agents in MATLAB, Simulink, and CARLA
through a Scenario Simulation Engine (SSE)

Agents write scenario states
* Their pose and velocity for each scenario
simulation step

&\ MathWorks

Agents can read scenario states
* Action commands (path, speed, lane

change, lateral offset)

* Pose and velocity of all actors in the

scenario Built-in
* Dimensions of all actors Agents
* Map lanes and lane boundaries

19



Today’s Agenda

ENVIRONMENT MODELLING

Recreating real world for virtual simulation

&\ MathWorks

20



Design Scenes for Simulating Virtual Worlds

Cuboid

X(m)
Longitudinal Distance (m)

=
¥ (m)

Use Case
« Controls, Sensor Fusion, Planning,

Perception

Scene Authoring Tool
 RoadRunner

Use Case
« Controls, Sensor Fusion, Planning

Scene Authoring Tools
« Driving Scenario Designer
* Programmatic API (drivingScenario)

&\ MathWorks

21



Driving Scenario Designer and API (MATLAB)

Create a new driving

scenario

— Add roads, lanes, vehicles,
trajectories, pedestrians,
sensors

Generate synthetic

detections

— Bird’s eye plot

— Run Scenario

— Export scenario to
MATLAB/Simulink

Roads

Road
Name
Width (m)

Number of Road
Segments

P> Lanes

¥ Road Centers
Bank Angle (*)

x (m)

Actors

Road

y (m)

z(m)

Scenario

50

40 f

30 f

Canvas

4\ MathWorks

5/ Click the canvas to begin adding a road
20}
10 5.4.-1.3
=L
ar
or
30 20 10 0 10 20 -30
9 Y (m)

Ego-Centric View

22



Design scenes and scenarios for automated driving

OpenDRIVE
OpenStreetMap R
HERE HD Maps

Zenrin SD
i Custom meshes i—-»

Design Driving Scenarios

Driving Scenario Designer App

 Scenario De: Scenui
R
YJbH d e & e oa W Romen [ &
™ Repeat
Hew Sew  Add Ads Add At Gol Pause Detaut
O o e AN O S e Fo oo finer)
e ST Vew o -
fosss | A v Centric View
ot
vt — :
N
iy \
Lanes \\\_
Noumber of tanes A\
R\
Lo Wit R .
» b DR\ -
A\
Road Cert ‘ \
° \ — -
R\ —
\ -
50 o\
W\
\
\.\\
o% o\
50 460 -480 190 500
*F

Driving Scenario API

ds = drivingScenario();

Driving scenario

Roads

Lane markings
Barriers & guardrails
Vehicle trajectories

OpenDRIVE

OpenSCENARIO

&\ MathWorks

23



Pre-Build Scenarios Available

~ U-Turns

I va—— /- -v@u,-,» -
Z RS —w
. ol
= 1

Intersections

]

Cuboid replicas of 3D simulation scenes

4\ MathWorks

.»:' = = .
= ‘,.,ul'"""’f!"!' -‘.

W T
i s

. LR & ——

a B - =
) N S

24


https://www.mathworks.com/help/driving/ug/prebuilt-driving-scenarios-in-driving-scenario-designer.html
https://www.mathworks.com/help/driving/ug/cuboid-versions-of-3d-simulation-scenes-in-driving-scenario-designer.html
https://www.mathworks.com/help/driving/ug/prebuilt-driving-scenarios-in-driving-scenario-designer.html
https://www.mathworks.com/help/driving/ug/prebuilt-driving-scenarios-in-driving-scenario-designer.html
https://www.mathworks.com/help/driving/ug/euro-ncap-driving-scenarios-in-driving-scenario-designer.html

| 4\ MathWorks

Migrate paths from Driving Scenario Designer (DSD)
to RoadRunner Scenario

Design trajectories in Export OpenSCENARIO | Import OpenSCENARIO Edit trajectories in

Introduction ) .
DSD from DSD to RoadRunner Scenario RoadRunner Scenario
4\ Driving Scenario Designer - untitled" - Scenario Canvas - a X
RoadRunner Scenario can import paths o ﬁ o &J ﬂ = =8 ﬁ“ = Say ke i > O @B § Efjn
and initial velocities from OpenSCENARIO ER | e R e B dnin e oo z
1.0 files. You can leverage this to migrate e — | e =7 L
paths designed in Driving Scenario i s
Designer into RoadRunner Scenario. s o .
: :::;i:u Section J’Oi "0 5
le®r

. -

1 1
@ e i - ESi
=181s
= Y (m)

25
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Simulating real world environment for virtual testing in ADAS

Vehicle Recreating Virtual
sensor data real world In testing for
collection simulation ADAS

Test Vehicle

26
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Creating scenario from real world sensor data

Test Vehicle

ﬁ Video Data — |mage Plot

GPS Data Map Plot B S
(Geoplayer) il

Object list - DrlvmgPIScenarlo
(LIDAR, RADAR, Camera) Driving ot
Scenario
OpenDrive | oy lp| Driving Scenario -~
(Road Network) Chase Plot O

27



| &\ MathWorks
Creating scenario from real world sensor data

Generate Lane Information from Recorded Data Example
gy, . Generate Scenario from Recorded GPS and Lidar Data Example

. ol
fe bt View et Tooh Deidop Vindow Hep
Noae @ 08 k3@ 4 H T T T T T T T T
Tope o of erersies Soas * GPS &
O EgoSim AT )
+  Lidar
\ €
3 B |

oadRunner Scenario

\ r * + il N
|

“AM!

ario

20

Scene Creation

— Sensor Data | g . — Localize Ego -I Reconstruct l- Synchronize ]- [ Save ]
[ Preprocessing ] [ (map import/ Create ] [ Trajectory ] Non-Ego Actors [ Visualization Scenario

road network)

b
‘ T T T T
o
L Driving Scena
\ ) 2l ! ! ! ! ! ! ! ! ! !
150 3 ,‘ 3 14.14 14.16 14.18 14.2 14.22 14.24 14.26 14.28 14.3 1432 14.34
2 = =z §io T ;

250 ~ i)
o — °

5

—

Recorded time
stamped data Creating Driving Scenarios from Recorded Vehicle Data for Validating Lane Centering System in Highway Traffic 28



https://mathworks-my.sharepoint.com/:b:/p/ssaurav/ETsq9rEAfvVBre_3BBkWidUBiD96jIi1fs2bG0-DrV30jQ?e=9ZgY1A
https://www.mathworks.com/help/driving/ug/generate-lane-information-from-recorded-data.html
http://www-jobarchive/Bdoc21b/latest_pass/matlab/help/driving/ug/generate-lane-information-from-recorded-data.html
https://www.mathworks.com/help/driving/ug/generate-scenario-from-recorded-gps-and-lidar-data.html

4\ MathWorks

SCENARIO VARIANT GENERATION- can generate many
scenarios from the scenario

Recorded time

stamped data \ Generate "
Scenario =
Sensor to T |
‘ Scenario o

RoadRunner Scenario DS Scenario Open Scenario

((

Scenario Variants

Seed Scenario

| Scenario Variants ] ‘
Generate

\ j Variants

29



Learn about generating scenes and scenarios from

sensor data

Featured Examples

Generate Scenario from
Actor Tracklist and GPS
Data

Generate ASAM OpenSCENARIO®
v1.0 file using recorded actor
tracklist and GPS data.

Actor Tracklist

Lane Detections

Open Live Script

GPS, IMU

Camera

Lidar

Extract Vehicle Tracklist
from Recorded Lidar Data
for Scenario Generation

Extract actor track list from recorded
lidar data using pretrained vehicle
detection model and JPDA tracker.

Open Live Script

Generate RoadRunner
Scenario from Recorded
Sensor Data

Generate RoadRunner Scenario
from recorded GPS data and
preprocessed actor track list.

Open Live Script

Extract Vehicle Tracklist
from Recorded Camera
Data for Scenario...

Extract actor track list from raw
camera data for scenario
generation

Open Live Script

Scenario Builder support package

Automated Driving Toolbox

Generate RoadRunner
Scene from Recorded Lidar
Data

Generate RoadRunner HD map
from recorded lidar data using
pretrained deep learning model.

Open Live Script

Improve Ego Vehicle
Localization

Improve ego vehicle localization by
fusing GPS and IMU sensor data
and generate virtual driving scenario
from recorded sensor data

Open Live Script

EEY

_— «

Generate High Definition
Scene from Lane
Detections

Generate HD road scene using
recorded lane detections, GPS data,
and OpenStreetMap® data

Open Live Script

Smoothen Trajectory Uzing smoothData
1

m &

! -

-,

Smooth GPS Waypoints for
Ego Localization

Create jitter-limited ego trajectory by
smoothing GPS and IMU sensor
data

Open Live Script

&\ MathWorks

recorded  R2022b

Extract Lane Information
from Recorded Camera
Data for Scene Generation

Extract lane information from raw
camera data to generate ASAM
OpenDRIVE@ scene or RoadRunn
scene

ASAM OpenDRIVE &
OpenSCENARIO

Open Live Script

RoadRunner Scene &
Scenario

drivingScenario

Preprocess Lane
Detections for Scenario
Generation

Format lane detection data to
update lane specifications for
scenario generation

Open Live Script

30


https://www.mathworks.com/matlabcentral/fileexchange/117450

Parameters fueling scenario variant generation

2 ?
]
I8
2.
|}
E.
B
|H

s

Ramp g

Free driving, following Lane change, overtaking

https://wiki.unece.org/download/attachments/78741915/VMAD-02-05%20Japan.pptx

= Actor Parameters

Speed, waypoint, yaw

Actor dimension and type

Other properties

Driving behavior
Aggressive / Safe

= Event Parameters

Collision
Driving manoeuvres

Lead, Follow, Lane keep,
Lane change, Overtake,
Merge, Exit

Road object interaction

= Scene Parameters

Road Network
Lane marking
Roadside details
Traffic density
Lighting or Weather
Sensor coverage

&\ MathWorks

31


https://wiki.unece.org/download/attachments/78741915/VMAD-02-05%20Japan.pptx

EURO NCAP — Parameter table

Simulation is becoming important for homologation

AEB Pedestrian CPFA CPNA CPNC CPTA CPRA CPLA

Type of test AEB AEB AEB AEB FCW
VUT speed [km/h] 10-60 10,15,20 10 4,8 20-60 50-80
VUT direction Forward Farside turn | Nearside turn Rearward Forward = Forward
Target speed [km/h] 8 5 5 0 5 5 5
Impact location [%] 50 25,75 50 50 25,50,75 50 50 25
Lighting condition Day Day/Night Day Day Day Day/Night
Vehicle lights (night) Low beam High beam
Streetlights (night) Streetlights No streetlights
AEB Bicyclist CBNA CBFA CBLA

Type of test AEB AEB AEB FCW

VUT speed [km/h] 10-60 10-60 25-60 50-80

VUT direction Forward Forward Forward Forward
Obstruction No Yes No No No

Target speed [km/h] 15 10 20 15 20
Impact location [%)] 50 50 50 25
Lighting condition Day Day Day

https://www.daimler.com/documents/innovation/other/safety-first-for-automated-driving.pdf

4\ MathWorks

Car-to-Pedestrian Nearside Child

E=4.00m

’ T G=100m

1

Car-to-Pedestrian T

U’{% y Adult

------------------------

https://cdn.euroncap.com/media/62795/euro-ncap-aeb-vru-test-protocol-v304.pdf 35



https://cdn.euroncap.com/media/62795/euro-ncap-aeb-vru-test-protocol-v304.pdf
https://www.daimler.com/documents/innovation/other/safety-first-for-automated-driving.pdf

4\ MathWorks

Scenario Variants support many AD Workflows

= [
£ 2 Workflow s | 2| £ |g2| =28 § | 2| % Sals o | 3
L o (b} 2] o N _> n +— (@) n — +— — =
3 S | o | £ | 2 s|>Sz| 2 a| 2 | & S .25 c | ®
N o o < > o | = < = @ (@) 2] = > o o
£3 v | £ | §135|58| 8|58 g | & %88 5| 2
e © a = E| @ | = o
Adaptive Cruise Control v v v v v v v
=
@ AEB test on straight roads v 4 v v v v v
O
AEB test on turns v v v v v v v v
2 Lane Keep Assist 4 v v
<O1: Lane change, Overtaking v 4 v v v
E Traffic Jam Assist v v 4 4 v v v v v
> Parking helper L1/L2 v v v v
- Sensor coverage 4 4 v v v v v v v v v
o
g Object detection 7 v 7 Y Y v v v v
@ V2X test v v v v v v v v v v v v
Urban, rural, highway 4 4 v v v v v v v
X
3 Auto parking valet v v v ~
(%]
9( Increase traffic density v v v v v v v
Complete self driving v 4 4 4 v 4 v v v v v v v v v

33



4\ MathWorks

Euro NCAP driven Portfolio to test scenarios for R2022b
ACC L KA AEB

Variant parameters for testing ACC

Variant parameters for testing LKA Variant parameters for testing AEB
Ego speed Ego speed - Ego speed variation
Non-ego Trajectory (cut-in) Target Trajectory - Ego trajectory variation on turns
Road Variation Road Variation - Actor dimension variation

Impact location variation

Source: 34
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R2022b

Test scenario variant generation for LKA

hed Lane Marker

Unmarked Lane Mar : _ Solid Lane Marker

I 1
| | | 43y | | | _
20 0 20 20 0 20 .20 0 20 . Parameters for LKA Variants
Y (m Y (m Y (m |
(m) (m) (m) : . = [Ego speed
3 Position of Curve relative to left wheel (C| i ] 1 I
. gass o 0 I T SR e S SSRGS [k .o it | Road Variation
L oL S |
st | | | | 1 | | | | |
180 190 200 210 220 XZ(:::) 240 250 260 270 280

Lane-support s



https://www.euroncap.com/en/vehicle-safety/the-ratings-explained/safety-assist/lane-support/

4\ MathWorks

Test scenario variant for Lane Keep Assist Testing (LKA) R2022b

Variant for LKADashedLane
Loteral Wakacity = 0.3 s

| | | | |
| | | | 1 I | | | |
| | | J | |
'J 'J L KADashedLane
LKASolidLane |
| 1 | |
| i | |
Generate Scenario Variants for Lane Keep
Assist Testing . J

LKANoLaneMarking 36


https://www.mathworks.com/help/driving/ug/scenario-variant-generation-for-lane-keep-assist-testing.html

4\ MathWorks

Test scenario variant for AEB and dimension variation R2022b

Generated Scenario Variants

eed Scenario

e

‘{ 1 | |

u VN 4 g :
) § i .

: ;l 1

Generate Scenario Variants for Testing AEB | |
Pedestrian Systems : |

Generate Scenario Variants by Modifying Actor Dimensions

37


https://www.mathworks.com/help/driving/ug/scenario-variant-generation-for-testing-car-to-pedestrian-aeb-systems.html
https://www.mathworks.com/help/driving/ug/dimension-variations-for-test-scenario.html

4\ MathWorks

Test scenario variant for Adaptive Cruise Control (ACC) R2022b

Variant for ACC Car to Car Rear Stationary (CCRS)

£0 Sp00d 19 44 s Target Spees 0 oy £90 Spe0d 2222 Trget Spees 0 oy
) 0

o] o — o ——a]

‘‘‘‘‘‘
g0 Spaed 25 ms Target Speed 0w 40 Speed 27 78 ws Target Speed 0 s 30 Speed 10 56 ms Target Speed 0 oy

o —— o e——— o —

Variation for ACC Target Cut-in
Seed Sconaro. £30 Soaed 33 33 ms Target Speed 16 44 my

g Speed 3233 ws Target Speed O mis £90 Soeed 36 11 s Target Speed O miy M

) )

o e———a o e——) I

{

o~ P S ———

Car-to-car rear stationary (CCRS)

Variant for ACC Car to Car Rear Moving (CCRM)

SR F—— e Generate Variants of ACC Target Cut-In Scenario

1)

Generate Scenario Variants for Testing ACC Systems 38



https://www.mathworks.com/help/driving/ug/scenario-variant-generation-for-testing-acc-systems.html
http://www-jobarchive/Bdoc22b/latest_pass/matlab/help/driving/ug/scenario-variations-for-testing-acc-with-target-cut-in.html
https://www.mathworks.com/help/driving/ug/scenario-variations-for-testing-acc-with-target-cut-in.html

Scenario Variation Generation

Genaratad Scenano Variations
okt ks

Generate Scenario Variants
by Modifying Actor
Dimensions

Generate scenario variants from

seed scenario by modifying actor
dimensions.

Variaion for ACC Target Cut-In
e e T e

Generate Variants of ACC
Target Cut-In Scenario

Generate scenario variants to test
adaptive cruise control (ACC)
application using European New Car
Assessment Programme (Euro

by MathWorks Automated Driving Toolbox Team

4\ MathWorks

Scenario Variant Generator for Automated Driving Toolbox

Generate multiple variants from a seed scenario that is either manually created or generated from recorded sensor data

Read the seed scenario and extract its parameters
Modify static/dynamic parameters of the seed scenario
Generate variant scenarios

Variant for ACC Carto Car Resr Moving (CORM)

Generate Scenario Variants
for Testing ACC Systems

Modify speeds of the ego and target
vehicles to generate scenario
variants for testing adaptive cruise
control (ACC) application using

Generate Scenario Variants
for Lane Keep Assist Testing

Generate scenario variants to test
lane keep assist (LKA) system using
European New Car Assessment
Programme (Euro NCAP) test

Target actor

Collision point

20 Ego vehicle

30 20 10 Ym:)) -10 -20
Generate Scenario Variants
for Testing AEB Pedestrian
Systems

Generate scenario variants to test
automated emergency braking (AEB)
system using car-to-pedestrian
European New Car Assessment
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GM synthesizes scenarios from recorded data to validate lane

centering system

Lane Centering with Super Cruise on Cadillac CT6

/ N Long Range 2
Short Range/ Radar _— \
Radar | s \“

_m)

GPS

,,,,»‘— =

Camera
View

Sensors
— Pre-Scanned High Definition Map
— Map matching with GPS
— Camera
— Long Range Radar
— Short Range Radars

Actuation
— Electric Power Steering

Driver Monitoring System for Safety
— Infra-red Face Recognition
— Steering Wheel Touch Sensor
— Chime and Vibration Seat

I 4\ MathWorks: ﬂ

MathWorks Automotive Conference 2020 video & slides

4\ MathWorks @

Conclusion

= Created virtual driving scenario from recorded data

Reconstruct Localize ego Reconstruct Compare with
road network trajectory target vehicles recorded video
P56 7 Y S 8
j""l Ao A : Rada[ P | )

-
-

~ OpenDRIVE Closed-loop

Simulation

= Reproduced real-world driving scenario in the virtual simulation environment
— Assess functional behavior and identify root cause for problem cases
— Reduce development time with limited resources
— Enable repetitive tests for hazardous scenarios

30
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Today’s Agenda

VIRTUAL VALIDATION

Testing highway lane following application Setting up Test Automation framework for

Requirements Gathering Scenarios to Test

4\ MathWorks
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Simulate sensors for automated driving applications

4\ MathWorks

Cuboid Sensors

Radar
IQ Signals

100

&§ 8 83 3 8 8

8 8

10

-10 o

o 5
Y (m)

100

Ultrasonic
Detections

Cuboid & Unreal Engine

Radar :

L ]

Unreal Engine Sensors

Semantic

Monocular '
Camera Segmentation

Fisheye

Positional Sensors

Wheel
Encoder

Global
Positioning
System
(GPS)

Inertial
Measurement
Unit
(IMU)

Inertial
Navigation
System
(INS)
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Virtual Validation
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Requirements Gathering
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Test Bench
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Scenarios to Test

yBrakingTest!

E1 1
E 2 2
E s 3
Ea 4 scenario_04_AEB_CCRb_2_i
Es 5 scenario_05_AEB_CCRb_:
Es 6
=7 7

8 8 scenario_08_AEB_CCRm_S0overlap
E o ° scenario_09_AEB_CCRm_-S0overlap
E 10 10 scenario_10_AEB_CCRm_75overlap
E 11 scenario_11_AEB_CCRm_-75overlap
E 2 12 scenario_12_AEB_CCRm_100overlap
E 13 13 scenario_13_AEB_CCRs_S0overlap
E 14 14 scenario_14_AEB_CCRs_-50overlap
E 15 15 scenario_15_AEB_CCRs_75overlap
E 16 16 scenario_16_AEB_CCRs_-75overlap
= 17 17 scenario_17_AEB_CCRs_100overlap
E 18 18

scenario_01_AEB_Bicyclist_Longitudinal_25width
scenario_02_AEB_Bicyclist_Longitudinal_S0width

scenario_03_AEB_Bicyclist_Longitudinal_75width

alGap_12m

alGap_40m
scenario_06_AEB_CCRb_6_initialGap_12m

scenario_07_AEB_CCRb_6_initialGap_40m

scenario_18_AEB_Pedestrian_Farside_50width

crAmarin 10 AED Badnctrian |annibdinal 2width

wod

New Upm Sue

&

Do

3P

Do Sonrgy
D Anigilibing
7]

Test Manager

]

s Do

-] cenario 19 4B Beyati ton.. « J s vay

scenario_03_AEB_Bicyclist_Longitudinal_75width

At inecgensyabingTests ¢ T S 02 AT, B Lomgialinal T

Mt AEBTMBI:

muac

4| brcien

Title:
esults

Author:

Date:

Test Environment

PCWING4
(R2021b)

Platform:
MATLAB:

10-Dec-2021 13:52:37

Report Generation

Report Generated by Test Manager

Autonomous Emergency Braking Test R
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Sensor fusion algorithm test bench for Open Loop Testing

@\ MATLAB R2022a -~ a *

B s

M| Search Documentation

[;35 I.E}l' du\j - [ Find Files £ @ Ligy Variable v t* |_§' Analyze Cfncle IEI (@ Preferences EJ% w g;_: Community
New New New Open (2] compare Import Clean @I SaE i Favorites &f Blzanchiine Simulink  Layout E il Add-Ons  Help — (st S
Script  Live Script ¥ = Data Data @ Clear Waorkspace ¥ N |## Clear Commands ¥ - I“I Parallel hd b E Learn MATLAB
FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES a
(1 At | BJ {a » D ¥ Automated driving » Demos » FVSensorFusion » FVSensorFusion » >R
Current Folder ® Command Window (® Workspace ® g
Name « fg; >> Name = Value E
~ Folder Halpha 2 SF:
Algorithm '£ assessment 1x71 struct §
Metrics {1 assigThresh 400 §n
resources 1@ BusActors1 1x1 Bus §'
TestAnalysis |¥| BusLaneDetecti... 7x7 Bus
TestAutomation |© BusLaneDetecti... 7x7 Bus
= TestBench |€| BusObjectDetec... 7x7 Bus
& ForwardVehicleSensorFusionTestBench.slx €] BusObjectDetec... 7x7 Bus
“) helperCreateFVSFBusObjects.m /€ BusObjectDetec... 1x7 Bus
“) helperSLForwardVehicleSensorFusionCleanUp.m ¥/ BusRadar 1xT Bus
] helperSLForwardVehicleSensorFusionSetup.m € BusSimulation3... 7x7 Bus
© Project /€ BusSimulation3... 7x7 Bus
I FVSensorFusion.prj |€ BusSimulation3... 1x7 Bus
/@ BusSimulation3... 7x7 Bus
/@ BusSimulation3... 7x7 Bus
/€ BusSimulation3... 7x7 Bus
Details 7 /€ BusTrackerJPDA  7x7 Bus
/€ BusTrackerJPDA... 7x7 Bus
/@ BusVehiclePose  7x7 Bus
|€ BusVision 1x1 Bus
/€ BusVisionDetect... 7x7 Bus
|€ BusVisionDetect... 7x7 Bus
/€ BusVisionDetect... 7x7 Bus
Select a file to view details I camera Tiet struct
tH cutOffDistance 30
tH Epsilon 2.5000
Hm 3 N
tH MinNumPoints 2 -~
< >
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AEB with sensor fusion test bench- Closed loop testing

Reference Examples

| Highway Lane Following Test Bench ]

LaneFollowingController

mis)
Sat Valoesty #] Set Valocity
{ms)
LansMarkar e LaraFaollowingDecisionl ogic
Manage Tests e . ——
e [TEEx104x3] F *F ane Peiecibns Lane Cemtar #{ Lane Ceniar

\ e Report Results

[ = Lara Marker Datector

ol 8 5 D m = =B e 8 @ [nTme
New Open Save B SV Dupre Testspec Run Rumwith Sioo Paralld | Recort Visualize Hichlioht Testing | Preferences | Help 4 MIO Relative Distance #{ MIO Redative Distance
S TR Y Es - 2 - VehicieDetector Summary
[£] scenario_LFACC_03 Curve_Sto... x [} StartPage x [T B 02dx3]
Fitrtess by nams orags 9 tag: et ogt_ scchianation Name Outcome
< I HihwayLansFolowingMeticAssessments Crete Test Case fom Extemal Fle Radar - 108
fest Scenarios »TAGS = s .
T AL T  DESCRIPTION . 1 HighwayLaneFollowingMetricAssessments
B s s e e |+ neameuers eciSion 109

[ Test Scenarios

=) scenario_LFACC_03_Curve_StopnGo
cenario_LFACC_04_Curve_CutinOut

~ SYSTEM UNDER TEST*

cenario_LFACC_06_Siraight_StopandGol eadCar
_Straight_RightLane
_Straight_LeftLane
_Curve_LefiLane
cenario_LF_04_Curve_RightLane

[E) scenario_LF.

Name
Type Simulation Test
Model HighwayLaneFolowingTest
Simulation Mode [Model Settings]
Location CaUsersiaailumOneDrive -

cenario_LFACC_05_Curve_CulinOut TooClose Model: | HighwayL aneFolowingTestBench

» 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 scenarioName = "scenario_LFACC_63_Curve_StopnGo”;

2 helpersLHighuayLaneFollowingsetup("scenarioFcnliame”, scenaric
3

4|% Configure output video file name
ayLaneFollowingTestBench/Sinulation 30 Scen:
Tename’, scenarioliames’.mpd’);

B
7

soeanues D>

Forward Vehacle Sensor Fusion

Logic

Lane Following Decisson Loge:

Controls

Lane Following Controdar

lane boundanes

Copyright 2019-2020 The MathWorks, Inc.

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

=l scenario LFACC_03 Curve StopnGo
=) scenario LFACC 04 Curve CutInOut

== scenario LFACC 05 Curve CutInOut TooClo
=) scenario LFACC 06 Straight StopandGoLea
B . isht Right]

=l scenario LF 02 Straight Leftl.ane

l5 scenario LF 03 Curve LeftLane

I scenario LF 04 Curve RightLane

0000 OOCOO
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https://in.mathworks.com/help/driving/examples.html?category=automated-driving-applications&s_tid=CRUX_topnav

Automate testing for the closed loop AEB testbench

4\ MathWorks

o\ MATLAB R20210

o O B Scompe - i s % & 2 & Profiler &

[E] section Break. l) =S

New Open Sawe Gprm v  GoTo Fd~” Retacror B B [ Aratyze | _Run BRrnmndadance | g gep
- - - ~ [ Bockmark ~ - - Section [3 Run to End -
FiLE HAVIGATE cope anauze SECTICN RUN 2
B TSI B Ll F C: b Users b mraj b MATLAB b ramples v ~lp
Current Folder ® Project - HighuayLancFollowang
MName +17 | TransferLeaming.m | lane_vehicle < Highy g.m |+
g [ o= ut ERPIUTES Uy TaRALaity 41T U CeT MaTSRe S St Co @ ror or - - - T
@ | MghwaylancFoliowing a2 % external reviewers.
B sdprj 43 % # "Automate testing with generated code:* The lane detection, sensor
_ a4 % fusion, decision logic, and controls components are configured to
vehicleDetectorACFModel.mat 45 % generate C++ code. The automated testing is run on the generated code to
5] scenario_LFACC_01_Curve DecefTargetmpd a5 % verify expected behavior
s ::Eti;"l”::;"""‘“’ a7 % # "Automste testing in parallel:* Overall execution time for running the
HLF SLText Reportng % tests is reduced using parallel computing on a multi-core computer.
HLF SLTest Resuitspng &
HLF SLTest Verdication png % Testing the system-level model requires a photorealistic simslation
& FarwardVehicleSensorFusion sk % environment. In this example, you enable system-level simulation through
G HighwayLaneFollowingTesigench siee % integration with the Unreal Engine from Epic GamesGreg;. The 3D
S LeneFollowingCantrollersiec % simulation environment requires a WindowsBreg; 6d-bit platform.
& LancFollowingDecisionLogic s
S LeneMurkerDetector.shic £
@ VisionVehicleDetector.skic if ~ispe
error(“The 30 simulation environment requires a Windows 64-bit platform");
end
=3
% To ensure reproducibility of the simulation results, set the
rng(@);
%% Review Requirements
% Simulink Requirementsdtrade; lets you author, analyze, and manage requirements
% within Simulink. This example contains ten test scemarios, with
% high-level testing requirements defined for each scenardo. Open the
% requirement set.
%
% To explore the test reguirements and test bench model, open a working
% copy of the project example files. MATLAB copies the files to an example
% folder so that you can edit them. The |TestAutomation| folder contains
% the files that enables the automate testing
addpath(fullfile(matlabroot, "toolb "grivi drivingdemos'));
helperDrivingProjectSetup( ‘HighwayLaneFollowin ', “workDir', pwd);
(Seript) —
([ Wienkpeet © 77 open( ' HighwaylaneFollowingTestReguirements. s1r
Name ~ 7!
|l assessment ~ 79 =3 -
[ assigThresh
|| Bushcraest Command Window ®
[€] BusDetectionCon... New to MATLAB? See reseurees for Getting Started. *®
[#] BusDetectionCan..
|8l BusDetectionCan... o>
I
[€] BusvisionDetectic...
[&] Busvision Detectio.
| ] BusVisianDetectic.
[€] BusvisionDetectio.
[®] Busvisioninto
camen
[ ! gForighwayls... i
- script ln 77 Cal 52
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ENVIRONMENT MODELLING

Create Virtual Scenes and Scenarios Recreating real world for virtual simulation

VIRTUAL VALIDATION

Open/ Closed loop testing Test Automation for AD/ADAS

Requirements Gathering

4\ MathWorks
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Call to Action

= Visit us at our demo booth, outside the seminar hall

= Let us know the challenges you face in your AD/ADAS workflow

- MathWorks would be happy to collaborate with you for
developing your AD/ADAS workflow
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4\ MathWorks

Accelerating the pace of engineering and science

Tt I

For further detalls, Q&A and
feedback kindly reach out to

Dr Rishu Gupta

Email id: rishug@mathworks.com
LinkedIn

Munish Raj

Email id: mraj@mathworks.com
LinkedIn

50


mailto:rishug@mathworks.com
https://www.linkedin.com/in/dr-rishu-gupta-72148914/
mailto:mraj@mathworks.com

MathWorks
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CONFERENCE 2022

Please provide your Feedback for this Session.
You will also receive a Feedback Link via SMS on your registered Mobile Number

https://tinyurl.com/ypr9z7rx

- J\ MathWorks:



