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Scene and scenario design answers a need

Complexity and realism
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Virtual testing framework for autonomous systems

Scenarios »

Application
under Test

Sensor »
Scenario » Models » Performance
Designer \ / Evaluator

L[ Test Manager ]
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ADAS system under test
Autonomous Emergency Braking (AEB)

Ego Vehicle Lead Vehicle

. : G

= If driver fails to apply brakes in time,
AEB system engages automatically

Forward Collision Partial Br?king Full Braking
1 41 - Warning (FCW) .
to avoid or mitigate collision 0 2 sta0e
st stage |
Time-To-Collision
Trew Tpe1 Teao  Tes (TTC)
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Explore test bench model

Metrics Assessment
Ego Acceleration (mfs*2)
Ego Velocity (mis)
Model Button
FCW AEB Safaty
Click The Button Before
Running The Model [
4 AEBDecisionLogic = AEBController
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Explore test bench model

Sensor Fusion
and Tracking
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Explore test bench model

[ Decision Logic

z AEBDecisionL
Relat

— Tracks
Ralative Velocity ——

Curvature Sequence b——

Reference Path  Lateral Deviation b———
Relative Yaw Angle b—
|z Goal Reached —D-(

- MIO Track
(L8 2]
AEB Decision Logic

.
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Explore test bench model

AEB Controller

4 AEBCA

Relative Distance

AERB Status EEm

Relative Velocity
Steering Angle F———

Curvature Sequence

0 Acc
Throttle —I

Lateral Deviation

FCWackiv

tl:fl(_\

FCW Activate
Relative Yaw Angle

Ego Car Stop |——

—# Longitudinal Velocity
A

Py Ll Z)
AERB Controller
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Explore test bench model
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Vehicle
Dynamics

— BccEeration
Latesal Velacity

2
iehicke Dynamics
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Explore test bench model
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Metrics
Assessments
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Explore test bench model

Actors and
Sensor
Simulation

;
7
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Automated Driving Toolbox
Overview

(7

Labeling

Ground Truth

r

Simulation

Unreal Engine
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Detection

Algorithms

Localization

Tracking
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Automated Driving Toolbox

Cuboid Simulation

OpenDRIVE
OpenStreetMap R
HERE HD Maps

Zenrin SD
i Custom meshes i—-»

Design Driving Scenarios

Driving Scenario Designer App

40 Scenario De
™
2 Jb d ¥ & a oW | Sy AR N 4
" Rapent
Hew Sew  Add Ads Add At Gol Pause Detaut
K7 B o S R e Fo oo finer)
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)
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Driving Scenario API

ds = drivingScenario();

Driving scenario

* Roads

« Lane markings

» Barriers & guardrails
* Vehicle trajectories

OpenDRIVE

OpenSCENARIO
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Presentation workflow
Using the Automated Driving Toolbox

Scenario Add Closed loop

Load scene variations Sensors simulation
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Load a pre-built scene into the app

Scenario Add Closed loop

Load scene variations sensors simulation

——
JdeBa ®B e m-=s

-

V [}pen Save Impeort  Add
Import| Add Add Add Add Add

- - Road Actur - Camer 3
. ¥ | Road Actorv Camera Radar Lidar

SLERISEIO LS _| ROAD NETWORK FILE R

Scenario File ... i OpenDRIVE v O D R I VE
\ ﬂ Replaces ﬁ Import roads and lanes from - p e n

current scenario OpenDRIVE files (xodr or xml) .

managing the road ahead

Prebuilt Scenario ... MOEDATA
1 ﬂ Replaces current scenaric with OpenStreetMap

Eurc MCAP or other prebuilt scenario Import road geometry generated ODenStreetMap

from OpenStreetMap files (.osm or xml)

oAFER & HERE HD Live Map
» Import roads and lanes generated from
w HERE HD Live Map data (credentials required)

‘PQ-
EUROR P/NCAP I b
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Programmatic scenario variations

Load scene

s

FOH 4 Ha = =8 5

Mew Opm Save Import Add  Add  Add  Add Add Add
o R T ST

Amcew Comas Radsr Udar NS Ulasoric

ngs m

at Default 3D
Layout Display ¥

=@

Add Display  siaueate  Delault
- Layout

¥

Export

hd

MATLAB

MATLAB Function

B Generate MATLAB function for
the driving scenario and sensors

Scenario
variations

Add
sensors
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Closed loop

simulation

function [scenario, egoVehicle] = AEB_CCFtap_VUT_lGkph_GVT_BkarI(nonEgoSpeed
% createDrivingScenario Returns the drivingScenario defined in the Designer

% Constant for all AEB scenarios
collisionTime = 10.0;
nonEgoInitialPosition = -nonEgoSpeed*collisionTime;

% Construct a drivingScenario object.
scenario = drivingScenario;

% Add all road segments
roadCenters = [@ 160 9;
0 -160 0];
marking = [laneMarking('Solid")
laneMarking( 'Dashed')
laneMarking('Solid')];
laneSpecification = lanespec(2, 'Width', 3.5, 'Marking', marking);
road(scenario, roadCenters, 'Lanes', laneSpecification, 'Name', 'Road');

% Add the non-ego actors
globalvehicletarget = vehicle(scenario, ...
‘ClassID', 1, ...
'"Position', [1.75)nonEgoInitialPosition P], Ce
'FrontOverhang', 0.9, ...
'Wheelbase', 2.8, ...
'Mesh', driving.scenario.carMesh, ...
‘Name', 'Global Vehicle Target ');
waypoints = [1.75 nonEgoInitialPositionle;
1.75 100 @];
Ispeed = nonEgoSpeed;
trajectory(globalvehicletarget, waypoints, speed);

eeeee i §

. .
nonEgoSpeed = 10m/s

V-
i = 2o L

nonEgoSpeed = 15m/s
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Add sensors to our ego vehicle

Scenario Add Closed loop
variations sensors simulation

Load scene

i - ey L ol
Add Add Add Add Add
Camera Radar Lidar INS Ultrasonic o

SEMSORS

Design sensor
architecture 1
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Export scenario and sensors to Simulink

Load scene

Scenario
variations

4 MATLAB

MATLAB Function
E Generate MATLAB function for
the driving scenario and sensors

Export Sensor Data
= Export sensor data from last
simulation run to base workspace

SIMULINK

Simulink Model
P& Generate Simulink model for
the driving scenario and sensors

Export Sensor Simulink Model
& Generate Simulink
model for only your sensors

STANDARDS

ASAM OpenDRIVE File
W- Export roads, lanes, junctions and actors
to ASAM OpenDRIVE file (xodr or xml)

ASAM OpenSCENARIO File
m Export road network, actors, and

waypoints to ASAM OpenSCENARIO file (xosc or .xml)

Automatic
generation

Add
sensors

Closed loop

simulation

>

’i untitled * - Simulink prerelease use

SIMULATION

FORMAT

., [ Open =~ =T ] Stop Time | 10.0 - (v
P e, s . Ny 4 @ P A
New e Library [REHIE Step Run Step Data
~ = Print = Browser o Fast Restart Back - = Forward Inspector
FILE LIBRARY PREPARE SIMULATE REVIEW RESUL.. =
g untitied = é:
gl e ||§]unutled A E_
2z =
2|l S
& g
=
Y]
B -
Masterclass_scenario V'S'O!-' .
O Actors > Actors Detection Objecl>
(Vehicle Coord.) Generator Detections
[Sensor Index: 1]
N Camera
Scenario Reader
Driving
Radar
»{ Actors Data Detections [
Generator
[Sensor Index: 2]
Radar
]
-]
» | @
Ready 156% FixedStepDiscrete
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Run closed-loop simulation

Scenario Add Closed loop
Load scene variations sensors simulation

Sensors and Environment

Actors and Sensor Simulation

8

Model Button Actors
Chick The Button Befora Vision
Actors and | s - -
Generator Detections
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Time
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Run closed-loop simulation

Load scene

Scenario

variations

Add
sensors

Closed loop

simulation

SIMULATION
L ) Open ~ =n o Stop Time | scenario.S ; - ‘ -
A o (18] N < ! 4 @ %) \']
Project | New & sove - Library Signal ¥ ||t Normal *) swp mm Step Data Logic Bird's-Eye  Simulation v
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PROJECT FILE BRARY PREPARE SIMULATE REVIEW RES a
| AEBTestBench -
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5
s Q Metrics Assessment
4]
= AEB Using Sensor Fusion Test Bench | EEEEEI R R
= |
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-
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Eg § 2
Model Button | [N
| FoW AEB Safety
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AEB Controller
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< Copyright 2018-2022 The MathWorks, Inc.
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Results from the simulation

Add
sensors

Load scene

scenario_26_AEB_CCFtap_VUT_10kph_GVT_30kph (Collision Mitigation: 91.6%)

sec

251
2|
1.5
1+
05

-0.1

0271
03r

04

Scenario
variations

TTC vs. Stopping Time

FCWStoptime
PB1Stoptime
PB2Stoptime
FBStoptime
— T C
0 1 2 3 4 5 6 7 8
FCW and AEB Status (0:NoAEB, 1:PB1, 2:PB2, 3:FB)
FCWactivate
—A\EBstatus
collision
egoCarStop
0 1 2 3 4 5 6 7 8
Ego Car Acceleration
W s | cgitucting| Acceleration |
Lateral Acceleration
0 1 2 3 4 5 6 7 8

Closed loop

simulation

Lead Vehicle

N

Ego Vehicle

Forward Collision Partial Brellking Full Braking
Warning (FCW
arning (FCW) 2"d stage
1ststage |
Time-To-Collision
Trcw Tre1 Teez Tes (TTC)
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RoadRunner Product Family

OpenDRIVE — OpenDRIVE
OpenStreetMap

RoadRunner

Third Party Simulators
« CARLA

Unreal Engine®
Unity®

Others

Geographic Information System Files

Custom Assets

RoadRunner Asset Library
RoadRunner Scenario

RoadRunner Scene Builder




MathWorks AUTOMOTIVE CONFERENCE 2022

3D Scene and Scenario workflow
Using RoadRunner tool suite and the Automated Driving Toolbox

Scene & Connect

Scenario MATLAB to Define Run Scenario

behavior Simulation variation

design RoadRunner

30
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Import scene using Industry Standards
And customize it

150

100

50 -

-50

-100 -

-150 -

Connect
MATLAB to

Define Run Scenario

RoadRunner behavior Simulation variation

_ EHEG

|
250

|
200

|
150

| | | | | |
100 50 0 -50 -100 -150 -200

OpenDRIVE
Import
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Import scenario using Industry Standards
Or re-design it using RoadRunner’s logic editor

Connect Define Run Scenario

MATLAB to . : . 110
RoadRunner behavior Simulation variation

Ego-Centric View Bird's-Eye Plot

ml=tA

60

40

-40

B0 b 1 1 . | I
40 20 0 -20 40 -60 -80
— Y (m)

OpenSCENARIO
Import 34



1. Vehicle Unde

Name 1

Class Car

30 Display Type  Sedan

¥ Actor Propemes

Length (m) Width (m)

47 18

Front Overhang Rear Overhang
19 1

Roll (*) Pitch (*)

¥ Radar Cross Sectior
Azimuth Angies (%) 180 180]
Elevation Angles (*). [-90 90]

Pattern (dBsm)

¥ Trajectory
Constant Speed (mVs) 2 77778

Wayponts, Speeds, Wait Times, and Yaw

x (m y {m) z(m) v (m/s)
1 1.7500 30 0 27778
2 17500 106298 0 27778
3 17488 9921¢ 27778
4 17412 92134 0
5 17211 BS5055
6 16824 77984 0
7 16190 70031
8 15251 63912 0
9 1304
10 12224 0
11 10029 4 2
12 07325 36809 0

Use smooth, jerk-hmited rajectory

Jerk (mvs)
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Ext Time (s)

orY Camera Radar far NS Jitras

4
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14
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Import scenario using Industry Standards
Or re-design it using RoadRunner’s logic editor

Scene & Connect Define Run Scenario

Scenario MATLAB to behavior Simulation variation

design RoadRunner
E.= Attributes ni

Anchoring system in RoadRunner Scenario
Road Edge

Left Lane

* Position actor and waypoints relatively to an
anchors

Right Lane

2 lane(s)

Lane Offset

* The anchors allow reusability of the scenario
within multiple scenes Travel Direction
Against Road Anchor

0.00m
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Scenario Editing

T
<otimet @="2" type="car” neme="Giobal Vehicie Target "> not mapped bo Asset

WARNING. Endl of Report
> WARNING: Import ASAM OpenSCENARIO succended with warnings/ermors

:
o e

MathWork

cenario Edit Tool
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Interact with RoadRunner Scenario using its gRPC API
In MATLAB

Scene & Connect : :
Scenario MATLAB to Define Run Scenario

behavior Simulation variation

design RoadRunner

RoadRunner API

« Starting/Closing RoadRunner
« Change scenario variables

* Running scenario simulations

« Data acquisition such as

RoadRunner | MATLAB trajectory and speed
RoadRunner Scenario '

« Export to OpenSCENARIO
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— 2l ol & » C: » Users » mirancoi » OneDrive - MathWorks » Documents » AE Projects » MAC - RRS - 10-2022 » AEB_originalFromSri » AEBWithRoadRunner » v
rrent Folder » A SetUpRRSC ulation.m ¥ X
Name SetUpRRSCosimulation.m ScenarioVariation.mr +
Folder A 1 %% (v
AEBWithRRScenario 2 rrAppPath = Program Files\RoadRunner R202: in\win64";
f 3 %%
s";‘?' < % Specify the path to your Rcac;*;ner project. This code shows a sample
‘,Au[umqm..;s(vku]»myBv.n.quHhRom!mew%mu.nng{-.:mp - % project folder on Windows.
| ScenarioVariation.m P XY
. Co
| SetUpRRSCosimulation.m - P tPath T x A x 2 .
rrProjectPa = ers\mfrancoi\OneDrive athior ( ments\RoadRunner Projects t ects”;
MAT-file = ’ 2
dsd_testMACmat = x% ) "
PNG File 9 % To update the path for the RoadRunner installation folder, get the root
AEB_Behavior.png 10 % object within the settings hierarchical tree. For more information, see
& AEB_Simulation.png 11 % <docid:matlab_ref#mw_0a889445-8d8f-4c7e-be@a-b293c755302f SettingsGroup>
& AutonomousEmergencyBrakinginterface.png 12 %%
& JunctionWithConnectinglanes.png 13 s = settings;
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& Scenario_Variables.png 15 %%
® VUT_PathParams.png 1€ % Open RoadRunner using the specified path to your project.
Simulink Cache ] %
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ans oF ) 2 %% Open Scene
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Leverage co-simulation to control vehicles’ behavior

Scene & Connect
Scenario MATLAB to

Define Run Scenario

design RoadBlunner behavior Simulation variation

RoadRunner Scenario connects with
actors in MATLAB, Simulink, and CARLA

Actors can read scenario states

* Action commands (path, speed, lane change,
lateral offset)

e Pose and velocity of all actors in the scenario

* Dimensions of all actors

* Map lanes and lane boundaries

Actors write scenario states
e Their pose and velocity for each scenario
simulation step
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Leverage co-simulation to control vehicles’ behavior
In Simulink

Scene & Connect : :
Scenario MATLAB to Detine Run Scenario

design RoadBlunner behavior Simulation variation

Sensors and Environment

Actors and Sensor Simulation

Model Button Actors
Actors and || s e
17179 Generator Detections @
Sensor f [Sensor Index: 1] Vision
A - Vision f—— .
Sl mu I a.tl on @ : | Ego Vehicle Pose Scenario Actors
(World Coord.) (Vehicle Coord.)
\ Ego
Radar
—I Sk %ﬂving
1 adar
Clustered —
—# Actors Data i p 2 )
—{Een Systern Time Generator Jetections Q
" [Sensor Index: 2) V Radar
Actons
b Scenario Reader
1 x 12:34 » )

egoRefPath » 5 )

Reference Path
Reference Path Info X
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Leverage co-simulation to control vehicles’ behavior
In Simulink

Scene & Connect

MATLAB to
RoadRunner

Scenario
variation

Run
Simulation

Define
behavior

Scenario
design

Decision

) AEB
Logic Controller

AEBController W
Ly Relative Distance

Sensor Fusion

Vehicle
and Tracking

Dynamics

AEBSensorFusi

Actors —‘ Vision Tracks

\"‘-‘

Sensor Fusion and Tracking

Sensor
Simulation

J

- MIO Track —|_.
1
AEB Decision Logic

MiD index
=
MIO Track

AEB Status |— 2%
Relative Velocity BicycleWithForcelnput poce
Steering Angle e eering Angle
Curvature Sequence
Thraottle

go_accelerftion i

Lateral Deviation Acceleration _
N Ic% ate W
FCW Activa = vehice Dynamics

Relative Yaw Angle

ego_car_stop
Longitudinal Velocity Ego Car Stop Ego Car Stop
[ _

AEB Controller .—. Goal Reached Ego Velocity
et r I C S Metrics Assessment

Assessments )
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Leverage co-simulation to control vehicles’ behavior
In Simulink

Scene & Connect

Scenario MATLAB to Detine Run Scenario

behavior Simulation variation

design RoadRunner

Target Actors

Reference Path

AEB Sysyem
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Run closed-loop simulation

Scene & Connect : :
MATLAB 1o Define Run Scenario

behavior Simulation variation

Scenario
design RoadRunner

BIRD'S-EYE SCOPE File | lew ols ssets Nindow elp Scenario !dm

) @ 4 @ » H
Update Settings = Stepping Run  Step World Legend
Signals Options Forward Coordinates
SIGNALS SETTINGS SIMULATE VIEW DISPLAY -
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E
@
o
=4
X
2
[m) 2D Editor | Logic Playback
©
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2
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=
o
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Lateral Distance (m)




MathWorks AUTOMOTIVE CONFERENCE 2022

Run closed-loop simulation

Scene & Connect Define Run Scenario

Scenario MATLAB to : : : L
design RoadBlunner behavior Simulation variation

scenario_26_AEB_CCFtap_VUT_10kph_GVT_30kph (Collision Mitigation: 91.6%)
25 TTC vs. Stopping Time

FCWStoptime
PB1Stoptime
PB2Stoptime
O FBStoptime

3 —— T C

Ego Vehicle Lead Vehicle

® @ @ (J

FCW and AEB Status (0:NoAEB, 1:PB1, 2:PB2, 3:FB)
FCWactivate
—\F Bstatus

w2r collision

2 egoCarStop Forward Collision Partial Braking | Full Braking

! Warning (FCW) on | stage

0 . 1st stage |
0 1 2 3 4 5 6 7 8 9 . .
Time-To-Collision
Ego Car Acceleration TFCW TPBl TPBZ TFB (TTC)

Lateral Acceleration

0 W—ng‘nudinalADDElEratiun f
011

02
03

04 . . . . . ‘ . .
4 5 6 7 8 9
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Generate scenario variations programmatically

Scene & Connect
Scenario MATLAB to
design RoadRunner

Define Run Scenario

behavior Simulation variation

The Euro NCAP standard Create a RoadRunner Scenario variable:

recommends testing with
scenarios by varying VUT and GVT
speeds.

Part 1 (clothoid) Part 2 (constant radius)

Test SPEEd Start RadiusR1 = End RadiusR2 = Angle a | Start RadiusRZ2 End Radius R2 = Angle p
[m] [m] [deg] [m] [m] [deg]
10 km/h 1500 9.00 20.62 9.00 9.00 48.76

15 km/h 1500 11.75 20.83 11.75 11.75 48.14

20km/h 1500 14.75 21.79 14,75 14.75 46.42
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Generate scenario variations programmatically

Scene & Connect
Scenario MATLAB to

design RoadRunner

Define
behavior

1 %4

2 load("CCFtapVariationData.mat")

3 disp(CCFTapVariationData)

4 %%

5 variantID = 9;

6 vutSpeed = table2array(CCFTapVariationData(variantID,1));

7 gvtSpeed = table2array(CCFTapVariationData(variantID,2));

8

9 vutSpeed = vutSpeed * 0.2778; % convert VUT speed from km/hr to m/s
10 gvtSpeed = gvtSpeed * 0.2778; % convert GVT speed from km/hr to m/s
11 rrApp.setScenarioVariable("VUT_Speed",num2str(vutSpeed))
1:2 rrApp.setScenarioVariable("GVT_Speed",num2str(gvtSpeed))
13 %%
14 % 2. Get the GVT wait time value from |CCFtapVariationDatal.
15 %%
16 gvtWaitTime = table2array(CCFTapVariationData(variantID,6));
17 %%
18 % Update the |GVT_WaitTime| variable of RoadRunner Scenario.
19 %%
20 rrApp.setScenarioVariable("GVT_Wait",num2str(gvtWaitTime))
21 %%
22 [E % Based on the VUT speed, set the Euro NCAP path parameters in the
23 % RoadRunner Scenario.
24 %%
25 rrApp.setScenarioVariable("VUT_Radius", ...
26 num2str(table2array(CCFTapVariationData(variantID,4))))
27 rrApp.setScenarioVariable("VUT_Beta", ...
28 num2str(table2array(CCFTapVariationData(variantID,5))))

Run Scenario

Simulation variation

() scenario_01_CarToCar_FrontTAP_Masterclass.rrscenario | RR22bBetaProjects | MathWorks RoadRunner R2022b

Variables
Name
VUT_Speed
GVT_Wait
3 | GVT_Speed
VUT_Radius

VUT_Beta 48.759999996253015

Output Library Browser Variables

49



MathWorks AUTOMOTIVE CONFERENCE 2022

Export scenes to driving simulators and graphics engines

= EXxport to common file formats for use in third-party applications

Filmbox
(meshes)

OpenDRIVE
(semantics)

50
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Export scenarios to OpenSCENARIO

adRunnes | MathWorks RoadRunner R20223

BB AW & b e adul

OpenSCENARIO
V1.x

OpenSCENARIO
V2.0

<Condition name="Start Condition of Event_Vehicle2" conditionEdge="none"

<SimulationTimeCondition value="0" rule="greaterThan"/>
</ByValueCondition>
</Condition>
</ConditionGroup>
</StartTrigger>

"Event_Vehicle2 2" priority="overwrite">
<Action name="Speed Action_Vehicle2 2">
<PrivateAction>
<LongitudinalAction>
<Spe ion>
dActionDynamics dynamics
dActionTarget>
=1, v JESPE8d entityRef="
SpeedActionTarget>
</SpeedAction> I
</LongitudinalAction>
</PrivateAction>
</Action>
<StartTrigger>
<ConditionGroup>

</TriggeringEnti
<EntityCondition>
haaskDagled

https://github.com/esmini/esmini

LY o 6 6 T 6 6 T 5 6 6 6 6 I i

WO e e

1%}
o

[ Y O VT % I

=]

[T ]

[ Y O T L% B e

do parallel:
ego.drive () with:
along (sedan__ route)
speed(lo.cemps, at: start)
serial:
cut-in wehicle.drive() with:
along (sedan2 route)
speed (5.5mps, =slg
until (cut-in ‘(?' <‘\

P eein_ venic1e] MathWorks is an ASAM Member
eurmin_vertelsl and actively participates in the

speed (lSmps

wicn: OpenSCENARIO 2.0

until (ego.time |
Implementers Forum

- J
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Partner with MathWorks to extend scenario workflows

Extend verification workflows
with MATLAB & Simulink

RoadRunner Scenario

Extend actor design workflows
with MATLAB & Simulink

Engage with MathWorks engineers through proof-of-concept projects or Consulting Services to
generate scenes and scenarios from your recorded data
52
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Partner with MathWorks to extend scenario workflows

Verification
workflows

Actor design
Workflows

Generate Generate
scenarios from scenario

recorded data variations ' E

Automate
testing
scenarios

RoadRunner Scenario

Integrate ) Integrate
planning & AN\ sensors
controls

Integrate
external =FuncticnMame>
code

C Callar

Engage with MathWorks engineers through proof-of-concept projects or Consulting Services to

generate scenes and scenarios from your recorded data
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Agenda

1. Introduction

2. Testing ADAS Systems

3. Cuboid scene and trajectory-driven scenario design
4. Photorealistic scene and logic-driven scenario design

5. Conclusion
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Key Takeaways

= Design and test simple driving scenarios using Automated Driving Toolbox
- Use RoadRunner to create realistic 3D scenes
= Design scenarios interactively using RoadRunner

= Perform co-simulation for scenario testing between RoadRunner and Simulink
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Call to action

- Explore examples available in the documentation

= Partner with MathWorks to extend scenario workflows

3

Autonomous Emergency Braking Autonomous Emergency Braking

with Sensor Fusion with RoadRunner Scenario

MathWorks AUTOMOTIVE CONFERENCE 2022
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https://www.mathworks.com/help/driving/ug/autonomous-emergency-braking-with-sensor-fusion.html
https://www.mathworks.com/help/driving/ug/autonomous-emergency-braking-with-roadrunner-scenario.html

Masterclass

Scene and Scenario Design
for ADAS Simulation

October 20, 2022 | Stuttgart
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