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Scenario Creation with RoadRunner

XiL Integrated tool chain

Scenario Simulation
= Validation setup with co-simulation framework

= Data Exchange Mechanism

Scenario Synchronization
= Ego and Traffic Vehicles Position Update

= Time Synchronization

AEB Controller Validation

= Results Comparison

BOSCH




Design 3D scenes

Scenario Builder for
Automated Driving Toolbox

Reconstruct _

Design scenarios Lanes i e

L ocalize Localiz'edﬂ
Ego Vehicle @

Simulate driving applications

Reconstruct

Build scenarios from recorded data




4\ MathWorks'

RoadRunner Scenario

Design scenarios




4\ MathWorks

Interactively design scenarios with RoadRunner Scenario

= Add various vehicles
and pedestrians

= Author trajectories
= Specify actions and logic
= Parameterize variations

= Spawn and Despawn
vehicles as needed

Hatchback

Simulation Tool MathWorks*

S i Edit Tool Updated
cenario Edit Too
RoadRunner Scenario R202 30 :



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

4\ MathWorks:

Build scenarios from recorded sensor data with Scenario Builder

Recorded sensor data

a°p

]
Lidar

@

GPS

\ P
Camera IMU N g
\\‘/’/
Object List

Lanes

Scenario Builder

Actor extraction (e.g., vehicles)

Roadside
objects

Trees
Buildings
Roads

Reconstructed RoadRunner Scenario

Virtual scenarios mimicking real-word sensor
data

Analysis, Extraction and Localization of static
and dynamic objects

Scenario Builder for Automated Driving Toolbox
Support package shipping with Automated Driving Toolbox from R2022b release

6



https://in.mathworks.com/help/driving/ug/generate-roadrunner-scenario-from-recorded-sensor-data.html

Scenario Builder - workflow

Sensor data

Ego localization

Road
reconstruction

4\ MathWorks:

Roadside
objects
reconstruction

Target actor
trajectory
reconstruction

RoadRunner

Scenario




| 4\ MathWorks

Scenario Builder - workflow

Road Roadside
Sensor data Ego localization — — objects —

reconstruction .
reconstruction

Target actor RoadRunner

trajectory 9

reconstruction Scenario

@ Pose correction Offset correction

k Lateral drift corrected
1 trajectory

3 L

GPS GPS+IMU localized trajectory

~ ~

Ve -

= Correct position and orientation of ego actor using GPS and IMU fusion
= Correct single/multi-lane level offsets using GPS, lane information and HD maps




Road reconstruction

Sensor data

Ego localization

Road

reconstruction

Roadside
objects
reconstruction

Target actor

trajectory
reconstruction

4\ MathWorks:

RoadRunner

Scenario

Extract lanes, road boundaries from camera and lidar data

Reconstruct road with lane add/drop, road curvature and junctions




Roadside objects reconstruction

o Road
‘ Sensor data ‘9 Ego localization

Roadside
objects
reconstruction

—

Target actor
trajectory
reconstruction

=

4@\ MathWorks'

RoadRunner

Scenario

Trees
Buildings
Roads

« g

Lidar

= Labelled Lidar data is used to reconstruct trees, buildings and other roadside objects.
— Labels supported: buildings, trees, bushes, traffic cones, pylons, barricades, and electric poles

= Automate assets (trees and buildings) labelling using pre-trained models

= Alternatively use Camera + GPS to get approximate scene with roadside objects.
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4\ MathWorks:

Trajectory reconstruction

Roadside
objects
reconstruction

Target actor RoadRunner
trajectory

reconstruction Scenario

Road

c _ .
Sensor data go localization reconstruction

Object List

Camera

= Reconstruct dynamic actor tracklists, vehicles from camera or lidar or radar data and its combinations

= Lidar sensor data can enable extraction of objects from all the sides of the ego vehicle whereas Radar
sensor data can enable farther objects.

= Camera sensor data can help identify object classes (car, truck etc.)

11



4\ MathWorks:

(A
T, (T ————rY WY —'-lnl-"",l

. %\

-

Seed Scenario | SEEEE

T

—= =

No Collision
Cutln_Right Rash Driving

& ASAM



Develop scenarios for automated driving applications
with RoadRunner Scenario

Trajectories
« CSV
*+ OpenSCENARIO 1.x

Automate Tasks

(import, export, set variables,..

« MATLAB*

« C/C++

*  Python

* Any gRPC supported
language

)

RoadRunner Scenario

RoadRunner

-~

T .

]

7N

Trajectories and logic
* OpenSCENARIO 1.x
* OpenSCENARIO 2.0

4\ MathWorks:

|/ SSE

Simulate Actor Behaviors

— « MATLAB*
*  Simulink*
« CARLA

* = Enabled through Automated Driving Toolbox

13



Co-Simulation framework: RoadRunner and Carmaker
XiL integrated toolchain for ADAS V&V at BGSW:

Test Management & Environment

Automation Simulation

fasTest* and VTD/CARMAKER

ECU Test/RTF

Test Management and High Fidelity Vehicle

automation toolchain Y [ dynamics and
ADAS/AD simulation tool
Validation

Effective Test ® ® XiL Integrated

Scenarios . . . . Middleware

MathWorks

RoadRunner ETAS COSYM

Design of effective Integration of SUT and

standard test scenarios for different simulators for XiL

selected ADAS features

* BGSW in-house developed tool

14 Confidential | BGSW : SDS V&V team | 01-09-2022
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Co-Simulation framework: RoadRunner and Carmaker
ADAS reference implementation — XiL based

Development of XiL based hybrid ADAS validation environment with integration of . Fpary W T T T T T T T e tas T TTTTTTTT !

1
|
Environment simulation tools (VTD, CarMaker, etc.) =[§]= l covionment Vehicie oynamics [l cosvwxit SRR Jp—
1 Simulation Simulation Toolchain . . ° toolchain
] ] ) ) Software : Chassis
Co-simulation tools (like COSYM, Model connect, Silver, etc.) !
% : Installation and Basic Training/ ADAS/AD Test Iii:zﬁ::: Test Automation
Test automation tools (like ECU test, Robot framework, etc.) gl Corureton documentation  Jf Scenarostest Herdwar s T tomation
Services ] setup
. E
MCD tools (like INCA, CANOE, CanAlyzer, etc.) ! .
{(-\\') : . o G HiL: HiL hardware Harness ECU
y 1 zﬁ:j;g::mem PCETAS RTPC tzaldc:dox e basefi on Harpgss and
Development of database for scenario-based test cases for ADAS functions with scenarios Hardware ! requirement (EIEmEE RORHEEIEE

l

Ethernet

DUT
(MATLAB model or
FMU)

ECU-Test based Test
Automation

COSYM Carmaker/VTD PC

T Host PC T

Ethernet Ethernet Host PC

XETK Ethernet

RADAR ECU —> POWER SUPPLY Stimuli and feedback signals

15 Confidential | BGSW : SDS V&V team | 01-09-2022
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Co-Simulation framework: RoadRunner and Carmaker
Why Co-simulation?

16
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Challenges

. Inclusion of unexpected or non-

connected objects

. Scenario completeness

. Self organization of vehicles

. Unrealistic/Unachievable scenario

. openSceanrio is not compatible

with all simulators

Solutions

1. Running different scenarios taking
into account intentions

2. Reproduce realistic traffic
behavior

3. Integration of EGO vehicle driving
through the traffic simulated by
the external software

4. Export the same scenario to
multiple simulators

BOSCH




Co-Simulation framework:
RoadRunner and Carmaker

Scenario Simulation




Co-Simulation framework: RoadRunner and Carmaker
Why Co-simulation?

Vhcl.sRoad: 143m

RoadRunner




Co-Simulation framework: RoadRunner and Carmaker

Scenario Simulation: Validation Setup

Using SSE
gRPC protocol

Recorded Data to

Virtual Scenario
Creation (MATLAB)

Automation &

Scenarios :
Testing Tool

Scenario Variants

(MATLAB)

Using APO
Communication

19 Confidential | BGSW : SDS V&V team | 01-09-2022

Scenario Generation and
Simulation (Roadrunner)

Using SSE
gRPC protocol

Middleware

CAN/FlexRay/Ethernet

(ETAS COSYM)

APO
Communication

Environment Simulation
(IPG CARMAKER)

FMU
Interface

ADAS ECU

v

SoS ECUs

Telematics

Steering

Vehicle Dynamics
and RBS
(Simulink or FMU)

BOSCH




Co-Simulation framework: RoadRunner and Carmaker

Scenario Simulation: Data Exchange Mechanism

Using SSE APO
Scenario Generation and gRPC protocol Client (ETAS COSYM/ Communication Environment Simulation
Simulation (Roadrunner) Application Exe) (IPG CARMAKER)
1. SSE Initialization 1. Receive Traffic Actors Details
2. Download Scenario for traffic = X,Y,Z Position of each actor
vehicles
3. Get Actor list from RoadRunner * Rotation angles Roll, Pitch, Yaw
4. Initialize Carmaker " 2. Send Ego Vehicle Data
5. Get Ego Vehicle initial position

from Carmaker *  Position X,Y,Z

6. Get Timestep from RoadRunner »  Rotation angles at each simulation step
and send to Carmaker

7. Establish time step 3 Tlpe Step . .
.. Ll ime step value at each simulation
synchronization step
8. Data exchange of Ego vehicle and )
Traffic Actors between 4. Send Object Sensor data
RoadRunner 5. Receive Actuator Data

and Carmaker

9. Sensor and Actuator data
exchange between vECU
and Carmaker

20 Confidential | BGSW : SDS V&V team | 01-09-2022 BOSCH




File View Scene Camera Heip

=

Vhcl.sroad: 39m

Flle Application Simulation Parameters Sgtings Help
Car  Demo_Toyota_Camry

Tipical, unvalidated data for passenger car
with engine fuel consumpbon map

o —c
1D

Simulation Storage of Results.
Hlrealime | Mode &) coliect only
(038

ide

00

Distance: 0.0

Buffer: 336 MB. 607 5
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Co-Simulation framework:
RoadRunner and Carmaker

Actors Position Update

BOSCH
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Direct Variable Access

Quanty
ATameTo0n
AfTrameTo0yy
AfrramcTorn

| $itremcrory

i B Tratic o2
2TraticTo2ty

Value Una
546085
Mim
5m
s3tiim
210488 m

947472 m

R R R R ERNEE
SR T

00294868 mis

Set Group 1

8

Duraton {ms]

St Group2

1

1

Ralease all

© Sumulation Tool

SCENARIO EDITING




Co-Simulation framework: RoadRunner and Carmaker
Scenario Simulation: Vehicles Position Synchronization

Confidential | BGSW : SDS V&V team | 01-09-2022

u
o

Elapsed RoadRunner .3¢ I

m CarMaker - Direct Variable Access

|Sending

Elapsed RoadRunner
Elapsed RoadRunner
Elapsed RoadRunner
Elapsed RoadRunner
Elapsed RoadRunner
Elapsed RoadRunner
Elapsed RoadRunner
Elapsed RoadRunner

Clancad BasdBunnan

ready request

Carmaker Ego Velocity: ok
Received time from

- ]

™ M M M om M M M M M Mmoo

d->trafficdata
d->trafficdata

/

d->trafficdata 210.468
iding ready request from

d RoadRunner
ed RoadRunner
RoadRunner
RoadRunner

time: 1.

time:

RoadRunner t

RoadRunner
d RoadRunner
d RoadRunner
RoadRunner
RoadRunner
RoadRunner
RoadRunner
d RoadRunner

wWow W w

co

w
o

wow

n on_simulation_step event {

[

00 00

0 00 00

> YW
[

n_simulation_ste) eveni {

Direct Variable Access

Quantity
3| Traffic.TO0
3| Traffic.To0y
3 TrafficTO1
FTrafficTO1Yy
F[TrafficT021
¥ Traffic T2ty
¥|Eqo_Setvelocity

¥|AEB_Status
¥ cary

Value Unit
53.6236 m
531111 m
76.2426 m
531111 m
210468 m
95.8201 m

=2

LIS N B B B B B |
LT B N B I T B B O 1

0.0295232 m/s

=

Set Group 1 | setGroup? |

1
1
1

Close

G2 Mode Duration[ms] New Value

Set

Set | §

Set

Set

Set

Set

Set

set ||

Set

Release all




Co-Simulation framework: RoadRunner and Carmaker
Scenario Simulation: Time Synchronization

[ : I ——r—— ]
B P6Movie - ‘bano-c } - ; /D) SimpleCurve.rrscenario | RoadRunner_PRJ | MathWorks RoadRunner R2023 (] x

Hile' View! Scene Gamera. Help View ls  Assets  Window  Help SCENARIO EDITING  ~

CarMaker - Test: SimpleCurve - 'bano-c-0015u’ online Simulation

File Application Simulation Parameters Seftings Help

e 11 0 Veh | m

Maneuver

Simulation Controls

ar: Demo_Toyota_Camry > . »
Typical, unvalidated data for passenger car d f
with engine fuel consumption map

Continue

Trailer: - 005

Pacing to Slow Down Sit ulation

Storage of Results / f Step Size: 2| Max Time:
Perf:  ¥|realtime Mode: ¥ collegd ! . .

! i | Camera
sovs 00 | Lo , Traffic Vehicle ‘

Running Camera View Default editor camera
Time: 208

Jf Ego Vehicle
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Co-Simulation framework:
RoadRunner and Carmaker

AEB Controller Validation

BOSCH




Co-Simulation framework: RoadRunner and Carmaker
AEB Controller Validation: Approach 1 using Visual Studio

Using SSE APO
gRPC protocol Client Communication Environment Simulation

(Application Exe) (IPG CARMAKER)

Scenario Generation and

Simulation
(Roadrunner)

FMU
Interface

1. Receive Object Sensor Actors
Details
= X,Y,Z Position of each actor

R, ADAS ECU
elocity (Matlab AEB Controller)

2. Receive Ego Vehicle Data
= Position X,Y,Z
=  Velocity
3. Send Acceleration, Brake values
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Co-Simulation framework: RoadRunner and Carmaker
AEB Controller Validation: FMU inside Carmaker

A -
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Co-Simulation framework: RoadRunner and Carmaker

AEB Controller Validation: Approach 2 using ETAS COSYM

Scenario Generation and

Using SSE
gRPC protocol

Middleware

APO
Communication

Environment Simulation

Simulation
(Roadrunner)

29 Confidential | BGSW : SDS V&V team | 01-09-2022

(ETAS COSYM)

FMU Interface
Virtual CAN

ADAS ECU

(Matlab AEB Controller)

(IPG CARMAKER)

. Receive Object Sensor Actors

Details
= X,Y,Z Position of each actor
= Velocity

. Receive Ego Vehicle Data

= Position X,Y,Z
= Velocity

. Send Acceleration, Brake values

BOSCH




Co-Simulation framework: RoadRunner and Carmaker
AEB Controller Validation: ETAS COSYM Labcar Experiement

A \ B | c | D | E | E | 6
1 Test Scenario # Test Description

Ego/Host Vehicle is approaching
AEB_Scenario1 target vehicle when multiple
Obstacles are around the scenario.

B

CAR

Warning :
Activer (e . = ; ;
neey ]| {1 _
0 1 e
; 0000 ]| ; | Ie———— ;
e em| : nmetersi
Calibration Variables/HundredimphZone | | L) CRR
60000 - 2
© | | CallrationVariables ParkingPlace Vakue (| i ..1’::;:_‘.@/.\"&..._ X

SSRGS 314000/} - 1 L SR .-
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Co-Simulation framework: RoadRunner and Carmaker
Test Automation: Robot Framework

EXPLORER @ CarMaker.f @ Roa © CosimDemo.robot X

ADAS-VNV tests > & CosimDemo.robot

' *** Settings

Library ../libraries/CarMaker.py

> outputs Library . ./libraries/RoadRunnerProtos/RoadRunner. py

v resources

@ PlotLib.py

> _pycache__ *%% Variables ***

%@ CustomListener.py @{quantities} Driver.Steer.Ang Car.v DM.Brake
%@ embed_html.py
V tests

> _pycache__

® cm-api.robot CarMaker and RoadRunner Cosim Demo

® CosimDemo.robot
= requirments.txt This is a sample RTF test case to demonstrate CarMaker and RoadRunner co-Simulation
&= robot.bat

« OUTLINE Load RR Project D: /RoadRunner_Projects/Demo

Load RR Scenario D:/RoadRunner_Projects/Demo/Scenario/SimpleCurve.rrscenario
Export Scenario Files C:/Users/dve2kor/workspace/ADAS-VnV/outputs/Export/ CosimDemo

${actors}= GetActors
Log ${actors}

Load CM Project D:/CarMaker_Projects/RoadRunner_Carmakerll_Server
Load CM Testrun D:/CarMaker_Projects/RoadRunner_Carmakerll_ Server/Data/TestRun/SimpleCurve

Configure Variation ${quantities} normal erg buffer
Run Simulation
${result}= Get Simend Info

Log ${result}

L > TIMELINE
X ®@oA1
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Co-Simulation framework: RoadRunner and Carmaker
AEB Controller Validation: Approach 3 (Future Focus)

Scenario Generation and

Using SSE
gRPC protocol

MATLAB SIMULINK

Communication

APO

Environment Simulation

Simulation
(Roadrunner)

32 Confidential | BGSW : SDS V&V team | 01-09-2022

(Client as fmu/dll)

SIMULINK Interface

ADAS ECU

(MATLAB AEB
Controller) 2

(IPG CARMAKER)

Receive Object Sensor Actors
Details

= X,Y,Z Position of each actor
= Velocity

. Receive Ego Vehicle Data

= Position X,Y,Z
= Velocity
Send Acceleration, Brake values

BOSCH




Co-Simulation framework: RoadRunner and Carmaker
Benefits:

= |nteractive traffic simulation ensuring a realistic traffic environment

= Accurate traffic conditions for testing different traffic scenarios

Confidential | BGSW : SDS V&V team | 01-09-2022
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Questions?

BOSCH



Thank you!
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