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Virtual Validation Wl
FROM AD/ADAS TO POWERTRAIN

Billions of field test
kilometers

1) Image from BDD 100K dataset
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Methodology and Work Packages
TRANSFORM DATA TO INFORMATION

/Real Data Sets\

4 )
Scenario Mining

Baseline
Scenarios
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Automated
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Plausibility
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Data Aggregation and Processing ﬁ[//
FROM DATA TO SCENARIOS

Real Data Sets Scenario Mining

Trajectories Key Events Scenarios

.“\ » 7 N

[ Raw Data ]

Data
Processing
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Data Aggregation and Processing ﬁll/
DATA PROCESSING

[ S B ] Relevant sensors Digital reconstruc.tion of Dataset
« GPS * Number of vehicles e i R 5
- IMU  Position, velocity, etc. .« _,,«%
« Camera  Number of lanes !‘9 4, g;z
. LIDAR . ol S

Data Processing

Scene » Ego-
Extraction Localization

Scenario Reconstruction

Non-Ego-Actor
Tracking
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Scenario Mining and Generation of Baseline Scenarios ﬁ[//
FEATURE EXTRACTION
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Scenario Generation and Validation ﬂ//
FROM REAL-WORLD FEATURES TO RESULTS

Scenario Generation and Adaption System Validation
[ Feature ] Base- Test-
Data eno Scenarios

» e

I

SYEIENT Validation
Testing
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Sampling Adaption
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Scenario Mining and Generation of Baseline Scenarios
SCENARIO DEFINITION
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Scenario Generation and Validation
SAMPLING

Monte-Carlo Sampling
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Importance Sampling
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* Reduced number of samples
* Increased number of critical scenes



Scenario Generation and Validation ﬁll/
SCENARIO ADAPTION

* Implementation of (Multi-agent) reinforcement learning to provoke critical scenarios

_ Initial ~ ) Criticality
ISO 26262 KPls
EU7

Al

=
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Scenario Generation and Validation
SCENARIO ADAPTION

* Application of Multi-Agent CTDE Stabilized Discrete SAC
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Scenario Generation and Validation //
SCENARIO ADAPTION

e Evaluation on 20 iterations in 100 combinations

Crash rate Mean criticality
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Scenario Generation and Validation
SCENARIO ADAPTION

« Extension to Multi-Agent Setting

CommonRoad AST | Step 0/300 | 3 lanes | 2 agents

A
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Scenario Generation and Validation
SIMULATION SETUP

« Assed 19 simulators in a ABC-analysis - Mathworks Product Family
« Developed and Implemented DevOps-Driven Framework based on Git
* Implemented Parallel Computing (up to 1000 simulations in parallel)

MATLAB
SIMULINK _ —
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m -
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--------- pi=
Trigger
Pipeline

Pipeline
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Scenario Generation and Validation
RELIABILITY ASSESSMENT

* Implementation of exemplary System-Under-Test
« Assessment based on 25,000 simulations
* Quantification based on Wasserstein-Distance
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Transfer to Powertrain
DATA IS NOT DATA

(Suitable) Powertrain-Data is missing

Data Augmentation based on simulation model conducted

‘o L]

Real World Data Augmentation
Raw Data Powertrain- Powertrain
Model &;@ } Data
&

Scenario Mining

Trajectories \ Key Events \

Evaluation

Performance Results

0 | —-—

' Scenario
Generation :
Feature Data : Test-Suite ‘
| . Baseline

Data - Data Feature
Processing Analysis Extraction

Sampling [
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Results !

4

Adaption = Testing [ Validation =
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Transfer to Powertrain ﬂ//
FUNDAMENTAL DIFFERENT QUESTIONS

High Fuel Consumption due to:

* Rapid Acceleration
- Frequent Braking and Acceleration -
* Driving at an Inefficient Speed )

- Stop-and-Go Traffic | /\ N
- Unnecessary Delays T\

* Longer Travel Times | 'f \
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Summary and Conclusion

* Developed and demonstrated a
generic methodology for virtual
validation

* Analyzed potential of transfer to
powertrain domain

Next Steps:

KReaI Data Sets\

g R
Scenario Mining

* Demonstrate the extension AD/ADAS
data and validation into the powertrain

domain
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Outlook
BACKGROUND AND OBJECTIVES

Background:

* Vehicles and traffic flow interact with and
influence each other.

* Information on vehicle states and traffic flow
is essential for optimizing fuel economy.

» Collecting and validating data of vehicle and
traffic-flow in real-world is challenging.

« Simulation environments capable for
V2X traffic scenarios is required.

Objectives:

« Development of a reinforcement learning-based
energy management strategy for HEV

« Development of a simulation environment
including V2X function
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Outlook

BACKGROUND AND OBJECTIVES

150
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Environment

Fuel consumption model

| State >

~  Action

Considering the fuel economy improvement of HEV powertrain

Reinforcement learning-based energy management strategy using V2X information
Large-scale traffic scenario data is necessary for learning the policy

Verification of the proposed approach in Rapid Prototyping Systems (dSPACE)

Yol — ﬁ//

State

Motor efficiency
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Outlook
CURRENT STATE

- Traffic, driver, powertrain and vehicle are seen as the environment
* Fuel and electricity consumption are seen as the cost

r-— -~ -~ —-— ~ /7 7" r - -~ - -/ =/
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| Scenario Brak m Drive trg | System
Aﬁeda Strategy System
I : B Gentrg d
.‘ ‘ ,“ E I
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Outlook .c
U
CURRENT STATE

 Investigation of benchmark environment development using traffic scenarios
« V2X Information required for EMS and vehicle speed optimization

» Acquisition of route-wide traffic and infrastructure information through V2X

« CarMaker simulation using traffic information surrounding the ego vehicle

H
N

esiry JVII

Conventional method used in former research (series-parallel HEV).

e GPS: Distance traveled by the ego vehicle from start line

e [2V: Road grade (slope)

 [2V: Positions and signal states of the first and second upcoming traffic lights

e [2V: Speed limit

e V2V: Distance to the preceding vehicle and its driving states (speed and acceleration)
Control variables:

Vehicle speed, Torque output, Energy management (ON/OFF)

Target: ) ).

Fuel consumption, Travel time Depaturs ‘
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Outlook .cn
UN
CURRENT STATE

Physical Al: Detect Variability, Target Transients, Improve Fuel Economy
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Outlook .
PLANNED EXTENSION

cO
Z<

 Integrate traffic scenarios into a V2X simulation environment
 |dentify traffic scenarios that are critical to key performance parameters
- Upgrade the EMS control strategy through optimization based on the scenarios

%:

Powertrain

Control scheme

Billions of field test
kilometers
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