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Introduction

Today’s driver assistance systems stop working
in harsh environmental conditions like rain, snow or sun-flare.
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RobustSENSE Vision

Overcome the limitations of existing sensor systems
and provide enhanced sensing capabilities.

\\‘

A robust and reliable platform for automated driving

¥ ensuring safe and comfortable travel

¥ under all existing driving conditions

¥ introducing adaptability to failures on every system level

¥ taking an integrated system approach
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RobustSENSE Consortium
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Sensor Intelligence.
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RobustSENSE Facts

¥ Duration: June 2015 - June 2018

¥ Program: Horizon 2020 - ECSEL

¥ Budget: € 10.7 million, thereof €3.3 million EU funding
¥ Coordinator: Dr. Werner Ritter, Daimler AG
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RobustSENSE Platform

function
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RobustSENSE Platform
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o ¥/ RobustSENSE PLATFORM

Enable better system operation by combining independent
subsystems to an integrated and comprehensive solution.
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The RobustSENSE Approach

Understand the data
Combine the data and make a decision

Collect input from
environment

PROBABILISTIC PROCESSING PERFORMANCE ASSESSMENT SPECIALISED TECHNOLOGIES




Concept of the sensor platform

Different
harsh
conditions

Fuse all
input to
one
model

Deal with
uncertainty

Plan safe
actions under
current
conditions

Steer functions
and vehicle
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Mid-Range
Radar

Long-Range
Radar

Sensor data processing and information fusion
. Raw data analysis of all sensors
. Deliver consistant environmental model

Scene understanding and planning

. Situation and behaviour prediction
. Planning of provably safe trajectories

Functions
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System
performance
monitoring

. Measure
reliability and
uncertainty

. Improve future
data acquisition
. Decision on
function
availability and
degradation



Layers of the RobustSENSE System

Trajectory planning System v Relating to the data and
performance information flow within an
monitoring : .
intelligent sensor system

¥ Reacting to real world

Behavioural planning

Situation prediction conditions

¥ Managing diversity and
Scene understanding CompleX]ty
Information fusion ¥ Horizontal task: System

performance monitoring
¥ Enables overall system
assessment
¥ Drawing conclusions
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RobustSENSE Structure

Work package 2

: PP Z Fraunhofer
Requirements and specification FOKUS
Work
package 1 Work package 3 .
Project Environment perception Cﬁﬂi@ uu I m
ERE[ER
ment
Work package 4 =
Situation understanding DAIMLER a"

and planning

Work package 5

Integration and validation

DAIMLER
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Key Achievement:

Innovative System Architecture

UNDERSTANDING AND PLANNING LAYER

Scene Situation Behavioral Trajectory

understanding prediction planning planning Overall

algorithm
performance
assessment

Performance
assessment

Performance
assessment

Performance
assessment

Performance
assessment

Environment model

High level fusion and tracking

Performance assessment

Fusion
performance
Functional Functional assessment

module 1 module m

Performance
assessment

Performance
assessment

Sensor 1 Sensor n

Performance
assessment

Performance
assessment

| |
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\\w Continuing functionality
guaranteed

System performance
assessment

\\v Sensor-set independent
and modular

\\v Adaptivity to input
quality on every layer
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Key Achievement: Upgraded Sensor
Capabilities with 1550nm Lidar

\\v Increase in range by
up to 2.5 in bad
weather

\\v Superior performance
under foggy conditions
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Key Achievement: ECA (Environment
Condition Assessment)

Focus on Dry/Moist/Wet/Flooded

\\v Classification of road
condition
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Key Achievement: Fusion Layer

Environment Model

High Level Fusion

Object-free Object-based

Modell Meodell

Ego Motion
Grid Mapping
Localization
Street Topology

Object-Tracking
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\\v Environment condition
assessment included in
e sensor performance
Assessment monitoring

\v Probabilistic assessment of
object state uncertainty and
existence

Sensor Layer \\‘ Performance assessment Of
fusion components
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Key Achievement:
Handling Non-Compliant Behaviours

¥ Existing Systems assume compliant behavior

\\v RobustSENSE system should
consider non-compliant
behaviors

_<>>

\\v Systems react early with
decisions that are probably
comfortable and certainly safe
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Key Achievement: Simulation Framework

Validation Input

— : . Understanding and Planning layer,
-, o # =

e N N

- Functions. Function: ACC + LKA

\\v Use of augmented

generic sensor models

\\v Adverse weather
always available

\\v Simulation especially in
adverse weather and
challenging situations
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Key Achievement: SPAM (System
Performance Assessment Module)

SENSOR
LAYER

FUSION
LAYER

UNDERSTANDIN
G & PLANNING
LAYER

System
Performanc
e
Assessment

Module
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v Problems that have not
been detected in one
of the layers can be
identified in the
overall SPAM

v Autonomous functions
are still available even
when system is not
performing at 100%



Impact

¥ With the RobustSENSE platform the vehicle’s automation system is better
aware of its state and fully reliable. With this the next automatic driving
system generations have come way closer.

¥ With enhanced performance and functional range of systems the
consortium partners bring highly automated driving systems to the market
and build a competitive advantage.

¥ RobustSENSE has shown that full-automation in all weather conditions is
possible and hence paved the way towards road safety, reduced CO,
emissions and enhanced driver comfort.

RobustSENSE systems are robust and reliable,

key factors ensuring Europe's competitiveness in automotive markets.
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Final Event Featuring

¥ Presentations underlining the key developments and technical highlights
from different work packages.

¥ Exhibition presenting the RobustSENSE sensor platform prototype, and
videos and posters describing it in more detail.

¥ Driving demonstrations showcasing different modules of the RobustSENSE
sensor platform.

¥ Chance to network and discuss with industry experts, scientists and
political representatives.

. \ 4 in

@RobustSENSE www.robustsense.eu RobustSENSE
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