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Motivation and goals



Motivation e

Artificial intelligence (Al) methods are the key factor for the development and implementation of highly
automated driving functions.

Before Al functions can be implemented in vehicles, they must be comprehensively trained and
validated.

Training and validation of Al functions requires a high-quality and comprehensive database.




Current situation

Currentyl, there is no comprehensive database containing material that offers sufficient quality for the
training and validation of Al functions for highly automated driving.

So far, only isolated solutions are available for individual data types, sensor types, limited scenarios or
parts of the training and validation chain.

Furthermore, no integrated consideration of strengths and weaknesses of different data generation
methods has been carried out yet.



Current situation: data types and their properties

+

Exact reproduction of reality with maximum
sensor quality

Direct reproduction of special cases such as rain,
snow, etc., which are difficult to model

Real data

Synthetic data Systematic generation of diverse traffic scenarios
Safe modelling of critical situations
Automated generation of ground truth

Usage not restricted by GDPR

Combination of real data with the structured
generation of synthetic data

Augmented data
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Recording and processing are time-consuming and
cost-intensive

Labelling currently conducted manually with high
costs and effort

Traffic diversity can hardly be fully collected,
especially critical situations, e.g. accidents

Legal restrictions, e.g. GDPR regulations

Limited realism
Limited transferability of trained Al models to reality
Synthesis of Radar data not yet implemented

Costs for modelling, further development of
toolchains and computing power

Insufficiently researched



Project goal e

GOAL-ORIENTED METHODS
DATA BASIS AND TOOLS

Kl Data Tooling develops the complete data solution for the training and validation of Al-based functions

for highly automated driving.




Project goal
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GOAL-ORIENTED
DATA BASIS

Camera, Lidar, Radar
Real data

Synthetic data
Augmented data

Standards for the description
of sensor data
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METHODS
AND TOOLS

Processing
Augmentation
Data compression

Automated labelling of real data

z

OPTIMISED Al TRAINING STRATEGY
FOR AUTONOMOUS VEHICLES

Process model for data generation and methods to
automate and accelerate the development of Al
functions

Generation and validation of synthetic data

Corner Cases: detection and synthesis

Context identification and utilisation
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Methodological approach



Conceptual approach

Requirements < Optimised Al functions
: Training strate
Real data (Automatic) g gy
Labelling
Radar
Camera
Lidar N
"I Augmented data Methods and
tools for data
Radar :
"1 camera — Proces§1ng and —1 Structured,
: analysis holistic
. Lidar o
Synthetic data , training data
Radar 1
Cgmera Validation
Lidar

| Open standards / interfaces / exchange with the projects of KI Familie |
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Real data

Real data (Automatic)
Labelling

Radar

Camera

Lidar
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Real data in the project: database

Kl Data Tooling builds a comprehensive data base consisting of camera, Lidar and Radar data.
* Several test vehicles provide data recordings of various scenarios at different locations in Germany.

° In addition, real data will be collected at the research intersections in Braunschweig and
Aschaffenburg to support the validation of synthetic data.

ated
Driving

Test vehicles of the project Research intersection in Aschaffenburg
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Real data in the project: methods and tools t’
g

Based on the collected real data, the Kl Data Tooling project develops methods and tools for:

° The efficient processing and refinement of real data.
° The partially and fully automated labelling of real data.
° The identifications and utilisation of context for structuring, analysis and processing of real data.

Examples of real data: Lidar and camera images of a test vehicle
KI-DT standard presentation v1.2 12



Synthetic data

Synthetic data

Radar
Camera

, Validation
Lidar
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Synthetic data in the project: database

Kl Data Tooling generates synthetic camera, Lidar and Radar data.

The basis for the data generation are the synthetic images of the two research intersections and a scene
catalogue developed in the project.

A toolchain architecture for the generation of synthetic data is being developed and implemented in the
project.

Digital model of the reséafch intersection
in Aschaffenburg 14



Synthetic data in the project: methods and tools

The projects develops and investigates the following methods:

Metrics for the quality assessment of synthetic camera, Lidar and Radar data.

Concepts for the validation of synthetic camera, Lidar and Radar data.

Examples of synthetic data: Camera images on the left, Radar data on the right
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Augmented data

Augmented data

Radar
Camera
Lidar
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Augmented data in the project

The project generates augmented camera, lidar and radar data.

Augmentation methods for camera, lidar and radar data are developed.
With these methods, real data is augmented with synthetically generated objects.

Methods and metrics for quality assessment of this augmented data are developed.
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Efficiency potentials of data provision and use

Methods and
tools for data

Processing and
analysis
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Efficiency potentials of data provisioning and use

In the project, different approaches to increase efficiency in data use are investigated. Methods and tools

are developed for:

The automated detection and synthesis of corner cases.
The efficient compression and storage of data.
The abstraction from sensor systems.

Camera and Lidar data of an urban street scene
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Optimised Al training strategy

¢

Optimised Al functions

Training strategy
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Optimised Al training strategy

- Optimally and efficiently trained Al functions for highly automated driving.

The database created in the project serves as the basis for the development of Al training procedures.
The potentials of using different data combinations (real, synthetic, augmented) in different phases of
training and validation are identified and evaluated.

The transferability of models that were trained with synthetic and/or augmented data to reality is
evaluated.
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Standardisation activities and demonstration of results

The project contributes to standardisation activities related to data and its description, labelling
specifications, interfaces and scene description formats.

For the presentation of the project results, demonstrators will be built to visualise the role of data in Al-
based driving functions.

Camera data and their semantic segmentation
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Consortium and project structure



Kl Data Tooling - The Data Kit for Automotive Al
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Project structure

KIDATA

TOOLING

The Data Kit for
Automotive Al

TP1 Bosch

Validation of synthetic sensor
data

TP2 BMW, Uni Kassel

Qualitative requirements and
efficiency potential of data
generation and provisioning

TP3 Valeo

Methods and tools for the
recording and refinement of
raw data

TP4 Continental, DLR

Guidelines and transferability

TP5 BMW

Project organisation

AP1.1

Relevant aspects:

Data generation and quality
assessment

AP1.2

Toolchain adaptation and
provisioning of synth. radar
data

AP1.3
Validation of the sensor
impression
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Optimised training strategy
using synthetic, augmented
and real data

AP2.1 AP3.1

| Abstraction of sensor ' | Development of methods
systems and tools for autolabelling
AP2.2 AP3.2

Recording real data

AP2.3

Generation and selection of
corner cases

AP3.3
Processing training data

AP2.4
Compression of sensor data

AP3.4
Augmenting real data

AP3.5
Identification of context

AP4.1
Requirements and
use cases for safety goals

AP4.2
Interfaces and formats

AP4.3
Methods toolbox and
toolchain

AP4.4
Evaluation and
demonstration

AP4.5

Exchange, harmonisation,
further development

and usage

AP4.6
|| Preparation of results for a
potential Al platform

AP5.1
Management and
coordination

AP5.2
.| Dissemination
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Overview of project milestones

2020 2021 2022 2023

Mo1 |Mo2 [Mo3 [Mo4 [mos [mos [Mo7 [mos [mos [m10|m11] ... [M21|m22 [M23 [M24 [M25 [M26 [M27 [M28 [M29 [M30 [M31 [M32 [M33 [M34 [M35 [M36 [M37 [M38 [M39 [M40 [M41 [M42 [M43 [Mma4 [mas
MS1: Basic toolchain for MS3: Complete data sets of
synthetic data and validated synthetic and real
availability of first processed data

real database

MS2: First iteration stage for MS4: Data preparation toolchain, evaluated training
toolchain and data generation strategy and demonstration
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Kl Data Tooling as part of the Kl Familie



Kl Familie and its projects

KI

Kl WISSEN Development of , FAMILIE KiI ABSICHERUNG Methods

methods for the integration of and measures to safeguard Al-based

knowledge into machine learning perception functions for automated
driving

Kl DELTA LEARNING

Development of methods and tools

for the efficient expansion and <« Kl DATA TOOLING Methods

transformation of existing L and tools for the generation and

Al modules in autonomous vehicles refinement of training, validation and

to meet the challenges of new safeguarding data for Al functions in

domains or more complex scenarios | autonomous vehicles
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Kl Data Tooling in connection with the Kl Familie

_- __ 7
» WISSEN
Extract and
Physical, normative integrate
and expert | KNOWLEDGE
knowledge
Validation data Training
A-Data
Refinement

Real, augmented

. \J KIDATA
and synthetic data TOOLING
Generate

and provide
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The

KI

ABSICHERUNG
Data driven and
stringent safety

o KIDELTA

JH NING

K

FAMILIE
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Contact



Contact

Project coordinator
Hans-Jorg Vogel

BMW Group
ki-dt-koordinator®@eict.de

Project management
EICT GmbH

EUREF Campus Haus 13
Torgauer StraBe 12-15
10829 Berlin

ki-dt-projektmanagement®@eict.de
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KIDATA

TOOLING

The Data Kit for
Automotive Al

Kl Data Tooling is a project of the Kl Familie. It was initiated and

Supported by:

% Federal Ministry
#8° || for Economic Affairs
and Climate Action

developed by the VDA Leitinitiative autonomous and connected
driving and is funded by the Federal Ministry for Economic Affairs

on the basis of a decision
by the German Bundestag

and Climate Action.

www.ki-datatooling.de YW @KI_Familie [fJJ KI Familie
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