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KOOPER.
HOCHAU TOM T ISIERTES FAHREN

Elaae Aggregation of HD
AAVIEIW Map Data
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Initial HD map
(Protobuf)

l

HD Map Updates from Fleet Data KI:I HI:IF

Input drives

Data preparation

KOOPERATIVES
HOCHAUTOMATISIERTES FAHH EN
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and partitioning Submaps Merged SLAM Associated B
@ graph SLAMIgraph E
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consolidation Consolidated > Consolidated
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Change areas
(polygons) .
Initial HD map
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Change Detection Case: Dudenhofen Detour Kﬂ H|:|F

KOOPERATIVES
HOCHAUTOMATISIERTES FAHREN

= (Case study , Initial Safety
Server HD map with

detour”:
=  Detour part on the straight
(geometry)

= Same number of lanes
(topology)

= Lane markings shifted

= Vehicles send data that

should be detected as
changes

This and the following map visualizations were generated with QGIS: http://qgis.org/ _“/‘/‘Q GIS
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Fleet Data Preparation Ko- HFlF

KOOPERATIVES
HOCHAUTOMATISIERTES FAHREN

E P Data preparation

Input drives -—’- and partitioning |

[ L2

= Data from vehicles contains
observed features (here: Lane
markings)

= But also artefacts

= |n vehicles, data can be classified
according to a confidence value

= Data preparation filters the
features based on this
classification and other constraints

= Aim: Less, but better data
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SLAM Graph Creator, Association and kn_i_":"_._.

Opt| mization
SLAM graph Data association
_ creator Merged SLAM and optimization
.’
‘ &A‘;\’ graph \\
\\\ :
\\.':‘:‘\‘ :
\\ = SLAM graphs are a state-of-the-art
'\.\._\ ) approach to model trajectories

and observations of robots

= Based on these graphs, an
optimization can be executed with
the aim of adjusting the data
under the observed and modelled
contraints

" Fleet data is transformed into
SLAM graphs in the pipeline to
allow an aggregation and thus
comparison of data from several
drives
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SLAM Graph Creator, Association and
Optimization

Ko- HFlF'

KOOPERATIVES
HOCHAUTOMATISIERTES FAHREN

SLAM graph Data association
creator Merged SLAM » and optimization

&A} graph

%,

Fleet data from different
drives is usually inconsistent:

=  Varying localization quality

= Qcclusion leading to missing features

=  Sensor artefacts and classification

= Differing trajectories

SLAM graphs allow to compute
the consistent parts (association)

This is done based on observed
features, trajectories and models
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SLAM Graph Creator, Association and K : .
C ’ n.HnF.
Optimization L e e ™

SLAM graph Data association
_ creator Merged SLAM » and optimization
A;\/ graph \
- A

= Association of multiple
drives
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SLAM Graph Creator, Association and KI:I HHF'
Optimization

SLAM graph Data association
creator Merged SLAM » and optimization

&A} graph \

S

= Optimization of associated
graphs
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Area Filter and Consolidation

Ko- HI:lF

KOOPERATIVES
HOCHAUTOMATISIERTES FAHREN

Area filter Drive
consolldatlon

On this associated graph, an area
filter is applied to determine
consistent areas of the drives

(polygons)
These polygons and the respective
graph are then consolidated

Consolidation is based on statistics
and geometric approaches and
produces an aggregated view on
the features

This filters out false positives and
allows to consider partly occluded
areas
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KOOPERATIVES

HD Map Updates from Fleet Data KI:I HI:IF

Input drives

Data preparation
and partitioning

HOCHAUTOMATISIERTES FAHHEN

Avrea filter

Merged SLAM

Submaps Associated
@ graph " sLaMlgraph > E
- Consi Areas (Polygons)
Drive
consolidation Consolidated ’ Consolidated
SLAM graph

Change areas
(polygons)

Initial HD map
Ground truth Avrea filter (Protobuf)
extraction b
Initial HD map Submaps SLAM graph
(Protobuf)
©
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Association of Consolidated Drives with KUH F
Initial HD Map and Area Filter e e B

a

Area filter

=

; : i = Necessary steps: Preparation of the
: 5 ! initial HD map (extraction and SLAM

graph creation)

= Change detection mainly consists of
the association of extracted initial
HD map graph with the graph of the

' ! consolidated drives in consistent

T s s ! areas

= Assumption here: In changed areas,
drives are consistent to each other
and inconsistent to initial HD map

= The area filter outputs these
changed areas

Data association

2,

Associated
SLAM graph

Reference
graph

New Session graph 1

New Session graph 2
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Association of Consolidated Drives with KI:I H|:|F
Initial HD Map and Area Filter

Map update

X

= Final step: For each changed
area, the consolidated drives
are merged into the initial
HD map

= Current limitations:

= Geometric and topological
representation without potential
semantics as contained in the
initial HD map

= Handling of outdated parts is
treated conceptually only
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HOCHAUTOMATISIERTES FAHREN | |
Y\

Additio

nal Change Classes KUHHF

Additionally detected
changes include areas with
changed lane marking types
(depicted) and traffic sign
occurances
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TYGTeA Aggregation of data from cellular
AAVEIY networks

Measuring key network parameters to enable robust
communication for Highly Automated Driving
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Highly automated cars are consumers and - - .
Ko-HRF
producers of data e s i ™ B
= Sensor data provider for backend services Data-processing

Backend

(update traffic/map data)
= Consumer of traffic/map data RN
(from backend — federal / OEM) N
* To realize safe and convenient driving e

= Comfort services like infotainment
(streaming, ...)
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Problem for Services: Mobility K|:|H|:|F

() B () () g/ﬁ\&
|

How to obtain network quality data
from all those areas?
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Connectivity as Layer in the HD-Map

KOOPERATIVE

u
|
n - -
s | | N |
oc OMATISIERTES FAHREN

. o Surfgeschwindigkeit im DB-Streckennetz ERHINEE
u M a p can p rovi d e a —p riori kn OWI Ed ge Durchschnittlicher Wert pro eingeloggtem Passagier INSIDER

of cellular network quality

= Deutsche Bahn collected such data i 0 g it
for their network 5 v (1
h-;\\ . v’-
= Similar map can be created by (Rl A 7= 1 e s e
. { W 32100Kbits
Veh ICIES - p- Twitter, Maps, E-Mails, Webseiten
7 : ?A't;im';:ling und Skype
A i
. . . "._ | ide eammg
= \ehicles can share information ; -
Y Videos in HD
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Ko-HAF Setup — Ko-HAF

KOOPERATIVES

= \/ehicles can measure the available W
network quality

= Onboard communication module
provides all necessary quality
parameters

= |Information aggregated on Safety
Server

= Key Performance Indicators

= Data throughput
(upload/download)

= |atency
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HOCHAUTOMATISIERTES FAHREN
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Detailed investigation of measured throughput KI:I HFIF

KOOPERATIVES
HOCHAUTOMATISIERTES FAHREN
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Download Throughput Ko-HAF Test Area KI:I HFlF'

KOOPERATIVES

HOCHAUTOMATISIERTES FAHREN
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Connectivity Layer in HD-Map KUHHF

KOOPERATIVES
HOCHAUTOMATISIERTES FAHREN

= We consider connectivity
information as a further layer in the
map

= \ehicles can share such information
with each other through Safety
Server

= Provides information for e.g. further kf_ Sr—
data scheduling algorithms /%

Frontend (Fahrzeug) Safety Server

= Enables robust communication
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Live Visualization in the “Glashaus” KO- HFlF

KOOPERATIVES
HOCHAUTOMATISIERTES FAHREN

= Further details and discussions
= Technical aspects of the cellular network

o Modulation and Coding Scheme
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© OpenstreetMap Contributors
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Thank you
for your attention!
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