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Data Flow
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4—— Vehicle owner specific - activities in SP6 > ¢

Categories of data:

1 Derived Vehicle Data (CAN, GPS, Pls, video, and/or video annotations)
2 Subjective Data (interviews, questionnaires, simulator studies)

3 External Data (weather, map, ...
4 Open Data (aggregated data)
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L3Pilot Common Data Format
Signal Requirements

RQ Level 3 Logging i ! sensors F q
The ADF will work as expected in its planned driving and traffic Yehicle data + additional data sources (if ir ion are | Si 3 i itudi i " L L
scenario not provide by the car) driving scenario and situation variables Re S e a rC h q u e St I O n S S p e C I fl e d
Vehicle data + additional data sources (if information are . distributi longitudinal velocity per
How often do unespected take-over requests ocour? » 3s 4 bron g
not provide by the car) driving scenario and situation variables

Does the funotion initiate 3 take-ouer tequest il required bythe | Vehicle data » sddiional data sources (i information are | System status, distrbution of langitudinal velocity per

ks subie with Iogging requirements by

Distribution of difference between speed and speed limit,
distribution of distances to other objects, frequency of

s Methodology Partners

Distribution of lateral and longitudinal acceleration and

‘What is the impact of ADF on the frequency of traffic violations?

How do take-over situation affect the driving dynamics of the

wehicle? welocity
Whatis the impact of ADF on langitudinal acoeleration in defined Distribution of logitudinal acoeleration
driving situations?

whal is the impact of ADF on lateral acceleration in defined

Distribution of lateral acceleration

Eremal Precipiati Precipiation T TThe intensity of precipitation atth e step T = H H
Ego vehic Steering z SteeringRackForce [} i lied by the EPA: : ing rach 00N near 1 -1 -1 <1 A 1 -1 A A Ig n a S e rl Ve a n Se n
Ego vehic Vehicle ba VehiclebasedNORA - Typeofnon-d lated driver using a linform: 1 - 4 1 a4 a4 7 4 a4 a7
Esternal Levelof se LOS - Thelevelof senice accordingto LOS A (0)to LOSF (S), not applicable (6 1 - 2h -1 -1 - 4 2?2 1 41 7 A . . . .
Esternal Traffic den TrafficDensity ehicles ! ki Number of vehicles per kmin a bounding box around the vehicle 1 lvehiclestkmzoh -1 -1 -1 -1 -1 1 4 ? 2 h P I
i T R B OUTt 1O discussion wi 1[0)
Esternal Distance t Distintersection m 0 - near <1 -1 -1 -1 -1 1 -1 -1 -
External Priority rule |yideo  Back outsi Back outside view - Driving scene in behind the vehicle; angle should be wide enoughto see ¢ 1n fps 6401480 T >  °  H 1 1 1
Ego vehic Energy cor |Exuternal Speed limit SpeedLimit mis  The speedimit at the current location of the ego vehicle 0.1mis 2oh 1 1 1 =A71 1 111 L e a d e r S
Objects Heading  |Ego vehic ESCinterv: ESClntervention - hetherthe Electranic Slip Control ! Traction Control systemis intervening 1n - zoh (NSRRI TR A Y 2 S
External Road surfz |Ego vehic Steering w SteeringAngleRate radls  The turing rate of the steering wheel 10 0.1radls linear 1 1 1 1 1 1 1 i 1
Ego vehic Rear wiper |Objects 1D [} - Unique ID of the object 10 - 1 1 1 il 1 1 ? il 1
Estemal Precipitatic | Objects  Longitudin LongPasition m Postionafthe obiect nlangtudinal drectionin th di 0 0Im lnear 11 1 1 1 1 2 1 1
External Constructi | Objects  Lateral pos LatPosition m  Position of the obj I dir inthe ego coordinate system 10 01m linear 1 1 1 1 1 1 ? 1 1
Meta dat. Driver D DriverlD - The diiverID). Codingis up to the OEM - should be agreeduith selectedp: - - G TR T [ T ©
Meta dat. Test site ty TestSiteType - Type of test site for the trip. - il 1 1f 1l 1 1 1 7 1
Meta dat. Eligible for AnalysisEligible - ‘hetherthe logfile should be used for analysis. For example, logfiles may - - G1INN T  TAR ( 1A N » |
Ego vehic Time Time s UICtimestamp since epoch 0 Olseconds - 1T S R 1 | | A ST
Ego vehic Odometer Odometer km  The vehicle odometer reading 1 000tkm  fnear 1 1 1 1 1 1 1 1 1
EgovehicSpeed  VehicleSpeed mis  Speedofthe hicl dbythe ABS ! wheelsensingmodule 10 0.1mis linear TN I R S
. ] ADFunctionActive - 1 1 1 1 1 1 1 1 -1 l 1
Available signals assessed and i - 1 R e
TOR = il =i| 1 1 1 1 1 1 =i ? 1
. Front'WiperStatus - 1 1 1 1 1 1 1 1 1 1 1
f f D F FrontFogLightStatus | - 1 1 1 1 1 1 1 1 1 1 1
IXe O r O l I I l I lo n a a O rl I la RearFoglightStatus - 1 1 1 1 1 1 il 1 1 1 1
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L3Pilot Common Data Format
Requirements

 Portability EEE ROS

» Transfer of data from vehicle owner to analysis partner [5]
« Compatibility EB
- Many different platforms used by vehicle owners o
- Many different languages used in development and analysis [6]
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L3Pilot Common Data Format

- Many file formats were checked P
” =
metadata
- Hierarchical Data Format (HDF) was selected -/ — e
. E E § metadata
 Portable, binary format miEtada SRR

\

« Compression optional

dataset

1 L
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* Open source and free to use =l =

metadata metadata [8]

 Available for many platforms & languages
 Windows, Linux, ...
« Matlab, C/C++, Python, Java, ...
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L3Pilot Common Data Format
Structure with Vehicle Signals

ego- .
Vel objects
PL pL

L3Pilot CDF File

metadata

laneLines positioning
PL PL

PL — Pilot Leader 7

Ipi'ﬂt Data
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L3Pilot Common Data Format
Structure with Vehicle Signals

L3Pilot CDF File

ego- obiects external- Scenarios derived-
Vehicle J Data Measures
PL PL PL/PDPP PDPP PDPP

metadata

laneLines ositionin annotations performance-
P : Indicators
oL PL PDPP PDPP

PL — Pilot Leader % PDPP — Pilot Data Processing Partner

Pilot Data
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L3Pilot Common Data Format (L3Pilot CDF |

 The CDF is made available to the public via Github:
I13pilot/I3pilot-cdf

13pilot / 13pilot-cdf OUmsch+ 1 frse o Yrex o
©Code O lssues 1 Pull requests Actions (7] Projects Wik Security Insights 1 Settings
L3Pilot Common Data Format
€ i-hiller Updated link to CDF paper essdfor on10Aug D 11 commits
awtomstedding  plot  hdfs st
code Delete CONTRIBUTING md from python 14 months ago sgnels ot cdf
examples Added example fle in version 0.8 1Umonthsago [ Readme
tools/13Q Added 13Q tool for quality checking lamonthsago gy MIT License
O giignore Added readme on cdf 14 months ago
[ CHANGELOGmd Added readme on cdf 14 months ago Releases ¢
O ucense ‘Added readme on cdf 14 months ago © Version 0.8 of L3pilot COF {Laicst
on105en 2019
[ READMEmd Updated link to COF paper 2 months ago
O formatmd Added readme on cdf 14 months ago
Packages
HERDKiEmd » No packages published

Publis your fist package

L3Pilot Common Data Format (L3Pilot CDF)

Languages

The Common Data Format is developed in the L3Pilot project.
L3Pilot joins the forces of 13 European car manufacturers to boost the deployment of automated driving in-vehicle
functions on European roads. Together, European automotive industry, suppliers and researchers will pave the way
for large-scale field operational tests on public roads creating a harmonized Europe-wide testing environment

- Everyone is invited to use the format and contribute to it
« Use open source tools and formats to facilitate use in other

projects

* Detailed information on the format can be found on NHTSA
website (public access)

« “The L3Pilot Common Data Format — Enabling Efficient
Automated Driving Data Analysis”

THE L3PILOT COMMON DATA FORMAT - ENABLING EFFICIENT AUTOMATED DRIVING
DATA ANALYSIS

Johannes Hiller
Institute for Automotive Engineering, RWTH Aachen University
Germany

Erik Svanberg
SAFER Vehicle and Traffic Safety Center at Chalmers University of Technology
Sweden

Sami Koskinen
VIT
Finland

Francesco Bellotti, Nisrine Osman
DITEN - University of Genoa
Italy

Paper Number 19-0043

ABSTRACT

Analyzing road-test data is important for developing automated vehicles. L3Pilot 1s a European pilot project on
level 3 automation, including 34 partners among manufacturers, suppliers and research institutions. Targeting
around 100 cars and 1000 test subjects, the project will generate large amounts of data. We present a data format,
allowing efficient data collection, handling and analysis by multiple organizations.

Anroiect of b meof I3Pilot iovgolias sanone chall Data come from 2 oultinnde of b

P
1 3. 1 0 .2021 3Dr'ivmg Automation

Data



https://www-esv.nhtsa.dot.gov/Proceedings/26/26ESV-000043.pdf
https://github.com/l3pilot/l3pilot-cdf
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Conversion of raw data to
L3Pilot Common Data
Format (CDF)

A 4

Quality check on convert
data

Pilot Leader
transfers converted

data to Pilot Data
Processing Partner
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Quality check on converted data

A 4

Run Derived measures (DM) and scenario

scripts

[/

A 4

Video annotation based on generated DMs and
Scenarios

A

[/
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Run Performance Indicators (Pl) scripts

\ 4

Aggregate enriched data

i)

A 4

Upload aggregated data to consolidated
database (CDB)

y

Query aggregated data from consolidated

database (CDB)
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Data Quality Checks ﬁ@ Pilot Leader

Collect raw data from
RA vehicle

HR

* List of common data quality mishaps and tests :
. Q@% Quality check on raw data
- Best practices e
- Pilot Leaders encouraged to follow checks Conversion of raw data to

'\ L3Pilot Common Data
Format (CDF)

» Consisted of 28 mandatory and 4 optional checks

« Sensors, Enumerations and Format

@é)% Quality check on convert
. &= | data =
« Aggregated Data and Scenarios s ® l
* In the end, some data quality issues were still discovered Pilot Leader
during evaluation phase transfers converted
g P data to Pilot Data
. . . . P ing Part
- Very time-consuming, if vehicle data must be re-processed fore e

13.10.2021 % Pilot Data



L3Pilot Data Tools
Development

& Data Engineers %
Various software tools were developed and improved and Developers
within L3Pilot

2481 single commits to the Gitlab Server in 21 repositories

>
« Over 2 commits per day on every weekday in project g

duration ot )
7 — \

Nearly 700 issues opened, discussed, fixed and closed

. 0000 '
* International team of over 20 developers ﬁ@ PilotLeader ¥ %,¥( Evaluation Partners

N U
U O

# Commits

o

2018-16
2018-26
2018-36
2018-47
2019-06
2019-16
2019-26
2019-37

019-47
2020-07
2020-20
2020-30
2020-41
2020-51
2021-09
2021-21
2021-35

N
Week of Year
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Pseudonymization Process

Personal information

David Davidson 001 1a064a72...1afe5341 Male Earth Master table Of partiCi pants
Stan Stanson 002 b2452fbb...02753647 38 Male Mars WhICh only PIlOt Leader haS
Nelly Nelson 003 339b0d9a...212960be 29 Female Venus access tO

_Bs _ SHA256 Driver ID is only link between these
S| &
- ()] Start timestamp | End timestamp Trip ID (SHA256 of start
CICJ QO “- timestamp + salt)
2 S 2019-04-23h5 1530364502574 1530364652474 1a064a72 | 691ea24d...b79b5524 H5 data for Pilot Data
S CDU 2019-04-24h5 1530364651438 1530364677843 b2452fbb | 4a8c43dd...1d228db6 Processing Partner
O 2019-04-25.h5 1530364651778 1530364651234 339b0d9a | dcOd005d...4e26967a
}
Consohc;lated database 69108244
(Consortium has access) AaBed3dd

dc0d005d

Pilor @
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Consolidated Database
Overview QO piotData

13.10.2021

[}E‘JZ) Processing Partner

Interfaces for storing, managing and retrieving vehicular
measurements.

Big data management based on non-relational database
Includes run-time checks for data integrity
User roles, to guarantee the needed confidentiality levels

Made available through cloud provider
Tools for accessing and up- and downloads available to l &

evaluation partners 0000
[’m\YhJY’m\YhJ\ Evaluation Partners

The L3Pilot CDB is a configured instance of the open source
Measurify 10T development framework: hitps://measurify.org/

; Eﬂ/ﬁlgﬂgmaﬁon D a ta



https://measurify.org/
https://measurify.org/

Conclusions

Collaborative work of over 20 international developers

Developed a harmonized Common Data Format used by pilot leaders and pilot
data processing partners

Made Common Data Format open source and available to interested parties

Developed a set of harmonized tools for converting, transferring and evaluating
piloting data

13.10.2021 7 Pilot Data
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Thank you for your kind attention.

Johannes Hiller
ika RWTH Aachen
johannes.hiller@ika.rwth-aachen.de
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