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Autonomous
vehicle generates
up to
20 TB per day
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autovia

Autonomous driving development is a data challenge!

Real world driving and simulation of autonomous vehicles
generates petabytes of data per day

/
A 2]
Simulation y
2]
Petabytes
/
of sensor e
data and
. . /
simulation e
Real world results >
driving /@

Autonomous vehicle generates up to 20 TB per day

© Autovia GmbH 2019 | Confidential & Proprietary | www.autovia.ai

Hard to collect quality data
Long running algorithms
Small throughput

No version control

Infrastructure complexity



Petaflop/s-day (Training)
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AlexNet to AlphaGo Zero: A 300,000x Increase in Compute

e AlphaGo Zero

° AIpha’Zéro

e Neural Machine Translation
o Neural Architecture Search

oTI7 Dota 1vl

e Xception

VGG e DeepSpeech2

®Seq2Seq e ResNets

e GoogleNet

e AlexNet ® Visualizing and Understanding Conv Nets
e Dropout
eDQN
2013 2014 2015 2016 2017 2018 2019
Year

https://openai.com/blog/ai-and-compute/


https://openai.com/blog/ai-and-compute/

CruIse

Testing at Scale

e 200,000+ hours/day
e 30,000+ VM instances
e 300,000+ CPU cores
e 5,000+ GPUs

e 3regions, 10 zones

e 300TB/day of results

https://www.youtube.com/watch?v=NGXZ-mYqgyUo



https://www.youtube.com/watch?v=NGXZ-mYqyUo

' @ 3 Working with large ROS bag fil X +

ro S h a d O O p &« C & discourse.ros.org/t/working-with-larg bag-fil hadoop-and-spark/2314 ® T o H
—

ROS Resources: Documentation | Support | Discussion Forum | Service Status | Q&A answers.ros.org

21ROS oo e

Rosbag | nputFormat iS an open source Working with large ROS bag files on Hadoop and Spark

splittable Hadoop InputFormat for the

i jan 24 Jul'7 Jul 2017
rOS bag fi I e fo rm at Large amount of sensor and robotic data is produced by the industry at an ever increasing peace. Be it 1/14

from areas like mobility, perception, smart factory or from development tools through planing, modelling Jul 2017
or simulation.

New effervescent robotic topics of research like self driving cars put pressure to develop new tools and

techniques to deal with larger and more complex data sets. Some projects and industry players publicly
announced the adoption of ROS as part of their process.

'Y X ) APACHE & @ h d On the other hand, Hadoop and Spark Ecosystems are seeing a tremendous adoption for processing
o000 S Ork Q A a Bap and analysing large data in parallel. (The Apache Hadoop software library is a framework that allows for
[ X N ] the distributed processing of large data sets)

Why process large ROS bag files in parallel?

Rosrade |2 2] rosoon |2 Apr 11

sensor firer M

Requirements C]m EEEREE
ROS installation on each node =
Manual index extraction

HDFS and Spark installation

s | B3 =

8 Hz
sensor

Release July 2017 with Apache 2.0
created last reply 13 4.7k 8 3 7 e
3 Jui1z @ Apr 11 replies views wusers likes links ‘ W bt

https://discourse.ros.org/t/working-with-large-ros-bag-files-on-hadoop-and-spark/2314



https://discourse.ros.org/t/working-with-large-ros-bag-files-on-hadoop-and-spark/2314

ros hadoop

RosbaglnputFormat is an open source

splittable Hadoop InputFormat for the
rosbag file format under Apache 2.0

Requirements
ROS installation on each node

Manual index extraction
HDFS and Spark installation

Release July 2017 with Apache 2.0

-
- %
-
- ’ L ) -~
td .~
. ’ l N
’ ' .
" ' \
’ ' \
\
¥ . Cluster Manager A
! ' \
' \ \
' \ \
: Y — 1
A}
| Worker Node ' Worker Node

Executor

B0 0DDD  GmmEd 0DDD

ROS Input Format

HSEREEDEEEL TERRREreE DD RERDDEEY
HDFS

https://discourse.ros.org/t/working-with-large-ros-bag-files-on-hadoop-and-spark/2314



https://discourse.ros.org/t/working-with-large-ros-bag-files-on-hadoop-and-spark/2314

Autovia Solution autovia
Complete development & testing lifecycle

Neural
network

Deployment Perception Driving
algorithm function

Autovia Analytics Platform
Simulation large-scale sensor data processing
=5 Petabytes
of sensor Data Data Data
data and Data Access chunk chunk chunk
simulation e — S ——
Real world results
driving B

Testing and Validation Data Storage Research and Development

© Autovia GmbH 2019 | Confidential & Proprietary | www.autovia.ai



Autovia IO

is a data access layer that enables
analytics apps to read ::: ROS bags

from local and cloud storage

Not needed
ROS installation
Data converting & copying

Supported platforms
AWS EMR
Azure HDInsight
GCP Dataproc
Databricks
Hadoop
Cloudera
Hortonworks
MapR

ROS analytics notebook - Dat= X +

C @ westeurope.azuredatabricks.net 1822 k/420! ! Y Incognito (3) @

PORTAL  support@autovia.ai

< ROS analytics notebook pynon o ? &

aaaaa i e mycluster By @~ ® &~ B 8 e o 9
2 display(fing)

g w

sssssss

i df.printschema()

Blob Storage

aws /A Azure 3

Google Cloud




Autovia 10: Load Rosbag

Cmd 2

W e ~NOWuU; s

10
11
12
13

Command took 8.28 seconds

file_path = "/dbfs/mnt/ros/dataspeed/mkz_20151207_extra.new.bag"

msgs_path =

Py v =-x

"/dbfs/mnt/ros/msgs/common_msgs: /dbfs/mnt/ros/msgs/tf2_msgs:/dbfs/mnt/ros/msgs/can_msgs: /dbfs/mnt/ros/msgs/velodyne_msgs:/d

bfs/mnt/ros/msgs/std_msgs:/dbfs/mnt/ros/msgs/dynamic_reconfigure: /dbfs/mnt/ros/dataspeed"

dfmeta = spark.read.format("ai.autovia.ros")\
.option("ai.autovia.fstype", "fs")\
.option("ai.autovia.schematype","metadata")\
.load(file_path)

df = spark.read.format("ai.autovia.ros")\
.option("ai.autovia.fstype", "fs")\
.option("ai.autovia.ros.msgdir", msgs_path)\
.load(file_path)

v @ dfmeta: pyspark.sql.dataframe.DataFrame

version: string
v connections: map
key: integer
v value: struct
conn: ‘integer
topic: string
type: string
md5Sum: string
message_definition: string
windex: array
element: long

-- by adrian@supportautovia.onmicrosoft.com at 18/12/2019, 20:11:48 on mycluster




Autovia |O: List connections

Cmd 3

1 meta = dfmeta.collect()[0].asDict()

» (1) Spark Jobs

Command took ©.06 seconds =-- by adrian@supportautovia.onmicrosoft.com at 16/12/2019, 26:12:37 on mycluster

Cmd 4

(1,
(2,
@3,
(4,
(s,

1 [(v.conn, v.topic) for v 1in meta["connections"].values()]

Out[13]: [(®, '/can_bus_dbw/can_rx'),

' foxford_gps/gps/fix'),
' foxford_gps/gps/vel'),
' Joxford_gps/imu/data'),
'/tef'),

' /velodyne/points')]

Command took ©.03 seconds -- by adrian@supportautovia.onmicrosoft.com at 18/12/2019, 26:21:17 on mycluster

Py v = X%

12  © Autovia GmbH 2019 | Confidential & Proprietary | www.autovia.ai




13

Autovia 10: Filter “/oxford _gps/gps/vel” and plot data

Cmd 5
1 arr = df.filter(df.conn == 2).select(\
2 "data.conn2.twist.twist.linear.x",
3 "data.conn2.twist.twist. linear.y",
4 "data.conn2.twist.twist.linear.z",
5 )

» @ am: pyspark.sql.dataframe.DataFrame = [x: double, y: double ... 1 more fields]

Command took 8.85 seconds -- by adrian@supportautovia.onmicrosoft.com at 16/12/2019, 21:08:88 on mycluster

Py v=1x

Cmd 6
1 display(arr)
» (3) Spark Jobs
5.0
0.00  x

-5.0 my
-10 N:

-15

XYz

0 45 90 135180225270315360405450495540585630675720765810855900945990
Showing sample based on the first 1000 rows.

] 4l ~  PlotOptions... & >

Command took 35.03 seconds =-- by adrian@supportautovia.onmicrosoft.com at 10/12/2019, 21:02:19 on mycluster

Pl v - x

© Autovia GmbH 2019 | Confidential & Proprietary | www.autovia.ai




Autovia FS

is a virtual filesystem that enables

all applications to read :::RQS bags

from local and cloud storage

Not needed
ROS installation
Data converting & copying

Start filesystem

S av fs /home/<username>/mnt

1
I
I
I
]
]
]
I
1
I
I
]
L

Activities & Files ~

<

B A ¢«0ODWBDO

| I e

+

© A=
Mac OS b e

4 dev file.bag.open

Recent Name ~ Size Modified

Home - 2016-11-18_00-35-36 36items 11:53
Desktop
‘ 2016-11-18_00-35-37

Documents

Downloads ‘ 2016-11-18_00-35-38

Music
: ﬁ 2016-11-18_00-35-39
Pictures

Videos ‘ 2016-11-18_00-35-40

Trash “ 2016-11-18_00-35-41

go

| 2016-11-18_00-35-42
mnt ‘ -

Other Locations 2 2016-11-18_00-35-43
i 2016-11-18_00-35-44

-‘ 2016-11-18_00-35-45 tems

(] 2016-11-18_00-  “3016-11-18_00-35-36" selected (containing 36 items)

Filesystem Blob Storage

‘awsj AAzure 3

Google Cloud




Autovia FS

is a virtual filesystem that enables
all applications to read :::RQS bags

from local and cloud storage

Not needed
ROS installation
Data converting & copying

Start filesystem

S av fs
/Users/<username>/mnt

>

maa

#-laflo

Favourites
@&} iw
@) Airbrop
B Recents.
#; Applicati...
[ Desktop
© Downloads
Develop.
B Docume...
B3 Autovia...

iCloud
& icloud Dr...

Locations

Remote...
@ Network
Tags

@ Rot

® Orange
Gelb
Griin
Blau
Lila

Grau

Al Tags...

file.bag
[ file.bag.open

@ Macintosh HD > [ Users > @ jw > B mnt > [ file.bag.open > [ 201

[52016-11-18_00-35-28

» [ 2016-11-18_00-35-29
[ 2016-11-18_00-35-30
2016-11-18_00-35-31
[ 2016-11-18_00-35-32
9 2016-11-18_00-35-33
[ 2016-11-18_00-35-34
2016-11-18_00-35-35
[ 2016-11-18_00-35-36
[ 2016-11-18_00-35-37
B9 2016-11-18_00-35-38
[ 2016-11-18_00-35-39
[ 2016-11-18_00-35-40
2016-11-18_00-35-41
[ 2016-11-18_00-35-42
[ 2016-11-18_00-35-43
2016-11-18_00-35-44
2016-11-18_00-35-45
[
[

2016-11-18_00-35-46
2016-11-18.00-35-47
2016-11-18_00-35-48
2016-11-18_00-35-49
2016-11-18_00-35-50
2016-11-18_00-35-51
2016-11-18_00-35-52
2016-11-18_00-35-53
2016-11-18_00-35-54
2016-11-18_00-35-55
2016-11-18.00-35-56
2016-11-18_00-35-57
2016-11-18_00-35-58
2016-11-18_00-35-59
2016-11-18_00-36-00
2016-11-18_00-36-01
20181110 nn.28.02

[ ]
[ ]
]
s
]
]
]
L]
[ ]

. info_report
[ 5--vehicle-brake_report
M 6--
B 7--pressure

[ 8--vehicle-imu-data_raw
[0 11--time_reference

[ 12--vehicle-..le_info_report
[ 13--vehicle-joint_states

[ 14--vehicle-...speed_report
[ 15--vehicle-steering_report
[ 16--vehicle-filtered_accel
[ 17--velodyne_packets
vehicle-...ension_report
vehicle-throttle_report

-vehicle-misc_1_report
vehicle-..._level_report
vehicle-sonar_cloud
vehicle-...rround_report
[ 25--vehicle-...essure_report
| 26--diagnostics
B9 27--vehicle-gps-fix
[ 28--vehicle-gps-time
[ 29--vehicle-gps-vel
30--diagnostics
[ 31--diagnostics
32--diagnostics
33--center_c...-camera_info
[ 34--center_c...-compressed
[ 35--left_cam...-camera_info
B 36--right_ca...-camera_info
[ 37--left_cam..-compressed
[ 38--right_ca...-compressed

Y Y Y Y Y Y Y YYYYYVYYYYVYYYYVYYYYVYYYYVYVYVYVY

>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
6

3--center_ca...mpressed.jpg

1--center_camera-
image_color-compressed.jpg
JPEG image - 43 KB

Tags
Created Today, 12:00
Modified Today, 12:00
Dimensions 640x480
Show More

=) ® €]

Rotate Left  Markup More.

-1-18.00-35-> [ 34--center

1 of 4 selected, 63,57 GB available

ge.c > [& 1--center_camera-image_c

Autovia FS

Filesystem

Mac OS

Windows 10

Blob Storage

aws AAzu re

Google Cloud




|
IBE=! Bildtools  34--center_camera-image_color-compressed _ o x
Stat  Freigeben  Ansicht | Verwalten (2]
a-image.c..

« © 4 || <« Benutzer > jwiegelmann > filebag.open > 2016-11-18 00-35-35 > 34--center_camera-image_color-compressed v | “34--center_camera-image_c.

27--vehicle-gps-fix
28--vehicle-gps-time

29--vehicle-gps-vel
30--diagnostics

is a virtual filesystem that enables

32--diagnostics

I " YY) 33--center_camera-camera_info

all applications to read :::RQS bags e
from local and cloud storage ol
Not needed o e

2016-11-18_00-35-40

ROS installation gy

2016-11-18_00-35-42

Data converting & copying o055

2016-11-18_00-35-44.
2016-11-18_00-35-45

2--center_camera-image_color-compressed 3--center_camera-image_color-compressed

- 2016-11-18_00-35-46
Start filesystem e
2016-11-18_00-35-48
2016-11-18_00-35-49
2016-11-18_00-35-50

av.exe fs C:\Users\<username>\mnt i !

Filesystem Blob Storage

\awsj A\ Azure 3

Google Cloud

- B AW
| MacOS & o :




Autovia IDE

For R&D engineers in automotive and aviation industry we built an analytics toolbox running as a managed service.
Autovia works on existing big data infrastructure, on bare metal or on top of existing Hadoop or Spark clusters. It can ingest

R&D data directly from HDFS, S3, Azure Data Lake or any other data source.
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Autovia Workspace

 File Edit View Run Kemel Tabs Settings Help

Dashboard e
[A Tutorial Spark.ipynb X | [ Tutorial.ipynb .

chunk = Chunk(1, m.meta)

2): display(chunk.display_count(), raw=True)

Autovia Runtime

1 |
1 |
1 |
H ! !
» ! !
= Notebooks B+ X DD m C Code v Python2 O |
= e 1
R : # . Your Your Your :
Search ! ) i
- ; e ! Data Algorithm Model .
= Da (15, 0, 0, 0, 166, 31, 6, 128])] : :
A Model: len(filter(lambda r: not hasattr(r,"header"), 1)), len(l) * L
(1922, 1922)
¥ Viewer [ma T S |
[c]
Notificati

Messages distribution per type

i ROS ssak ©

TensorFlow

Autovia Cloud Service

aWS AAzu re 3

Google Cloud

chunk. save_display("count", "dashboard/Chunk_6_count.vl.json")




Fast search at sensor level

Find the right scenarios for
development, testing and

validation

Query results within seconds
Search in raw sensor data
OpenSCENARIO compatible
Various data source support
Find train & test data for Al

= autovia -

- H Dashboard

= Notebooks
Q Search
= Data

XA Models
¥ Viewer
(G} Jobs

Notifications

IMAGE SEARCH SQL SEARCH SCENARIO SEARCH

Pedestrian Bicycle Car Motorbike Bus Truck
Dynamic track Static track Initializing track Drifting track

Traffic light Speed limit Intersection Crosswalk Roundabout

SEARCH

Detected objects

W Bicyice
I

Pedestrian
[ __JES
H c-r
Truck

I 7roffic light

Duration: 2:14 min
2019-03-02-13_45_scene_12.bag

Detected objects

| Bicylce

Pedestrian




Explore and validate data at sensor level

Test and see recorded —

driving scenes

-
u Dashboard Select a Topic

/center_camera/image_color/compressed

<

Notebooks

Built-in 3D point cloud viewer

Vision output after perception Rl
See sensor fusion results = Date
Metadata management A Models
Validate algorithms ®  Viewer
@& Jobs

Notifications

» 002/1:50
-
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