RI
SE

UTMANINGAR OCH
TEKNOLOGIER FOR
AUTOMATISERAD
KORNING,

Stefan Nord
Kartdagarna i Linkoping

2018-03-22

Research Institutes of Sweden

Séakerhet och Transport
Matteknik




Innehall

Varfor automatiserade korning?
Definitioner for Automatiseringsgrad

Viktiga teknologier for automatiserade fordon

Kommunikation for uppkopplade automatiserade fordon
Sensorer for automatiserade fordon

Sammanfattning

Spaning kring komplexiteten i framtidens fordon

AUTOMATISERAD KORNING

N



AUTOMATISERAD KORNING

Varfor automatiserade korning?

Increase in fuel efficiency , .
Steering wheels, columns, pedals and gear GODglE S Potential Annual Benefits
. sticks can be removed, saving weight and fuel. | Aspira tion (US Only)
~ ) ™
Removal of Driving Stipulations A .
Older, disabled, and intoxicated . 4'95 mllllon fEW'E.'r aCCIdentE
. drivers can still have auto access. ) 90% reduction 30,000 fewer deaths
, ~ P I 2 million fewer injuries
5400 billion saving in cost y

£ Reduced Vehicle Insurance
3 With fewer crashes, insurance will be heavily reduced.

Increase in Productivity
Americans spend nearly 100 hours
sitting in traffic every year.

N " Aktiva sakerhetssystem,

RS 28 billion tewer commuting hours som t.ex. Volvos City
1.9 billion gallons in fuel savings

WASTED £101 billion saved in lost Safety, har redan visat

UL LR (o ductivity and fuel cost y sig vara lonsamma ur ett
® N forsakringsperspektiv

9 their car with a smartphone. Reduce cost per trip-mile by 80%+

Car utilization from 5-10% to 75%+
Better land use.

90% reduction
in CARS

Vi Fewer Traffic Collisions
m Humans are to blame for 93% of crashes.

J

I. Isaksson-Hellman, M. Lindman. "Real-World Performance of City Safety
Based on Swedish Insurance Data," 24th International Technical Conference
on the Enhanced Safety of Vehicles (ESV). No. 15-0121, Gothenburg, Sweden,
June 8-11, 2015.

y
f‘.’ Reduction of Car Parking Spaces
@ Acting like a taxi, users can summon

.
f
-
7
\

Ref: http://www.carloandu.co.uk/infographics/the-ultimate-car-of-the-future/ I
Google, US NHTSA, AAA, Texas A&M Transportation Institute, Columbia University Earth Institute and Devil's Advocate Group’s analysis |
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AUTOMATISERAD KORNING

Hur sker omvalvande forandringar och hur fort?
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AUTOMATISERAD KORNING

Hur sker omvalvande forandringar och hur fort?

5th AVE NYC

1913

Where Is

the
horse?

George Grantham Bain Collection

Reee ok

7

¥

Photo: Easter 1913, New York. Fifth Avenue looking north.
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Hur sker omvalvande forandringar och hur fort?
Gartner Hype Cycle for Emerging Technologies, 2017

Expectations

‘  Connected Home
Virtual Assistants | (Deep Leaming
oT Platform .~ Machine Learning
SmartRobots . Autonomous Vehicles -
Edge Computing - Nanotube Electronics
Aiasiedti D R o Cognitive Computing
gmented Data . . :
Discovery S Blockchain
Smart Workspace Commercial UAVS (Drones)

Conversational
User Interfaces
Volumetric
Displays

Digital Twin
Serverless

Paa$

56

Human
Augmentation

Brain-Computer
Interface

Quantum -
Computing

Cognitive Expert Advisors

Neuromorphic

Enterprise Taxonomy
Hardware

and Ontology Management

Deep Reinforcement
Learning Software-Defined

Artificial General Security
Intelligence

Plateau will be reached in:
@© less than 2 years
. 2105 years

@ 5to10years
/\ more than 10 years

Time

gartner.com/SmarterWithGartner

Source: Gartner (July 2017)
© 2017 Gartner, Inc. and/or its affiliates. All rights reserved.

Augmented
Reality
Smart Dust
As of July 2017
- Peak of
ln.r|1_c.>vat|on Inflated Di ?;rlou_gh of Slope of Enlightenment PPIa(:ea:J. gf
rigger Expectations isillusionment roductivity
—

Gartner.
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Definitioner for Automatiseringsgrad

SAE J3016 (SEP 2016):

ADS = Automated Driving System
DDT = Dynamic Driving Task
OEDR = object and event detection and response
ODD = Operational Design Domain

Autonomous Vehicles Are Actually Part of a Continuous Evolution of Driver-Assist Features

Levelo: No driver assist
features included

Level 2: Combined driver
assistfeatures leading to
complexbehaviorlike
adaptive cruise control

e.g., Subaru's EyeSight option

Uncertainty [ Risk

e

/‘

A 4
_0—©

Time

Source: Lux Research - Set Autopilot for Profits: Capitalizing on the $87 Billion Self-Driving Car Opportunity, April 2014

@ Lux Research

AUTOMATISERAD KORNING

DDT
Sustained
Name Narrative definition bDoT
lateral and fallback oDD
_ longitudinal | OCEDR
e vehicle motion
s control
Driver performs part or all of the DDT
0 No Driving [the performance by the driver of the entire DDT, even Driver Driver Driver n/a
Automation when enhanced by active safety systems.
The sustained and ODD-specific execution by a
Driver driving automation system of either the /ateral or the Diver and E >
1 Assistance |/0ngitudinal vehicle motion control subtask of the DDT Sibar Driver Driver Limited
(but not both simultaneously) with the expectation that 4
the driver performs the remainder of the DDT.
The sustained and ODD-specific execution by a driving
Partial | 5/ tomation system of both the /ateral and longitudinal , : o
2 Driving | yepicie motion control subtasks of the DDT with the System Driver Driver Limited
Automation | gypectation that the driver completes the OEDR
subtask and supervises the driving automation system.
ADS (“System”) performs the entire DDT (while engaged)
Fallback-
The sustained and ODD-specific performance by an ready user
Conditional| ADS of the entire DDT with the expectation that the System System | (becomes Limited
3 Driving DDT fallback-ready user is receptive to ADS-issued the driver
Automation | requests to intervene, as well as to DDT performance- during
relevant system failures in other vehicle systems, and fallback)
will respond appropriately.
High The sustained and ODD-specific performance by an
4 Drivgin ADS of the entire DDT and DDT fallback without any Sisteii vt St Limited
Alitoiia at?on expectation that a user will respond to a request to 4 v 4
Intervene.
Full The sustained and unconditional (i.e., not ODD-
specific) performance by an ADS of the entire DDT
5 Au?;lr‘::t?on and DDT fallback without any expectation that a user System Systsm System | ynlimited
will respond to a request to intervene.
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AUTOMATISERAD KORNING

Viktiga teknologier for automatiserade fordon

Viktiga teknologier som mojliggor automatiserade fordon:

= Sensorer
= For att identifiera vagmarken, vagmarkeringar och andra foremal (inklusive manniskor).
= For att bestimma fordonets position (i relation till andra objekt samt kartdata)
= Typiskt Radar, LIDAR/Laserscanner, Kameror, Ultraljud, GNSS, Accelerometrar, Gyron, fordonssensorer, m.m.

= Berakningskraft och algoritmer
= For att behandla och fusionera data fran de olika sensorerna.
= For objektidentifiering, klassificering och utvardering
= Machine Learning

= Tradlos kommunikation och antenner
= ETIS C-ITS for V2X (802.11p/G5, LTE, 5G)
= GNSS mottagare
= Antenner

= Datasidkerhet/Integritet
= For att skydda data och fordon fran intrang/stold/”spoofing”
= Skydda personliga data (Integritet - GDPR)

= Kartor
=  Hogupplosta kartor
= Teknologier for att hantera uppdatering av forandringar detekterade av t.ex. fordonens sensorer

N
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AUTOMATISERAD KORNING

Viktiga teknologier for automatiserade fordon

= Fordonet behover sensorer for att ”se”, ta beslut och agera pa indata pa ett tillforlitligt satt

= Sensor Data Fusion och Machine Learning behover information om kvaliteten pa indata.

Sense Understand Act
Vi N S N S ~N
Raw data Object parameters 3D Map Actions
Blind Spot A - Time stamp A - Do nothing
Detection GPS L - Dimensions . ' - Warn
: 5 IMS [ i . [ I
Park Assist Emergency Braking ! - Position/velocity ' 1 - Complement
' Surround View E : i A ] - Control
Rear Collision Pedestrian Detection ""' B ; v ! ! A
Warning & - ! : : i
Traffic Sign Collision Avoidance Cameras i o oonsor YA |
aer ) rocessing i
Recognition — ! ‘,1 vf:r:n‘:.zl E Driver state E
o 1y
] i I I
Park Assistance/ y - ¢ ! ': i ] !
Surround Adaptive Cruise Control [ Sensor \ ' \J !
oo Radars : ' . Processing i E Vehicle
] = £
P pob Sensor ' »| Action . _Cg::;;’::cc
H [ ; 5 . -
- i : Fusion \p Engine K - Steering
3D Scanning ' ; ’ Sensor - etc.
Park Assist Lidars r Processing L
TS i 7 i -
Surround View H | i _
. 1
Cross Traffic Alert \ ! |: “Maps”
Ultrasound | L] . Sensor a priorl info
sensors & Processing
; L L/
B Long-Range Radar Short/Medium Range Radar Il LIDAR Camera M Ultrasound GNSS
Compressed data > Visualization/Display
Sub-system




AUTOMATISERAD KORNING

Kommunikation for uppkopplade automatiserade fordon

Vehicle to Vehicle (V2V) communication

ety

(Courtesy of autoevolution)

Vehicle to Infrastructure (V21) communication

1

Monitoring & Control
Infrastructure

V2V and V2I-12V Communications
(Courtesy of Embedded System Technology)

Communication protocol is based on IEEE 802.11p

Ref: http://www.autoevolution.com/news/gm-begins-testing-of-vehicle-to-vehicle-communication-in-ann-arbor-48560.html

Ref: http://en.wikipedia.org/wiki/IEEE_802.11p

Ref:http://www.uwicore.umh.es/files/paper/2012 international/uwicore IEEE Communications 802.11p%20vehicle%20t0%20infras
tructure%20communications%20in%20urban%20environments.pdf

a IEEE 802.11p\
IEEE 802.11
Data..# ¥ @- - A\
........ Plug tests, field trials ...
A 2009 2015
Standard ready Technology ready for large
\ scale deployment )
/ O LTE-Release 8 i CO“"'"\
D mw o
Standard ready Technology deployed on a large scale
kY
@_ LTE-A, Release 10 N '
2011 2017
Control "™, Standard ready
....... Data LTE-D2D phase2, Release 13
‘._- .................... > @' """"""" *
2016 2022
@ Standard ready
pata, ... ¥ ®----- LTEV2 Reloase 24, _ o emeeme N
''''' 2017
Standard ready

Source: http://www.eenewsautomotive.com/design-center/why-80211p-beats-Ilte-and-5g-v2x

= I dagslaget oklart om vilken kommunikationsteknologi som kommer att dominera

= Eventuellt kombinationer mellan IEEE 802.11p och 5G (“hybrid communication™)

= Utbyggnadstakt och tillganglighet viktiga faktorer

10
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Sensorer for automatiserade fordon: Radar

MRR
Rear

RADAR
EVOLUTION

SOP: 2009 SOP: 2013 SOP: 2014

-20
4 Truck

-40

60~

Power (dBm)

11

Pedestrian

200 300
Frequency (kHz)
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Sensorer for automatiserade fordon: Kameror

= Kameratyper:

Mono-kamera
Stereo-kamera
Trifocal-kamera

= Typiska prestanda:

12

40-60 m

RGB 740x480

FOV (Field Of View):
= 42° horisontellt
= 30° vertikalt

Trifocal-kamera ger 3 olika
FOV horisontellt (140°, 45° och 34°)

Med stereo- och trifokal-kameror kan
avstand till objekt matas direkt.

AUTOMATISERAD KORNING
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http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiHs4HlmdbTAhWDJZoKHVAaAYAQjRwIBw&url=http://www.autoblog.com/2015/02/19/volvo-self-driving-cars-2017-official-video/&psig=AFQjCNHY4Ttg2OoatEIg8LHGApF_W5mr3w&ust=1493986022844425
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Sensorer for automatiserade fordon: LIDAR

LIDAR (statisk) och Laserskanner (en dynamisk LIDAR) Transmitter Obstacle
LIDAR = LIght Detection And Ranging
Vanlig vaglangd: 905 nm

Avstand mats med ToF (Time of Flight)

Receiver

Time of Flight
Measurement

LIDAR-data som anvands for att detektera och klassificera objekt.
(Bild: University of Oxford)

N
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13



Sensorer for automatiserade fordon: LIDAR

14

Fran Elektroniktidningen Februari 2018:

TEMA:OPTO, LED OCH DISPLAYER

Det har ar robotbilarn

Har @r 23 foretag som

haller tummarna for att

Elon Musk har fel.

De utvecklar nista gene-

ration ljusradar, lidar, for

sjdlvkidrande fordon.
lon Musk, vd for dbilstill

Tesla, siger sig vara "riitt s&
inte behéver

sfilvkiirning,
dra fOr ant lide

Stéphane Duguet
Han papekar att

jobbet, utan att kamers, radar och

lidar integ: ndans
De som utvecklar sjilvkorande bilar

siska Leddartec
det inte ar lidarn ensam

tegreras och ger varandra redu

anvinder en dyr och klumpig kenstruk
{rin amerikanska Velodyne,

LEDDARTECH AR £TT av 2) fOretag som Elektro

ats googla upp, som kon

fram en ny generation lidar

idninge

kurrerarom
ned pris och prestanda for massvolymer.

De kommer att bli snilare, enkiare, robus
tare och billigare in Ve m rande [a
serburk. De ko ol smidigare
gdmmas | kaross, grill, kofingare

och kunng

Quanergys

Cepton

Hesai
Ibeo

Innoviz
Ledda
Leishen

ch

Luminar
Oryx

Osram

Ouster
Phantom
Pioneer
Princeton/Ford
Quanergy
Strobe/GM
Tetravue
Valeo
Velodyne

Waymo

Kickoff Hemvist Ritter
2017 Palo Alto, USA Apple
2012 Santa Barbara, USA ASC
2015 Sydney, Australien Finisar
2016 Bozeman, USA

2016 San Jose, USA AEP
2013 Shanghai, Kina Stanford
1998 Hamburg, Tysklan

2016 Kfar Saba, Israel

2007 Quebec, Kanada INO
2016 Guangzhou, Kina

2012 Portola Valley, USA Stanford
2016 Petah Tikva, Israel Vishay
- Regensburg, Tyskland

2016 San Francisco, USA

2015 Quebec, Kanada

2015 Japan

2000 New Jersey, USA Sovjet
2012 Sunnyvale, USA

2014 Pasadena, USA OE Waves
2008 Carlsbad, USA LLNL
1923 Frankrike

2005 San Jose, USA

2016 Mountain View, USA

Dessa firetag utvecklar aa ny generation lidar for sjilvkdrands bitar,

Cepton

o

\

s
\ ﬁ/ Blackmore

ke
=

CLEXTROMIKT DN NGEN

1 epron.
Minga har upptacks det b
sett mojligh

pet och
Dt har skepet en tivling
bl snabbast att ta fram

om vem som ka

tanta

ELEXTRONSTION

standardburk  kostar  runt
70000 dollar Den m

Velod;

hamnar pd nigra hundra doll
hundra, men
burkarna har olika ricky

Wsnl inkel. uppdaterin

kvens, och sd v

LioARTILLVE
Halften av
tre dr sedan.

Allra firskast &r Aeva, tvk av

Apple-ingenjorer som dok upp | septen
med en typ av lidar som inte

Ater po-
bjekten kring

En
av de 23 har I C en miljard

kronor.

Lidar ses som en stor affirsmiilig

per Stephen Crouc

forst @
Valeos

gomma sig i grillen pd Audi A8 och utlsa
nédbromsen nir hinder dyker upp framfor

der hori

bilen. Den scannar upp till 145 gr

sontellt med en riickvidd pa
150 meter

En stor andel av lidartill
verkarna
Halften av alla ar

fornien. Tekniken ka P
StepheaCromch skt spdrus tillbaka till ame-
rikanska universitet och fovskningsinstitut
Ett kul undan

F

sotn flesta Nidartillverkare ocksd

passar pd att utveckla for

Monterade pd drénare finns tu ill
limpni allt frd en brand
utbre h inspektera kraftledningar tiil

att dokumentera olycksplatser och upptiicka
okinda gigantiska stider frin mayal

1§ Guatemala, for att ta ett

len

JANTANGRING

anetn.se

»
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AUTOMATISERAD KORNING

Sensorer for automatiserade fordon: LIDAR+Kamera

LIDAR kombinerat med kamera

En punktmolnskarta skapad med LIDAR som sedan anvands for att matchas
mot bilder fran t.ex. en monokamera for positionering

Punktmolnskarta fran Oxford baserat pa data fran en kombinerad LIDAR och
stereokamera (Bild: University of Oxford)

Bilder fran monokamera matchas med existerande karta (Bild: University of
Oxford)

RI
15 SE



AUTOMATISERAD KORNING

Sensorer for automatiserade fordon: Positionering

GNSS
Constellation

Teknologier:

= GNSS
" DGPS o
= PPP (Precise Point Positioning)
= Natverks RTK (Real Time Kinematic)

= Trend: Utveckling av billiga GNSS-moduler NEQERARP-2 (B2 NEG B (e
= GNSS i kombination med t.ex. £
= Accelerometrar och gyron P &
= Fordonssensorer (yaw rate, wheel speed, steering angle m.m.) | \ 5 gwg' ‘
UwW . RTKITES
- B Ranglng GNSS RTK RECEIV‘ER MODULE

= Hjalper t.ex. till dar GNSS-tackning saknas

16
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https://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiJsP2C3NjTAhWKKJoKHf_aBfAQjRwIBw&url=https://drotek.com/en/tiny-rtk-u-blox-neo-m8p/&psig=AFQjCNG8eC7RpReVoQF2IANzKIrTc8EqhQ&ust=1494072285033718
http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjLsvTj3NjTAhWDO5oKHZKbAlUQjRwIBw&url=http://www.decawave.com/&psig=AFQjCNHUxIeJ38qJLjq3uVsjW1opZaSK_A&ust=1494072711147265
https://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj5xqey3djTAhVnYZoKHXXtCwAQjRwIBw&url=https://www.bitcraze.io/2015/08/firmware-and-dwm1000-nodes/&psig=AFQjCNGpEDY5nm-MkymdB83zc53FCa2g4Q&ust=1494072841118160
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Sensorer for automatiserade fordon: Positionering - krav

= Robust och saker positionering behovs for att det automatiserade fordonet
skall kunna faststalla vart det befinner sig 1 forhallande till kartan och vagen.

= Absolut positionering ett krav nar t.ex. sensorinformation, position, tid och hastighet delas
mellan uppkopplade (V2X via ETSI C-ITS, 5G o.s.v.) och/eller automatiserade fordon.

= Absolut positionering ocksa viktigt for att kunna hantera uppdatering av kartor baserat pa

information fran fordonet. P R P A RT

. Precise and Robust P ositioning
= nar tunnlar passeras, for Automated Road Transports

= Robust avseende att position alltid maste finnas aven

HORIZ@N 2020

J

= hoga hus skymmer,

= vid olika typer av storningar.

= Saker avseende att positionen
= har tillrackligt hog precision och
= att precisionen och dess kvalitet ar kand.

Fordonsstrategisk
Forskning och
Innovation

N
m
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AUTOMATISERAD KORNING

Sammanfattning

Utmaningar for Automatiserad Korning

En mangd nya sensorer (utover de som mater internt i fordonet) som mater:
Avstand
Position
Hastighet

Hur paverkas sensor data fusion av kvaliteten/osakerheten hos sensordata?
Hur skall dessa matsystem verifieras och kalibreras?
Hur skall koordinatsystem definieras?

Hur skall vi testa att de:
Klarar de miljoer de skall fungera i (regn, dimma, sn6 m.m.)?
Ar robusta mot yttre stérningar och paverkan?

Hur kan vi bygga den testmiljo och testverktyg som behovs for att testa/validera/certifiera?

Lagkrav?

18
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Spaning

Mangden funktioner i fordon okar...

sh
Basic Infancy Proliferation Systems Integration
40 = Side-Impact Sensor
Remote Keyless Entry Ve Prssine Seasing ADAS & V2X
Integrated Powertrain Control Semi -> Fully Automated

35 b Electronic Instrument Cluster Steer-8y-Wire
£ Crash-Sensor Diagnostics Brake-By-Wire DSRC-based Safety Systems
a Theft-Deterrent Systems Drive-By-Wire
z 0k . ;
s Traction Control Keyless Vehicle mx’dﬁz"" feotusce
k-] Adaptive Suspension Occupant Sensing
§Exsp Rollover Sensing
& Proactive Control Systems
& Shikkial Collision Impact Mitigation
§ 20 = Diagnostics Soced Wosri
- i Sensor- arning
g Civise Conten PR e Ride/Handling Control Assist
% 15 = Trip Computer CD Player - :
3 Service Indicator Adaptive Cruise Control
) Breakerless ignition ~ Antilock Braking Stability Control
“ 10k Lamps Alternator Cellular Phone

Starter Single-Point Crash Sensor MP3 Player
Cassette Player Vehicle immobilizer Sateliite Radio
S| tom Radio 8-track Player
Generator Electronic Fuel Injection DVD Player
Electronic Transmission Controls
—————— 1 I N N 3 1 1 Ly
Early Automobiles 1960 1970 1980 19%0 2000 2010 2020 2030

19
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Spaning

...och driver pa elsystemets komplexitet.

BT MO MEATLANP

RGHT PAND BUINSER AN PRRNNG Lawp

e :
Jeiim A
§
5 -.;

VOLVO

BINED STOP auD
Wi LGHT WTH RNKES

§rme L— [ WIRING DIAGRAM \/70//70R/XC70/C90
E_. ig)ji J TP 3977201

o]

2005

5% 51 L @ g .

I Lo bl ‘EB i p
) | K LI TR /]
1 Nl ol i

( ol %) e bl
e =hit ) Nt
R t——— 4
gg? 3 :E
i % i

(figures refer to the cross seetion of the cables in sqmm.)
1950: 1 page 2005: 150 pages RI.
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