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Lidt om mig

= Thomas Almdal, Projektleder
= Uddannet ved SDU, DTU
= B.Sc.Me — Diplomingenigr Mekatronik
= M.Sc.EE - speciale i autonome robotsystemer
= HD(1)

= Arbejdsomrade ved TI
=  Autonome robotsystemer
= Droner
= Sikre kollaborative robotter
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MOBILE ROBOTTER

Hvorfor er de interessante




Traditionelle AGV'er
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»  Automated Guided Vehicles
= Siden 1953

= Faste kgrebaner — linjer i gulvet, reflekser, tape, el. lign.

= AEndringer i ruter og destinationer kraever typisk ekstra
ingenigrtimer

= Ingen naerkontakt med mennesker




Service Robotter - logistikrobotter

FAEndringer | produktionslandskabet

« Fra serie produktion = til ordre produktion
« Krav om hgjere grad af produktvariation

* High-mix/low-volume (HMLV)

g

Hgjere krav om

produkttilpasning

4

Krav om
fleksible

produktions-
systemer

J

Mere logistik men

med lavere
volumen og vaegt

$

Krav om

fleksible
logistik
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Sma Fleksible Mobile Robotter mﬁ-mm
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FIGUR1 - MIR100 FRA MOBILE  FIGUR 2 - MP400 FRA NEOBOTIX FIGUR 3 - LYNX FRA ADEPT FIGUR 7 - FREIGHT FRA FETCH ROBOTICS
INDUSTRIAL ROBOTS

FIGUR4 - MPO-700 FRA FIGURS5 - AMV-1 FRA
NEOBOTIX BLUEBOTICS



Sm3 Fleksible Mobile Robotter
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Typiske karakeristika:

= Lastevne: 50-300 kg — I. e

= Operationstid : 10-20 hours s ﬂ 3

. Investering: €16,000 - €40,000 v

= Gns. dimensioner: 500 x 500 x 1000mm i w===T W

= Miljg tilpasninger: Ingen kreevede L d

= Sikerhed: Sikkerheds laser scanner

= Hastighed: <1.5m/s

......

= EU platform producenter: < 10

Task compliance:
= A-to-B logistik
= Conveyors, kabinetter, skeerme, “ansigter”, HRI komponenter,
mv. kan som regel monteres oven pa platformen

Stzerke applikations potentialer:
= Sundhedssektoren, produktionsindustri, and servicesektoren




Sm3 Fleksible Mobile Robotter
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Typiske karakeristika:
= Lastevne:
Operationst
= |nvestering:
= Gns. dimen;s
= Miljg tilpasn
= Sikerhed:
= Hastighed:
EU platform

Conveyors,
mv. kan so

Steerke applikati
= Sundhedssektoren, produktionsindustri, and servicesektoren
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Fleksibilitet

X

Kapacitet



Hvorfor er de mteressante?
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= Transport med trailer

= Samarbejde med f.eks. manipulators
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Flere samarbejdende robotter
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Hvorfor er de interessante?
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Flere samarbejdende robotter = Mobil manipulation
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= Samarbejde med automationsudstyr \
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‘ \ = Overvagning og inspektion

Proces under transportfasen
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"Emerging” scenarie — 14.0
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Cyber physical systemer til produktion og logistik INSTITUTE




R5-COP (ARTEMIS-JU)
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Reconfigurable ROS-based Resilient Reasoning Robotic COoPerating Systems, INSTITUTE
2014-2017
@ Focus
v Few robotic components are designed for easy adaptation and reuse
v R5-COP focuses on agile manufacturing paradigms and specifically on modular robotic
systems
v R5-COP will help to identify and develop reconfigurable key hardware and software
components
Project DTI
v 1/2-2014 - 31/1-2017 v Development of a Modular Link Framework (MLF) for
v 30 partners flexible task-configuration of existing mobile robots
v Budget: ~€12,000,000 - “Rapid prototyping”
v Effort: 1,327 Person Months v MLF decouples locomotion from object handling
Modular Link Framework Modular Link Instantiation

-------------------------------------------------------------------------- - [ EEEEEEEAEEEEEEEESSEEEEEEEEEAEEEEEEEEEEESEEEsEEEEEEEEssEEEE
H H

Link/Unlink > Link Controller /Iﬁ

| E : A — | E
{ Robot
________ Sl | P b
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Modular Link Controller (MLC)

= Link Controller Hardware

Intel NUC

= Skilled Robotics — Mobile CoWorker (based on DTl Robot CoWorker [PRACE, SMErobotics (FP7)])
Execution of skills decoupled from robot hardware — i.e. skills reusable across platforms

Combine one or more primitives into skills
Combine skills to higher level skills and tasks

Intuitive Graphical User Interface — modular drag’n’drop
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Hardware
independent

Hardware
dependent

Tasks

Skills

Primitives

Hardware

i
j
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Operator

Expert
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MOBILE ROBOTTER

Hvordan ser de verden?




Sensorik
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Laser (LIDAR)

= Ultralyd

= Dybdefglsomt kamera

= Hjul-enkodere 1.%

= Gyroskop og accelerometer
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Sensorik

Infro-Red Projector Low-res Low-res

(projects dots) RGB Camera  Infra-Red Camera TECHNOLOGICAL
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= Dybdefglsomhed
= Stereo kameraer
= Projekteret lys
= Time of flight

Camera
Calibration

Epipolar Geometry
Calcu:ation

| Rectification
Y . .
Stereo | Disparity
Correspondence Map
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MODULAR SOFTWARE

I(Genopfinde hjulet)




Re-Inventing
the lWheel

+-.a paper with
a proof-of-
concept robot-

...and they write
code that barely
works but lets
them publish...

pr
7

try to build on

[d.]
3
o
cr
o

anothe

this result...

««-.but they can't
get any details
on the software
used to make it

But inevitably-
time runs out...

«.+.and countless
sleepless nights
are spent
writing code
from scratch.

‘-..and all the
code used by
previous lab

So- a grandiose :
plan is formed members 1s a mess-

to write a new
software API...

ROS: Robot Operating System — www.ros.org
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Open Source
Robotics Foundation




ROS — Robot Operating System
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I
+

Plumbing Tools Capabilities Ecosystem

=  Open Source — Typisk BSD licens
= "gratis” Softwarepakker

= Drivere
Koordinattransformation
Baneplanlaegning

Avancerede vision algoritmer bunt o
... og alt ind i mellem ubuncu

Behaviours

ERUS 1

Faculties

Electronics




ROS — Robot Operating System
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=  Qver 100 robotter understgttet og flere kommer hele tiden til

spirkes Coamith Ratoles Cogeiean
poer s B R i
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BMW — CAR IT

BMW CARITVISION

software o¥
complexity "
A autonomous
ROS for driving
series cars?
ROS for research )
vehicle! highly automated
. driving
ass_lgted Basic Research:
driving Autonomous Driving
. = software architecture and solutions
A!:plied R&D Gnupeg’qllun: = robust perception and planning
Highly Automated Driving = fail-operational power computing
O =EE > T
>
2013 2020 2040
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HIGH LEVEL LANDSCAPE OF ARCHITECTURE
BUILDING BLOCKS

- aes
AUTESSAR :::ROS.org
External Information Sources
Envi Senser Abstraction > v
| Environment Perception
Vehicle Sensor Abstraction + > and Representation
I—) Vehicle State Estimation ,l,
Environment Generic Scene

Snsord Vehicle Sensors

: Driver Intention
Interpretation

J !

Mission Planner l

Actuators ‘ Maneuver Planner | ‘ Driver Information I

Motion Planner |

Vehicle Dynamics Control l(—‘ Motion Control l
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SELVKORENDE BILER




DARPA
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- DARPA Grand Challenge 2004 og 2005
« @rken
- Bedste performance 11.78km

- DARPA Urban Challenge 2007
«  Bymiljg
« Rute: 98km,

- Bedste tid 4:10 — gns. hastighed
22.53km/t




Autonominiveauer
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Execution of Fallback

o] e | SR | e | o [neT
deceleration driving task
Human driver monitors the driving environment
T | & T & | Kk | =
1 | Driver Assistance k + G * k 50-‘": ;ﬁ;n:
2 | Partial Automation - | i * s
Automated driving system monitors the driving environment
J e @ [ @ e
4 High Automation 50“:;':‘"!

Kilde: SAE Standard J3016 (SAE, 2014)



"Enablers” for selvkgrende biler
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= Batteriteknologi
= GPU optimering ex. CUDA, OpenCL
= Deep Neural Networks — siden 2011

Training
forward "doq”
. — og
P ‘ WK - * labels
— | e & —
' <9 =? <& “hyman Face” |
‘ ( -t y
H backward
Large N error
» 9 NVIDIA DRIVE PX 2
Inl:erence 12 CPU cores | Pascal GPU | 8 TFLOPS | 24 DL TOPS | 16nm FF | 250W | Liquid Cooled
| o — OTWArC - “human face”
. Smaller,
# varied N

World’s First Al Supercomputer for Self-Driving Cars



Selvkgrende biler - sensorer
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LIDAR
= Punktsky, ngjagtig, dyr, darlig i tdge/sne

Radar
= Lang raekkevidde, billig, vejrresistent

Kameraer
= Billig, meget data

= GPS




Selvkgrende biler sensorer
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Blind Spot
Detection

Park Assist Emergency Braking

Surround View -

Rear Collision
Warning

Pedestrian Detection

Traffic Sign Collision Avoidance

-"I Recognition

PASSIVE MILES LOGGED ACTIVE MILES LOGGED

780MM 130MM

/
Park Assistance/ |

Surround ! ' Adaptive Cruise Control
View

@® caverason (@) cpson () AUTORILOT OFF @® caverason (@) cpson () AUTOPILOTON

4 +  Lane Departure
- © Warning
| ':' d

g Surround View \

Cross Traffic Alert

M Long-Range Radar Short/Medium Range Radar M LIDAR Camera M Ultrasound GNSS

Kilde: Novatel



Selvkgrende biler - spillere
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= Uber

= Google
= Ford

=  Hyundai
= m.f.
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Tesla Motors T
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= Szelger ~25.000 biler om &ret, | 1 igt

= Fgrende pa teknologisiden
= Ledende i forskning og implel

=  Fglger Elon Musks "Master pla

=  Stgtter forskellige Open Sourc
= OpenAl, m.f.




Tesla Autopilot 2.0
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Rear View Camera




Tesla Autopilot 2.0 YT =
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Forbedret sensorik
= En radar - kan se to biler frem
= 8 Kameraer
= Tre fremadrettede kameraer
= Ultralyds sensorer

= nVidia DRIVE PX2 - supercomputer

= Efter at have opsamlet mere data, vil Tesla automatisk sld “Autosteer” til nar
kollisionsrisikoen er pd ~99.99% -> Vi er altsd pa niveau 4 autonomi!

= "Beta” stadie
= Nar performance er op til 10 gange bedre en gennemsnittet,
slds Autopilot til som udgangspunkt




Tesla FleetLearning YT =
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Alle biler opsamler og uploader data

= ~5mio km/dag

= P3 én dag opsamles en levetids erfaring af data over hele verden
= Tesla DNN treenes pa baggrund af opsamlet data
= Alle biler opdateres "over-the-air”
= Preecision af styring forbedres

= "Geocoded whitelist” over steder
= Eks. under broer

= Langsigtet plan: Tesla Fleet
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= AutonomKk ...
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SELVKORENDE BILER

Aktiviteter i DK og internationalt




Internationalt
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Lovgivning dbnes gradvist for forsgg med selvkgrende biler
= US, UK, NL, DE

States with Enacted Autonomous Vehicle Legislation

Holland

= Selvkgrende biler er indsatsomrade \vﬁ

o
= Aben for storskala test —_

USA dbner for niveau 3 test EiRe mom
= Daimler Long haul transport

Transportation-as-a-service i Singapore
= Fuldt Niveau 5 test i industriomrade




Danske aktiviteter
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Farerlgse biler er pa vej - lovforslag sendt i INSTITUTE

hering

- - Et lovforslag har leenge veeret varslet og efterspurgt og ser nu endelig dagens lys.
[ | U be r VI n d e r ( I a n g SO mt) I n d pa S Fremtiden skal kere forerles forbi uden for vores vinduer. | gar sendte transport- og
bygningsminister Hans Christian Schmidt et lovforslag om en forsegsordning for
selvkerende biler i hering. Forseg med selvkerende og fererlose biler forventes
igangsat fra og med sommeren 2017, hvor loven foreslas at traede i kraft.

= Forslag om aandring af faerdselsloven sendt i hgring 28. oktober 2016
= Abner for test med selvkgrende biler

= Selvkgrende biler i Vesthimmerland kommune
=  Fonden Autonomous
= Professor Henrik Scharfe AAU
= Niveau 5 selvkgrende busser
= Fgrste leverance september 2016 (?)

FOUNDATION

AUTONOMOUS




Fremtiden for selvkgrende biler
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= Selvkgrende — autonome - taxier i Singapore i 2018 @ R
= Vil gradvist dbne for flere omrader nar tests er overstdede

= Ford: Selvkgrende biler i 2021

= Mobility-as-a-service - langsigtet
= On-demand transport
=  96% af tiden star bilen stille i indkarslen (Economist)
= 70% feerre biler ville kunne lgse samme maengde transportopgaver

= Lige nu samles og analyseres der trafikdata
= Google (Maps), Apple CarPlay & Maps, Tesla, Uber, comma.ai
= Trafikmgnstre, transportbehov mv. mhp.
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Opsummering
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TAK!
Spgrgsmal?

Kilde: Tesla Motors



