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Hvad er digitalisering ?
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Hvad er digitalisering ?

* Indfgrelse af digitale teknologier i virksomheders processer

* Generering af digital information (databaser) i virksomhederne om processer,
produkter, etc.

* Benyttelse af digitale redskaber i stedet for papir til instruktion af medarbejdere

* Indfgrelse af robotter/automatisering kan udfoldes langt bredere. Dette er en
konsekvens af digitalisering og IKKE en del af definitionen

* Viforsker i teknologier til at muligggre denne udfoldning af robotter. Nu fglger en
praesentation af vores forskningsomrade med eksempler som for det meste
desveerre er udenfor mejeribranchen. Slides er ovenikgbet for det meste pa
engelsk...
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($9) Selection and
configuration

Research

m Modeling of

Mathematical modeling

We model robotic systems and robotic
processes. These models are the basis for
accurate simulations and the learning of
robotic solutions.

Sequence of events

in the assambly *
process, . ¢ - '%

m) Actions described
by semantic event
chains.

Planning optimal robot trajectories

When planning the trajectories for executing
a task, the optimal trajectory must be
efficient and robust to uncertainties in the
used models.

Actions p
erized as e.g. PMF.

($8)\gimulation of trial

Object recognition and pose estimation

Our research involves a set of new (86 s of il
approaches aiming at decreasing the

manual involvement and thereby reducing

setup time to a minimum
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Education

Robot systems Engineering
M.Sc. (2 years)

(Intake 2018: 80 students)
BSc (MSc) (3 (5) years)
(Intake 2018: 72 students)
B.ENng.

(Intake 2018: 76 students)
Around 225 new students !!

Welfare Technology
M.Sc., B.Sc.
(Intake: around 30 students)
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Traditional robot solutions
a) Complex, but repetitive

Fixed part locations
Repetitive robot movements

Robots are fenced off

Potentially complex processes
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Lignende robotter pa Taulov Mejeri
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Traditional robot solutions
b) Non-repetitive, but simple

Random part locations
Detection with vision (simple)

Robots are fenced off

Simple processes

FACULTY OF ENGINEERING i
UNIVERSITY OF SOUTHERN DENMARK.DK SDU RObOtICS




“Collaborative robots is a new technology that allows us to have a human and a robot
working in the same workspace.

Of course, this means that collaborative robots need to have certain characteristics:
They need to be flexible, easily programmable and safe. Only if these preconditions
are met, a true collaboration of human and robot can take place and thrive” .
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https://www.universal-robots.com/products/

Kollaborative robotter her ?
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Our (SDU Robotics) main topic:
Collaborative robot assembly

e Very relevant for Danish companies

e Automation of assembly currently almost only for
mass production (parts at fixed locations as in the car
assembly example)

* Challenging (no standard solutions)
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Human assembly
Non-repetitive and more complex

Randomly located parts

Accurate placements

Humans are not fenced off

Maybe only e.g. for 2 hours
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Collaborative robot (cobot) assembly
Some challenges

Randomly located parts
Feeding techniques

Accurate placements
Force/Vision/Al based control

Robots and Humans
Safety, easy programming

Maybe only e.g. for 2 hours

Movable and easily
reconfigurable robot cells
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Important:
Digital models of parts and sequences

SDU Robotics



Programming and testing in virtual environments

Example from one of our European projects:
Headlight assembly for automotive
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Cobot assembly
Some challenges

Randomly located parts
Feeding techniques

Accurate placements
Force/Vision/Al based control

Robots and Humans
Safety, easy programming

Maybe only e.g. for 2 hours

Movable and easily
reconfigurable robot cells
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Examples of using digital modeling and
simulation for cobot assembly

Precise dynamic simulations of vibrational feeders for virtual design
and optimization of traps and trap sequences

Feeding
techniques
Accurate
placements

Robots and
Humans

Optimizing the control with respect to robustness to deviations in part
location relative to robot end effector (gripper)

Simulation of functionality of overall system.
AR/VR simulations for training of shop floor workers

Easy programming using building blocks
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Examples of using digital modeling and
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Feeding Precise dynamic simulations of vibrational feeders for virtual design
techniques and optimization of traps and trap sequences

Step Slotted track

Wall projection and
narrowed track

Side-Step
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Feeding Precise dynamic simulations of vibrational feeders for virtual design
techniques and optimization of traps and trap sequences
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Feeding Precise dynamic simulations of vibrational feeders for virtual design
techniques and optimization of traps and trap sequences
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Feeding Precise dynamic simulations of vibrational feeders for virtual design
techniques and optimization of traps and trap sequences
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Feeding Precise dynamic simulations of vibrational feeders for virtual design
techniques and optimization of traps and trap sequences
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Examples of using digital modeling and
simulation for cobot assembly

Precise dynamic simulations of vibrational feeders for virtual design
and optimization of traps and trap sequences

Feeding
techniques
Accurate
placements

Robots and
Humans

Optimizing the control with respect to robustness to deviations in part
location relative to robot end effector (gripper)

Simulation of functionality of overall system.
AR/VR simulations for training of shop floor workers

Easy programming using building blocks
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The infamous Professors Negation field

mere spatial proximity to an experimental set-up causes all working
demonstrations to fail, despite the apparent laws of Physics or how
many times it worked right before he/she walked into the room.

5¢rm % A Professor's Negation Field is the unexplained phenomenon whereby

The Sphere of Death,
Allowing your expenment

within arm's reach of your
Advisor risks the possibility
of immediate destruction.
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Accurate Optimizing the control with respect to robustness to deviations in part
placements location relative to robot end effector (gripper)

* From an industrial application at a
local Danish company

 Task: Place the two union nuts on
the pipe as shown

* Several steps in the task, but main
objective here is getting the nuts

onto the pipe

* Simple pipe and nut feeders used
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Accurate

FACULTY OF ENGINEERING

placements

Optimizing the control with respect to robustness to deviations in part
location relative to robot end effector (gripper)
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Accurate
placements

Optimizing the control with respect to robustness to deviations in part
location relative to robot end effector (gripper)

(s0) Selection and
configuration l
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Optimizing the control with respect to robustness to deviations in part
location relative to robot end effector (gripper)

Accurate
placements
M Selection and

configuration
of hardware.

(84) Modeling of
hardware for
simulation,

Sequence of events
in the assambly
process.

(88) Actions described
by semantic event
chains,
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Initial
movement
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compliance —_—

(88) Simulation of trial
actions.

M Testing of trial
actions
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Optimizing the control with respect to robustness to deviations in part
location relative to robot end effector (gripper)

Accurate
placements

(59) Selection and
configuration
of hardware.

(84) Modeling of
hardware for
simulation.

Sequence of events

in the assambly
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(88) Actions described A

by semantic event \
. |
chains, o @ 1
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=
-,
-+
Action Library

Actions paramet-
erized as e.g. PMF.

(88) Simulation of trial

E actions.

(s8) Testing of trial
actions
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Optimizing the control with respect to robustness to deviations in part

Accurate
placements location relative to robot end effector (gripper)
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Accurate Optimizing the control with respect to robustness to deviations in part
placements location relative to robot end effector (gripper)
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Examples of using digital modeling and
simulation for cobot assembly

Precise dynamic simulations of vibrational feeders for virtual design
and optimization of traps and trap sequences

Feeding
techniques
Accurate
placements

Robots and
Humans

Optimizing the control with respect to robustness to deviations in part
location relative to robot end effector (gripper)

Simulation of functionality of overall system.
AR/VR simulations for training of shop floor workers

Easy programming using building blocks
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Humans work as robots
(and safety/working condition is treated rather liberally)

Robots and
Humans

i CAUTION|

THIS MACHINE
HAS NO BRAIN
USE YOUR OWN

\_ J
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Simulation of functionality of overall system.
Humans AR/VR simulations for training of shop floor workers

Robots and

Test facilities: Production realistic laboratory at SDU

Simulation from overall system to detailed processes
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Robots and Easy programming using building blocks

Humans

v

Input condition

Action Type
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Expected output




Input condition \

. Graspable object
detected

FACULTY OF ENGINEERING

UNIVERSITY OF SOUTHERN DENMARK.DK

Grasp cylindrical
object with gripper X

Align object

Check

using gripper X

Programming with building blocks

Check

> Move object to fixture

Mount object on
fixture using gripper X

Check

SDU Robotics

4

Expected output
. Object correctly
in fixture




Summary: Tools for Cobot Assembly

Initial
movement

Smart building blocks ‘

Building block parametrization
(intuitive for the user)

Direction of
compliance

* Hvad det er for redskaber og kompetencer, der skal til
for at Igse de opgaver, som udviklingen kraever?

* Hvilken betydning det far for arbejdsmarkedet, nar
arbejdsstyrkens aldersspredning gges med den stadigt
stigende tilbagetraekningsalder?

Simulation of assembly lines,
Cells, processes incl. AR/VR
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World Robot Summit (Tokyo, Oct. 2018)
Industrial Assembly Challenge
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Outline of challenge in pictures
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Our robot cell

SDU Robotics’ multi-purpose/multi-robot platform — Physical lab setup (left) and Digital Twin (right). Two UR10e
industrial robots on stands are working in a shared workspace over a central worktable. A sensor frame carries lights
and sensors to monitor the workspace.
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applied to compete of whicwere selected. Among them SDU Robotics (us).

ey T
Cambridge Robotics United Kingdom University of Cambridge
CMIT Robotics Thailand Kasetsart University
Robotic Materials U.S.A. Robotic Materials Inc.
BerlinAUTs Germany TU Berlin UNIV.
Team SAGAMIHARA Japan MEMO Technos Corp.
Team. ALGoZa Japan Chitose Robotics Inc.
3up technology Japan 3up technology
YH-CASIA China Institute of Automation, Chinese Academy of Sciences UNIV.
FA.COM Robotics Japan office FA.com Co.,Ltd.
Team The Robot System Integrators Japan -
ARTC Singapore -
CPF Robotics Thailand CPF
hippopoTaMUs Japan Tokyo Metropolitan UNIV.
SDU Robotics Denmark University of Southern Denmark
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| Hvad er digitalisering? - AVT X W 2018 FIFA World Cup knockout = X +

c & https://en.wikipedia.org/wiki/2018_FIFA_World_Cup_knockout_stage#Round_of_16
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Bracket [edi]

Round of 16 Quarter-finals. Semi-finals

30 June — Sochi

2= Uruguay 2 .
& July — Nizhny Novgorod
El Fortugal 1 =
2= Uruguay
30 June — Kazan = 5
rance
B I France 4 LL )
- 10 July — Saint Petersburg
Argentina
2 July — Samara B A France ! (- \“
uly — - : ¢
4 - 1 1 Belgium 0 *
Brazil 2
= 6 July — Kazan
+[] Mexico
LI Brazil 1
2 July — Rostov-on-Don i 3
elgium
B 1 Belgium 3 UL L
7 5 15 July — Moscow (Luzhniki)
@® Japan
E B 0 France 4
1 July — Moscow (Luzhniki) - -
= == Croatia
== Spain 1(3)
e T 7 July — Sochi
”- ussia (p) @  Russiz 203)
- Croatia 2(4
== Croatia (p) kel Croata (i = -
11 July — Moscow (Luzhniki)
B Denmark -
== Croatia (a.e.t.) 2
England 1 Third place play-off
B Sweden c = Eng place play
- T July — Samara 14 July — Saint Petersburg
3 Switzerland 0 -
— BB Sweden 0 B 1 Belgium 2
3 July — Moscow (Otkritie) i 5 e
nglan ngian:
i Colombia 10) ~+Fng = Fng
— England (p) 114)

Round of 16 [edit)

France vs Argentina [edit]
The teams had faced each other in 11 previous matches, including two World Cup group stage matches, both won by Argentina (1-0 in 1930, and 2—1 in 1978).[9]
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Vi er bedre til robotter... ©
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Verdensmestre i robotter: .
Forskerhold fra SDU vinder 5 Stpper in
uofficielt VM i Japan i medatojdr
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Thank you for your attention |
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