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About ABB

ABB Offer: Divisional Structure and Portfolio
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Power Power Automation Process Robotics
Products Systems Products Automation

Sales: $9.8 billion Sales: $5.8 billion Sales: $8.6 billion Sales: $6.4 billion Sales: $1.4 billion
Transformers, high- Substations, FACTS, Low-voltage Control systems and  Robots, peripheral
and medium- HVDC, HVDC Light,  products, drives, application-specific devices and modular
voltage switchgear, power plant & motors, power automation solutions  manufacturing
breakers, network automation electronics, and for process solutions for industry
automation relays instrumentation industries

* 2007 revenu



Technology Innovation in ABB
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www.abb.com/

technology

Objectives

Maintain and build up technology leadership in
power and automation products, services and
applications

Research and Development

> 6,000 researchers and developers worldwide
(1,300 Corporate)

New R&D center opened in China in 2005,
following earlier expansion in India; more than 70
university partnerships in U.S., Europe and Asia



Key Facts: ABB Robotics
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About 4500 employees worldwide
2007 revenues $1.4 billion

Key Deliverables:

Industrial robots and software

Standardized manufacturing cells for
material handling, welding, cutting,

painting, etc.

Turnkey solutions in press automation, Over 150,000 ABB
body-in-white, paint processes, power train robots installed
assembly worldwide

World-wide service
Customers Served:
Automotive and Tier 1 suppliers

General industries such as foundry, metal
fabrication, plastics, electronics, consumer



About ABB

ABB Robotics: Global resources to serve customers
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4500 employees
150,000 robots i »

, S mstalleq,&: o
'*-t
Deliverables:
Products
Systems
Service

@ Factories & R&D
O Corporate Research Labs

O Systems Lead Centers
@ Local Operations

Committed to both established and emerging markets

Largest robotics service network
Revenues by region: EU 50% - NA 35% - Asia 15%




Industrial robot market growth (in units)
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IR Market

Sources. United Nations Economic Commission for Europe, International Federation of Robotics



Why do companies buy robots today?
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Increase productivity and reduce manual labor costs

Increase flexibility / variants and volume

Improve Life Cycle Cost

Improve quality

Reduce environmental impact

Improve work environment




But: The world is changing

IR Market
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IR Market

And: The market is moving
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Adapt to factory. Share
real world k methods.

Adapt to

Advanced service robots (4+ axes) v New players
— :
Share components, and humanoids | '
software &
methods

New players




Need drives research

IR Market
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Global trends,
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Global society trends
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Global economy, cost pressure
Energy shortage & global warming

Individualized societies

Customer expects guality at low cost

Rising labor cost in "low cost countries”

Aging & shrinking workforce in industrialized countries
Fewer skilled integrators in some countries

Computer literates in Eastern world



Future workforce

Global trends
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Europe - labor shortage
Workforce is aging rapidly

Between 2004 and 2050, the
working-age population (aged 15—
64) will fall by 48 million, or 16
percent

United States — skill shortage
Workforce is aging rapidly

"White” baby-boomers retire in
large numbers

Replaced by groups with
traditionally lower skills due to
limited access to education




U.S. - Lack of welding experts

Global trends
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Welding experts employed in U.S. alone:
> 600,000

Annual welding labor cost annually:
14 BUSD

Average age: > 54

Annually retired welders: 50,000
Annually educated welders: 25,000
Potential shortage 2010:

> 200,000 professional welders

Source: American Welding Society

Future need for easy-to-use robots with
welding knowledge!




Shrinking European work force
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EU-25 will lose 0.4 to 0.9% of GDP growth.
SMEs will suffer first.

Robots will make a difference!

Need for more, easy-to-use industrial robots to replace retired workers.
Need for assistance robots to support elderly workers.

Need for service robots to support the elderly at home and elsewhere.

Global trends




Individualistic societies...
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From Sociology:

“In collectivist society, [...] the individual
has little choice. How one develops and
what one will do depends very much on
ascription. [...]

Individualistic society allows more
variation. [...] Psychologically, its
members develop more different and more
differentiated, and over the lifetime they
change more. [...] iIndividualistic society is
more responsive to (change in)
Individual demands...”

Ruut Veenhoven: QUALITY-OF-LIFE IN INDIVIDUALISTIC SOCIETY.

DeJdong, M.J. & Zijderveld, A.C. (eds) 'The gift of society' Enzo Press 1997
Nijkerk, The Netherlands, ISBN 90-74670-08-3, pp 149-170



... Create product variety
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Other factors:
Growing wealth
Geographic & cultural differences
Competing brands

1980

Global trends




More variety...

Global trends
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What once was only functional ...

... has become a lifestyle product range




Product
...requires flexible and adaptive production
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Humane

Lean - low Invest

Constant high quality
Reconfigurable or flexible
Little space

Meet cycle time

Short ramp-up

Rolling launches

Virtual engineering
Globally applicable



Product

Industrial robotics needs Needs
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cost

sustainability

instruction

configuration

adaptation

collaboration

communication

positioning

dependability

special
application
needs

Material and life cycle cost better than competition,...

Lower power, less material, recyclable, cable-free, ...

Natural, task-level, interactive, multi-language or symbolic, ...

Easy, fast, reusable, ...

Adapt automatically to variations, change quickly to new configuration, ...
Cooperating arms, assist humans, collaborate with humans, ...

Use existing standards, proprietary where sensitive, ...

Good enough in simple apps, stiff and fast where required, ...

Safe, failure prediction, help find the error, software maintainability, ...

Many new applications...




Different standards

Product
Needs
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Press tending in China

EN 693 Power Presses Safety



Lean Safety

Innovations
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SafeMove:
Fail-safe robot motion

Communication:
Safe field busses replace
hard wiring

A

& Lean & Safe Q

A

|7

Lean guards:
Replace fixed guards by
sensors and electronics

N
Lean robots:

Simplify robot design
by electronic motion
limits

«

New business
potential
T

Robot By employing lean safe_ty concepts,
adomaon cost can be reduced without
sacrificing safety

This will also enable semi
automation (human/robot
| | cooperation, robot assistants)

0% 20% 40% 60%

Degree of automation

g%  100% in new applications



Easy programming for arc welding

Innovations
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VirtualArc®

PC expert system for tuning
welding parameters

Neural network kernel
For retaining welding expertise

Kaddani, Skarin, Daneryd et.al. (2002-2008)

RobotCoach (Conceptual study)

Welding robot programming for
non-experts

Symbolic, object-oriented

Lowering threshold for robot
automation

Fuhlbrigge, Rossano, Zhang et.al. (2005)




FlexLean®

Innovations
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Modular and flexible automotive assembly line
Up to 8 models on the same line
Lower invest than conventional lines

Short ramp-up time

Flexible fixtures & grippers

Negre, Legeleux, Grosdemange, Soetebier, Kock et. al. (2006-2008)




Stiff and fast robots for material removal

Innovations
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Tau robot

Light-weight wrist motor/gear unit
Cooperation with Gudel, HDD, and Lund
Result of SMErobot

A

Brogardh, Hovland, Nilsson et. al. (2007)

University

Brogardh, Stridsberg, et. al. (2007)



Research
Human and industrial robot — history and future
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1975 Competition

1990 Coexistence

2010 Collaboration

2025 Colleagueship



Research

Human-robot collaboration in the future Directions
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Reference image Human in cell Difference image

Human space Robot space Safe cooperation

Henrich, Gecks, Krieger, Matthias, Unger (2006) SIMERO



Robot instruction roadmap

Research
Directions
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Intuitive instruction methods
Offline programming
Icon-based
Teaching by demonstration
Speech input
Teaching by imitation
Task-based programming Hofschulte (2007)
Natural language

Autonomous methods
Self optimization
Self learning/exploration
Self localization
Automatic programming

Chen (2006)




Sustainability

Research
Directions
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A robot is a very energy-
efficient machine

We are constantly performing
R&D on energy efficiency and
environmental friendly
processes

Smart power electronics

Efficient motor control

Weight reduction

Optimal cell layout

Energy regeneration

Servo motors instead of pneumatics

Energy-efficient processes (laser,
roller hemming, water cleaning etc.)




_ Research
New opportunities Directions
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Automotive ass’y
line: More then 95%
automated

Food line: Less than 5% automated.

Food industry has problems with hygiene and availability of labor.



Research
Computers will have human brain power by 2025 FERELESELE
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Computing power doubling every year
What to do with it? When will robots have artificial intelligence?

From: Ray Kurzweil, The coming Merging of Mind and Machine, Scientific American 2008



Need drives future research
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cost

sustainability

instruction

configuration

adaptation

collaboration

communication

positioning

dependability

special
application
needs

Better & cheaper gearboxes
Low cost sensors from volume applications
Ontology for generic description of the world

Research
Direction

Task-based programming

Situation awareness & collaborative modes
Injury risk models for better safety standards
Assistive robots for heavy handling

Easy configuration methods

Natural human/robot communication

Easy integration and commissioning
Programming and control of multiple arm configurations
New applications, also IR as service robot
Dedicated vision solutions

Dedicated kinematics

Autonomous robots in production?




Recommendation
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Don’t try to re-invent the wheel. Shop around,
find synergies with other communities

Industrial robotics is still a moderately sized business,
development in industry is slow.

Look at gaming, internet, home entertainment, ...

Commercial brain interface for robots? Years away.
Brain interface for gaming? 6 months away.

Wireless in robotics? Still not there. Wireless in office,
home, automation? State-of-the-art.

Force sensor for robots 10,000 USD.
Haptic interface for gaming: 200 USD.




Conclusion
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It is an exciting time to be in robotics.

It is our responsibility as researchers to help the
European society mastering future challenges.

Both service robotics and industrial robotics will
play a vital role in coping with aging and
shrinking communities.

Strong cooperations between robot and sensor
suppliers and European universities are
needed, with support from the commission.

The future is only 2 EU projects away. Not
much time to solve the problems.

Need drives research.

r

Research
Direction
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Power and productivity
for a better world ™

http://www.abb.com/careers




