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Active Noise Control in Vehicles or Buildings
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[8] A headset with active noise control based on
feedback includes a loudspeaker, a microphone
and an (analog) controller. This last sits against
the listener’s ear, inside the earshell.
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[7] An active noise control system
using feedback includes an elec-
tronic controller, loudspeaker and
microphone [far left]. An equiva-
lent block diagram [left] shows a
closed feedback loop, designed
to minimize the error between
the disturbance (the noise to be
canceled) and the output of the
loudspeaker (the secondary, or
noise-canceling source).
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[9] Noise levels in the cabin of a military vehicle may reach 120 dB, close to
the pain threshold. A conventional headset (without active noise control)
attenuates the sound at frequencies upward of 125 Hz by 10-20 dB.

A headset with feedback-based active noise control, however, reduces
the sound level at low frequencies—below 300 Hz—by 15 dB or so.

SOURCE. P WHEELER, ROYAL AERONAUTICAL SOCIETY
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Neues von dem U.nternehmen, das die ersten Noise Reduction Headphones vorgestellt hat.

Jetzt haben Sie die Wahl.

Vor 28 Jahren begannen wir mit

der Erforschung der Noise Reduction
Seitdem

Technology. haben wir unseren Spitzen- : s sind die neven QC3 H,m Zum
plalz in diesem neven Produktsegment behauptet. . o = e

en  QuietComfort” Headpho Lr
2. Sie ruhen auf lhren Oheen, statt sic
0 hl sie- noch einmal deutlich kieiner sind
gezeichneten QuietComfort 2 Headphones, bieten

Gebiihrenfrei anrufen, gleich bestellen oder Infos anfordern unter:

r (0800) 267 EEEE

Intemet: WWW.bose-qc3.de

Better sound through researchs

Acoustic Noise Cancelling Headphones



Magnetic Confinement Fusion (MCF)
Nuclear Fusion: D + T ==> He + 1 neutron + energy

Stabilisierung der Plasmalage (radial / vertikal)
Stabilization of 2 DoF Plasma Position in Tokamak

Sternenfeuer im Labor

Bei der Verschmelzung der schweren Wasserstoffkerne Deuterium und Tritium zu Helium wird nutz-
bare Energie freigesetzt. Um die Kernfusion zu ziinden, miissen hochste Temperaturen - ahnlich den
Bedingungen in der Sonne oder bei Wasserstoffbombenexplosionen - erzeugt werden.

TOKAMAK =
Transfor-~ &

mator-
spule

i WCICREUERITEY Fin dinnes Gas aus Deuterium- und Tritiumkernen

(.Plasma“) kreist in einer Vakuumkammer. Machtige Magnetspulen halten das Plasma in einem kreis-
oder spiralformigen Magnetfeldkafig in der Schwebe und heizen es auf iiber 100 Millionen Grad auf.

= Im Tokamak stabilisiert, neben den umschlieRenden Spulen, ein von einem zentralen Transforma-
tor erzeugter Strom im Inneren des Plasmas den Magnetfeldkafig.

Energy Source of the Future



Central OH-Coil - OH-Stray Field
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Wind Turbine + Generator

Repower 5M, largest worldwide
Power: 5 MW
Rotor diameter: 126 m
Height: 90 m on land
120 m at sea
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Adaptive Optik  Entzerren einer

Wellenfront

Die Optik blndelt zun&chst das in
das Teleskop einfallende Licht, das
anschlieBend auf einen verformba-
ren Spiegel fallt. Von dort wird es auf
einen weiteren Spiegel reflektiert,
der Bildbewegungen ausgleicht.
Uber einen Strahlteiler gelangt ein
Teil des Lichts auf einen Sensor, der
miBt, wie stark die einzelnen Berei-
che der Wellenfront verzerrt sind;
eine Elektronik ermittelt sodann die
erforderlichen Ausgleichsbewegun-
gen fOr die beiden Spiegel. Das
kompensierte Bild wird von einer
Kamera aufgenommen. Die untere
Bildreihe zeigt unkorrigierte und kor-
rigierte  Aufnahmen des Hubble-
Weltraumteleskops und eines Dop-
pelsternsystemns, wie sie von der
Erde aus gewonnen wurden.
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Transatlantic Tele-Surgery by Visual Feedback:
Strasbourg — New York




Electronics,
Information
Technology

Mechatronics

Figure 1.13: CE and mechatronics

“There Is no piece of mechanics
that can be made smarter by electronics”



By-Wire Cars

Turn the Corner

Replacing a car’s hydraulic systems
with wires, microcontrollers,

and computers promises better
safety and handling—but will
drivers buy it?

® Steer-By-Wire Enhances
Car Wheel Control

Only wires [green] may relay signals from a car’s steering wheel to its
front wheels in a front-wheel steer-by-wire system. And an electrically
actuated motor, not a mechanical link with the steering wheel, turns

the front wheels,




Active Aktive Gebaude-Schwingungsdampfung IHI
Damping .
Control Y i

of Civil Hybrid Mass Damper (HMD)
ENQINEEring e’ toreion nisced oy wond ond

earthquake excitation on large bridge towers
Structu res and high-rise buildings.
The hydrid mass damper system provides
high damping performance to secure the
amenity of living spaces in structures.

Skyscraper

RS —
Control tower
Main tower of bridge
TWO AXES HMD
Auxiliary mass | Reduction Ac servo driving
of Y axis gear| _  motor of Y axis Frame of X axig
- Roller ] Buffer of X axis Spring Reduction gear
= Bick . Auxiliary mass
/ Z of X axis
Vibrating body 7 AN axis Buffer of Y axis /
/cStruclure) 4 3
j wh ﬁé S
X axis =
= Basa frame Vibrating body
Ruck (structure)
[~ _ Ac Servo motor
Ac servo driving motor Pinion of Y axis
- X axis _. Frame of ¥ axis Ac servo motor
@ Roller e of X axis
Reduction gear Augxiliary mass Connecting rod

Ishikawajima-Harima Heavy Industries Co., Ltd.
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Semi-Active

Control ~ Piezoelectric

System - 2 S/ )
Clamped beam

Fig. 1. Shunt Damping
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Figure 6.1: a) Different switching shunt topologies b) Electrical equivalent model of

the shunted piezoelectric composite structure.
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Vibrating
Atomic Force
Microscope
(AFM)

Das dynamische Rasterkraftmikroskop

Schwingende Sonden loten Kraftfelder aus

Spiegel /. e %) Detektor-
/,(" . signal
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i o ————
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Schematischer Aufbau eines Rasterkraftmikroskops

Wechselwirkungskraft  FFOFCe

Distan

Abstand z

@D
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BEIDE ABBILDUNGEN PH“S:‘KALIS{.HEWTITUT_ WESTFALISCHE WILHELMS-UNIVERSITAT MUNSTER

SPEXTRUM DER WISSENSCHAFT
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Optical Disk Drive

Address detection

Signal detection

LD power control

Focussing control

Tracking control

Linear motor control

Rotation motor control

|/F
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Adaptive
Structures:

Active Car-Body

Werkstoff
-wissenschaften

Struktur

SensorikiAktuatorik im -, 4
Dachblech (z.B. Piezo-

PET-Fagern

PZT-Falien
keram. Fasermodulg) )

4

Leistungs,- Steuerelektronik
Signalverarbeitung

Sensorik/Aktuatorik
In Holmen
(z.B. Piezo-Stapel)

Adaptive Struktursysteme: Aktive Karosserie
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RESOURCES

SMART SHOES

Are your running shoes too hard for running on
asphalt? Too soft for a dirt track? No matter, be-
cause, according to Adidas-Salomon AG, in
Herzogenaurach, Germany, the Adidas | running
shoe will continually adjust the firmness of its
heel to make sure it always feels right: softer on
concrete, firmer on grass, for example. (Test
shoes were not available at press time.)

The preferred firmness of a cushion in
the heel is selected when you push ei-
ther of two buttons on the side of the
shoe, one carrying a plus sign,
the other a minus. These in
turn activate a motor that
tightens or relaxes a steel
cord to give the heel its
variable firmness. Five
light-emitting diodes on
each shoe indicate the
firmness levels.

The hollow plastic cush-
ion in the heel contains a Hall Effect sensor,
which reads the strength of an electromagnetic
field created by a magnet near the bottom of the
heel. As the runner’s foot strikes the ground and
the plastic cushion is compressed, the sensor

measures the
change in field
strength. It sends
this datato an embed-
ded 20-megahertz micro-

processor in the shoe's arch, which calculates to
within 100 micrometers just how much the cush-
ion has been compressed, and adjusts the cord

ADIDAS | RUNNING SHOE + US $250 + http://www.adidas.com

tension to maintain a constant level of firmness
nho matter what you're running on. This cycle of
sensing, measuring, and adjusting happens
10 000 times a second. You won’t notice the
cord'’s tension changing until you start moving,
because the motor is activated only when the
foot is in the air. This ensures that it is not wast-
ing energy by fighting against the runner’s weight.
The Adidas | is expected to hit stores
in December. iy
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Electrodes

Lateral grasp

Electrode leads '

Transmitting coil

Shoulder
position
sensor

External controller

Palmar grasp

CASE WESTERN RESERVE UNIVERSITYALLUSTRATION: STEVE STANKIEWICZ

[2] The user of the Freehand
System controls a paralyzed
hand with a sensor supported
on the opposite shoulder [top].
Its position is calculated with
reference to the position of
the chest. The sensor’s signal
is sent outside the body to a
microcontroller, which digitizes
the signal and sends it to a
transmitting coil over the im-
planted stimulator. By shrug-
ging a shoulder in different
ways, the user can choose
between a palm grip or a
pinching grasp [bottom].

Hand Neuro-
prosthesis

18



C-Leg® Microprocessor Knee

The Otto Bock C-Leg® and Otto Bock Compact™ microprocessor-controlled
knees are designed to deliver the best in stability and reliability. Both knees
utilize easy-to-charge lithium ion batteries with 40-45 hours of power.

The Technology that offers Day-to-Day Stability

Otto Bock's highest priority when developing the C-Leg® was
to provide optimal stability during the gait cycle. Using unique
algorithms developed from studying how thousands of people
walk, combined with input from multiple built-in sensors, the
microprocessor determines the phase of gait. Then, automatic
adjustments are made to the knee's function to provide
stability -- right when it is needed.

Here's how it works:

Force sensors in the pylon detect loading of the foot and ankle.
Additional sensors read the precise angle of the knee joint. i
This data, along with swing speed input, is read 50-times per i
second by the on-board microprocessor = |
The result is increased stability, ease of swing, and greater _ﬂ
efficiency with every step! There's even a knee-disarticulation

version available.

19



UM =

One-dimensional Cursor Control
with a non-invasive

: Il
Brain-Computer-Interface SCUTIEap

display

MORITZ GDROSSE-WENTRLUP
MarTin Buss

INST. OF AuTDMATIC CONTROL ENG.
TECHNISCHE LINIVERSBITAT MUNCHEN

EEG-based Brain-Computer-Interface (BCI)
EEG = electroencephalography (brainwaves), Bio-Feedback 20



Innovative Transportation Technology
for the International Market

P

Transrapid International

i
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Comparison of Systems i
Railroad / Maglev system Transrapid International

Wheel-on-rail Electromagnetic
Levitation

¢ Guidance

ey

Propulsion
: Propulsion
Support

Support Syste m Com pone nts Transrapid Intemational

Electromagnetic Levitation

Magnetic Levitation
and Guidance

Guidance Magnet
Eddy Current Brake

Guidance Rail




Stabilization of Unstable 1-Axis Vehicle

Segway HT control flow o

position feedback

Steering .
impuls
: s e Controller :
P ouver

bl otor commands
Inerial data and data
(rmaching position with
respect o vertical

Sensar
asserminy

Segway Roller (Dean Kamen)
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Hybrid Engine System
Operational Modes:
Start and low speeds, driving under normal conditions, sudden
acceleration, deceleration and braking, battery recharging, at rest

BATTERY

GASOLINE ENGINE

GEMERATOR

POWER CONTROL UNIT
(Inverter, voltage-boosting
converter)

POWER ELECTRIC MOTOR

SPLIT DEVICE

REDUCTION
GEAR
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4D-Lasercamera

Autonomous Driving:
Project AnnieWay
Uni BW Munchen + Uni Karlsruhe + Munchen ,
DARPA Urban Challenge Entrant 2007
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Bionics: The Housefly‘s Flight Control System
Example of Reverse (Control) Engineering

THE EYES HAVE IT: The fly’s compound eyes are the key to its
agile flight control. Each compound eye is composed of up to
6000 miniature hexagonal eyes, or ommatidia. Each ommatidium
compares what it sees to what its closest neighbors see to
determine the direction of the local velocity vector.

26



The Housefly‘s Flight Control System

A Comparison

Housefly S/VTOL-Aircraft, e.g. F-35

Sensors 80,000 sensory inputs (distributed on body) * Pitot tube (airspeed)

* 6,000 from compound eye (optical flow) * altimeter, height & rate

* hairs for airflow * gyroscopes, vanes

« rotation sensors (halteres) (sideslip, angle of attack)
Processing 300,000 neurons (most for vision) 1.1 million lines of code

300 neurons (for flight control) in Power PC

Actuators 12 muscles Control surfaces:

for 2 wings & 2 stabilizers (halteres) flaps, ailerons, rudders
Power- 3 Joules/sec / 100 mg 3 to 5 times as much
efficiency (aircraft, helicopter)
Maneuvering | High (up, down, backward, somersault, ....) low
capability
Evolution 300 million years 100 years
Feedback Sensor-rich Processing intensive
control

27




Flock of Birds

Formation Control

In a Group of Agents,
e.g. Humans, Animals,
Vehicles, ...

Swarm of Fish
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Automation:

As bottles move down belt, insomniac (1) counts them pretending
they're sheep. Bleating of sheep (2) scares canary (3) which flies off perch
singing and cuts the string (4) drcgaping glove that grabs bottle and lowers

)

it into box () and raises candle (6) that ignites rocket (7) that hits feather
duster (8) that tickles dog (9) who wags his tail with glue brush (10) and barks
(11) blowing sailboat against coconut (12) which rolls down gutter into
catcher’s mitt (13) that sends boxing gloves up to hit box flaps (14) and throws
baseball at target (15) that lowers stout lady on trapeze (16) to seal box.

the hard way.
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How Automation Made Decyphering
the Human Genome Possible

[3] The sequencing laboratory at the
Whitehead Institute [above] in Cambridge,
Mass., uses a number of automation ad-
vances. For instance, the Q-bot [above,
right] picks thousands of bacteria colonies
from agar-coated plates and places them in
wells filled with liquid growth media. DNA
purification [right] has also been automated
by a process invented at Whitehead.

PHOTOGRAPHS: STEPHEN ROSELIAISOMN AGEMCY INC

IEEE SPECTRUM NOVEMBER 2000 30
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Delay

v

Producer
Price Bid

Supply

Consumer

Lag
A

CerELITET Producer

>
Price Bid

Market Mechanism - A Feedback System:
Explanation of Business or Economic Cycles
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Greenhouse Effect: Retention of Energy
A prominent example of a natural feedback process

Storage capacity of

Earth's surface
+ atmosphere

Average global
temperature ¢
& >

Sun's Net absorbed
energy energy _
- T Energy

Energy traEE?q _b_y_ E:_Q%-.
radiated E E
Into i '
space ; [ ;

; 1 —p :

0<p<l

Reradiated
IR energy

due to human contribution of COy

Reradiation <
from earth
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Nine Ways to Cool the Planet

SPACE SHIELDS SPACE DUST

K refrac- icles in low
ould divert a partion sunlight and
y away from Earth cool the planet.
ooling the atmosphers. Tha A Closer orbit and I
ens would orbit between the manutacturing co
un and the Earth. make dust cheapar

A Mo pollution: can be turned on or

& launch- ¥ Costly to deplay and
, the 20 million i would require frequent
mash would cost roplonishment as solar

Climate Control
to Counteract
Greenhouse
Effect

IEEE Spectrum,

PARTICLES IN THE
STRATOSPHERE

Sulfate or ather reflective
particles injected at the equator
stay alaft in the stratosphere

for ane of twa yoars, roflecting
sunlight and cooling the plane!

A Principle proven by volcanic
eruptions: 5130 billion price tag is
relatively reasonabile,

W Increased acid rain, ozone
layer damage.

CLOUD COVER

Ships spray salt-water droplots
that make acean clouds more
long-lasting and refloctive,
cooling the planat,

A Pollution free.

¥ Would take same 5000
salt-water spraying ships,
at 52 million to $5 million
aplaca, to counter a carbon
dinxide doubling.

REFLECTIVE ROOFS

Simply painting roafs and roads white could cool
populated places by reflecting sunfight.

A Paint is cheap.

¥ A small offect becausa much of the sun's energy
iz absorbed in the air before it reaches the ground;
cooling is local and so could make the bocal

radiation drives dust down
toEarth

REFLECTIVE BALLOONS

Reflective balloons would bounce

a portion of the sun's enorgy away
from Earth bofore it had a chance

1o warm the surface or the

lawer atmasphere.

A Cheaper to launch than space
shickds or space dust.

¥ Wauld require millions of ballogns
that would eventually fall to Earth
as trash.

IRON DUST

Iron particles spread over
unproductive parts of the
ocean causa photosynthetic
plankton blooms. The plankton
absorh carbon dioxide. When
they die, they carry some car-
ban to the ocean bottom.

A Some experiments indicated
that thousands of motric tons
of carbon wara absorbed per
‘metric ton of iron.

W Unciear how much carbon is
permanently trappod; plankton
blooms can poison other
sealife.

REFORESTATION

Treas pull carbon dioxide out of the ait and use it 1o form wood.
& Uncontroversial and already accopted under the Kyata
Protocol.

¥ Most earbon uptake happens only in the carly part of a
forest's growth: new forests could compate with agriculture

May 2007 _ / SEQUESTRATION

A Alroady being intensaly investigated.
¥ Could bo oxpensive to deploy the tochnology
and store the carbon: carbon reservoirs could leak.
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