
MenschMensch--MaschineMaschine--InteraktionInteraktion in in 
hybridenhybriden SystemenSystemen

Prof. Dr. Johannes WeyerProf. Dr. Johannes Weyer
UniversitUniversitäät Dortmundt Dortmund

FSP Ambient IntelligenceFSP Ambient Intelligence

Kaiserslautern, 10. Nov. 2006Kaiserslautern, 10. Nov. 2006

Prof. Dr. Johannes Weyer Kaiserslautern, 10.11.2006      - 2 -

H
yb

ri
d

e 
S

ys
te

m
e

IntroductionIntroduction

•• managementmanagement of of complexcomplex systemssystems

–– ifif autonomousautonomous technology technology isis partpart of of thethe gamegame

•• micromicro--levellevel: : changeschanges ofof
interactioninteraction

•• mesomeso levellevel: : regimeregime changechange

–– newnew governancegovernance modemode
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AutonomousAutonomous technology?technology?

•• newnew typetype of technologyof technology

•• autonomousautonomous activityactivity, , interactivityinteractivity ((RammertRammert))

•• hybrid hybrid systemssystems
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AktivitAktivitäätsniveaus von Techniktsniveaus von Technik

1.1. passivpassiv

2.2. aktivaktiv

3.3. reaktivreaktiv

4.4. interaktivinteraktiv

5.5. transaktivtransaktiv

konventionellekonventionelle
TechnikTechnik
(instrumentell)(instrumentell)

avancierteavancierte
TechnikTechnik
(interaktiv)(interaktiv)

Quelle: Quelle: RammertRammert 20032003
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MicroMicro levellevel

•• distributeddistributed agencyagency

•• rere--distributiondistribution of of responsibilityresponsibility

–– cockpitcockpit: : assistanceassistance byby
autonomousautonomous technologytechnology

–– aviationaviation/ATC: /ATC: autonomousautonomous navigationnavigation
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InteraktionsInteraktions--KonstellationenKonstellationen

Menschen konventioneller
Technik

avancierter
Technik

Berechenbarkeit
regelhaftes 
Verhalten

vollständig 
berechenbar

undurchschaubar,
irregulär

Zuschreibung von 
Handlungsfähigkeit

ja nein teils/teils

Handlungstypus
a) strategisch

b) kommunikativ

a) instrumentell
(Konstrukteur)
b) strategisch

(Nutzer)

a) instrumentell 
(Konstrukteur)

b) adaptiv
(Nutzer)

Interaktion von Menschen mit ...
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MesoMeso levellevel

•• newnew uncertaintiesuncertainties and and risksrisks
–– do do theythey cooperatecooperate??
–– systemsystem out of out of controlcontrol??

•• governancegovernance
–– managementmanagement of of complexcomplex systemssystems
–– newnew modesmodes of of controlcontrol??
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ParadigmParadigm--shift(sshift(s) in ) in governancegovernance theorytheory

1.1. HierarchicalHierarchical, , centralizedcentralized controlcontrol (1950/60s)(1950/60s)

2.2. decentralizeddecentralized selfself--organizationorganization (1980/90s)(1980/90s)

3.3. ReRe--centralizationcentralization??
((centralcentral controlcontrol ofof
decentralizeddecentralized systemssystems))

so
ur

ce
so

ur
ce

: : R
oc

hl
in

R
oc

hl
in

19
98

19
98



Prof. Dr. Johannes Weyer Kaiserslautern, 10.11.2006      - 11 -

H
yb

ri
d

e 
S

ys
te

m
e

ContentContent

1.1. IntroductionIntroduction

2.2. MicroMicro levellevel: : interactioninteraction

3.3. MesoMeso levellevel: : governancegovernance

4.4. CaseCase studystudy aviationaviation

5.5. ConclusionConclusion: Future : Future pathspaths

Prof. Dr. Johannes Weyer Kaiserslautern, 10.11.2006      - 12 -

H
yb

ri
d

e 
S

ys
te

m
e

CaseCase studystudy aviationaviation

1920/30s: 1920/30s: looselyloosely coupledcoupled, , manuallymanually operatedoperated, , 
locallocal autonomyautonomy

1940s1940s--60s: international 60s: international standardisationstandardisation

1960/70s: 1960/70s: centralisationcentralisation,, increasingincreasing complexitycomplexity
(ATC)(ATC)

1980s1980s--2000: 2000: semisemi--automatedautomated system, system, 
decentralisationdecentralisation (TCAS)(TCAS)

2000s: global ATC 2000s: global ATC systemsystem ((FreeFree--flightflight)) so
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TCAS TCAS –– operational operational logiclogic

www.rannoch.comwww.rannoch.com//tcasf.htmltcasf.html (01.09.2004)(01.09.2004)
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ATC ATC oror TCAS?TCAS?

ATC

? decentralized
coordination

central
control

• U.S. freight plane
• small plane 
• military plane

TCAS

U.S. SOPs

Russian SOPs
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MidairMidair collisioncollision in in BrazilBrazil Sept. 29, 2006Sept. 29, 2006

sourcesource: : www.faz.netwww.faz.net

Boeing 737Boeing 737--800800

EmbraerEmbraer Legacy Legacy 
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TheThe MidMid--AirAir CollisionCollision at at UeberlingenUeberlingen in 2002in 2002

FAZ 20.07.2002: 7FAZ 20.07.2002: 7
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TheThe MidMid--AirAir CollisionCollision at at UeberlingenUeberlingen in 2002in 2002

•• pitfallspitfalls of of automationautomation

•• organizationalorganizational failurefailure

•• insufficientinsufficient trainingtraining

•• divergent divergent safetysafety culturescultures

•• unresolvableunresolvable conflictconflict
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ConclusionConclusion

•• regimeregime changechange
–– deconstructiondeconstruction of of thethe oldold regimeregime
–– constructionconstruction of a of a newnew regimeregime

•• transitiontransition periodperiod

•• different different optionsoptions

HabsheimHabsheim 19881988
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GovernanceGovernance mode (1)mode (1)

DecentralizedDecentralized selfself--coordinationcoordination
•• local optimizationlocal optimization

•• decentralized negotiationsdecentralized negotiations

RisksRisks
•• emergent effectsemergent effects

•• guarantee of safety?guarantee of safety?
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GovernanceGovernance mode (2)mode (2)

Central Central controlcontrol
•• global optimizationglobal optimization

•• toptop--down, loss of autonomydown, loss of autonomy

RisksRisks
•• totalitariantotalitarian controlcontrol

•• lossloss of of learninglearning
capabilitescapabilites??
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eSafetyeSafety reportreport of of thethe EU Commission (2005)EU Commission (2005)

•• newnew technologiestechnologies::

–– ESPESP

–– systemssystems withwith Intelligent Intelligent SpeedSpeed Adaptation (ISA) Adaptation (ISA) 
……, , whichwhich workwork in a in a forcingforcing and and interveningintervening
mannermanner and and couldcould reducereduce thethe numbernumber of of 
accidentsaccidents byby 35%  (35%  (itemitem 39)39)

•• 10 000 10 000 accidentsaccidents per per yearyear

–– alcolocksalcolocks

–– eCalleCall ((emergencyemergency callcall); ); mandatorymandatory forfor newnew
vehiclesvehicles fromfrom 20092009
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Car2Car Car2Car CommunicationCommunication

http://www.car-2-car.org/index.php?id=131
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TrendsTrends

1970

automatic

manual

central
decen-
tralized

1970

1970

1990

2010

2020

1990

1990

2010

2010

2020

2020

road

railway

aviation
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ThanksThanks forfor youryour attentionattention!!


