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Motivation

unstructured, 
dynamically changing 
environment

complex control systems

no explicit fault / world 
model

-> fault-tolerance,         
safety

-> engineering 
bottleneck

Autonomous mobile robots in dangerous environments



ORCA –
Organic Robot Control Architecture

BCU = Basic Control Unit
OCU = Organic Control Unit

OCU-Architecture

- Monitor:    anomaly detection 
- Memory:   short term history (learning)
- Reasoner: hard real-time determination 

of a counteraction

 Variant of Observer/Controller Architecture



Platform: 
six-legged walking machine OSCAR

New Features:

- Stronger digital servos

- Feedback of internal servo states

- Enhanced lifting capacity

- Sensor turret

- Leg-(de)attachment

- More computational power



Robot Leg Amputation
Mechanism (R-LEGAM) 
(Patent pending)
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Robot Leg Amputation
Mechanism (R-LEGAM) and 
SIRR (Swarm Intelligence for Robot Reconfiguration)
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Emergent Reaction to
Externally Acting Forces
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Emergent Reaction to
Externally Acting Forces
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Emergent Reaction to
Externally Acting Forces: Active Complying
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Emergent Reaction to
Externally Acting Forces: Step Reflex
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Emergent Reaction to
Externally Acting Forces
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Reflexes

Search reflex Elevator reflex



behavior level

planning level

reflex/leg behavior level

ORCA



Methodological Work Package



Adressing Safety Issues

BCU

input 
uncertainties

output 
uncertainties

! Output HS not higher than input HS

 fusion by t-norm operators for
non-redundant systems

 generalization for redundant
systems: Choquet integral

Choquet integral: from theory of
multicriterial decision making

 consider redundancy
 consider interaction

S: set of input sources
f: assign HS to input source
F: algebra over S
v: assign weight to elements of F



Adressing Stability-Plasticity-Issues

Technical
process

BCU

OCU

uncertainties

uncertain
local

sequential 
stimuli

 ill-posed learning problem
 regularization required

Incremental regularization by the
SILKE approach (System to Immunize
Learning Knowledge-based Elements)

 convergence results: zero-order sTS (self-optimization)
first-order sTS (self-modelling)

Controlled Self-optimization:

[3]



Adressing Stability-Plasticity-Issues

self-optimization: learning rate λ
regularization: adjustment rate 
α

Flexible enough
React to new conditions as fast as possible

Stable enough
Protect knowledge from uncertainties

Optimal choice of (λ,α)
depends on operational
conditions

FRANCA approach
(Flexible Rate Adaptation for
Neuro(-fuzzy) Control Applications)

1. Monitor success of learning
2. Update (λ,α) by heuristic rules
3. Perform learning step
4. Perform regularization

!

[4]



FRANCA approach

Courtesy of Bosch



Adressing Exploration-Exploitation-Issues

difficult for critical systems, esp. control systems

Explore
obtain new, productive learning stimuli

(low performance now, possibly high in future

Exploit
pursuit current goal

(high performance now)

self-modelling
and

self-simulation
(first-order sTS)

trust-based decision module

IPC (Integrated Predictive Control):

[5]



Methodological Work Package



Outlook
Key issues for third period:

• Integration of a learning methodology into anomaly detection method RADE

• Activation of additional reflexes or deactivating of reflexes done by an OCU to 
compensate strong anomalies

• Integration of OCU/BCU into OSCAR planning layer, fault tolerant mission 
planning and replanning

• Regionally specific control of self-optimization by SILKE approach

• Interacting self-optimizing systems

• Self-adaptive reaction to anomalies in BCUs and OCUs

 Joint demonstration scenario (environmental monitoring)
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