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Rehab-Robots: Safety-Critical Systems

� Persons more and more depend on the machine
� User, e.g. the driver of a wheelchair robot
� People in the surroundings, e.g. passengers in an airport building

� Designing a rehabilitation robot is designing a safety-critical system
� Malfunctions can cause severe harm to people
� Formal approach to design, verify and test
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What makes Shared-Control Special?

� Human operator and technical system jointly in control
� Divergent internal representation of current system state possible
� Result: mode confusion
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Mode Confusion

� What and where is mode confusion
� Divergent assumption about current system state
� Shared-control with varying prioritization between operator and automation  

� Primary sources for mode confusion (Butler et al., 1999)
� Opacity
� Complexity
� Incorrect mental model

� Error categories (Leveson et al., 1997)
� Interface interpretation error, operator authority limit

� Lack of appropriate feedback, indirect mode change

� Close relation to feature interaction (Cameron et al., 1994)
� Checking for inconsistencies in telecommunication contexts
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Mode Confusion Potential � Example

� Divergent mental and automation model
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Model-Checking for Mode Confusion

� Butler et al. (NASA Langley) and Rushby et al. (SRI)
� Automation can be modeled as a state machine

� Mental model of the automation as a state machine
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� Standard model checking tools can search for mode confusions
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Mode Confusion in Rehab-Robots

� Human-machine interface � Shared-Control

� Adaptability to specific needs of each particular user
� Mode rich

� Making use of a variety of sensors/actuators and interfaces

� Probably many levels of support

� Example: Bremen Autonomous Wheelchair “ Rolland”
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