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Automated Driving Systems

Russell, Stuart J.; Norvig, Peter (1995). Artificial 
Intelligence: A Modern Approach. Prentice Hall. 

Intelligent Agents
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• A formal basis for describing, communicating and inferring 
 particular operational truths as well as 

 the belief and knowledge representing the awareness or comprehension of such truths

Knowledge-Base (KB) Strategy 
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ADS Uncertainty

 Aleatory uncertainty - contextual complexity, e.g. unknowns due to emergent 
properties of traffic objects (i.e. Environment). 

 Epistemic uncertainty - perception issue, caused by systematic unknowns 
caused by probabilistic algorithms, restricted observability, physical limitation, 
hidden variables, under-specification or semantic ignorant.  

 Capability uncertainty - actual performance of a system
 Anomalies i.e. the faults or errors exhibited by the computation and communication resources 

and vehicle plant, could result in additional nondeterminism of control functions. 

“Unjustified 
Belief”

Safety 
Agent
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ADS Safety Engineering Challenges

Safety: Absence of unreasonable risks of causing damages to 
life, environment, or property
 Negative physical/chemical impacts (energy, harmful material) 

 Level of risk acceptance (fault avoidance, removal and tolerance)
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ISO26262

Wired behavior

Coded behavior

Trained behavior

fault avoidance, removal and 
tolerance
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Integrating UM, KB, and 
EAST-ADL:
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Operation-Action Perception
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Uncertainty and Risk Inference
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Brake failure (worst case by FTA)

Perception performance (likelihood, TP)
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Conclusion

• AD exhibits uncertainties due to the operational contexts, the  perception, computation 
and communication capacity.  

• An knowledge-base constitutes the basis for an operation-action view
• Requirement engineering, …
• Safety engineering …

• For quality assurance, a paradigm shift in the engineering is needed for a systematic 
uncertainty management
• Uncertainty modeling and probabilistic satisfaction assessment (residual risks)
• Advanced safety “agent” for 

– state estimation and dynamic risk assessment
– Knowledge enrichment and insurance cases 

10



WAISE18, Safecome18. 18 Sep., Västerås, Sweden © DeJiu Chen  (chendj@kth.se)

UM for Belief State Modeling

11

http://www.omgwiki.org/uncertainty/doku.php?id=start
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EAST-ADL  – An Architecture Description 
Language (ADL)
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http://www.east-adl.info/


