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Ef-ﬁ C I e nt a N d §a fe About the Project

The ESPLANADE project targets the complex question of showing that an
. . autonomous road vehicle is safe. This problem is significantly different
P ro d u Ct |_| nes Of A rc h |te Ct ures from safety argumentation for manually driven vehicies. Since the
automated driving system (ADS) has complete control of the vehicle in
— - — autonomous mode, part of its function must be to drive safely. There are
a number of methodological problems that need to be mastered in order

M -
E n a b | I n A u to n O I I l O u S D r I Ve to find out how to perform safety argumentation for the ADS. The scope of
this project is to solve these problems.

The project has a duration of three years, starting January 1st 2017 and
ending December 31st 2019 and is partly financed by Vinnova through the
FFI program, a partnership between the Swedish government and the
automotive industry.
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Russell, Stuart J.; Norvig, Peter (1995). Artificial
Intelligence: A Modern Approach. Prentice Hall.
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Knowledge-Base (KB) Strategy

 Aformal basis for describing, communicating and inferring
> particular operational truths as well as

> the belief and knowledge representing the awareness or comprehension of such truths
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ADS Uncertainty
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e Aleatory uncertainty - contextual complexity, e.g. unknowns due to emergent
properties of traffic objects (i.e. Environment).

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

e 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.
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ADS Safety Engineering Challenges %
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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) Trained behavior
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Core processes

Coded behavior

Wired behavior

fault avoidance, removal and
tolerance
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Integrating UM, KB, and g

ADS Architecture Model

EAST-ADL:
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Uncertainty and Risk Inference
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ED Brake failure (worst case by FTA)

Loss of car braking capability

@ P=7.7E9
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Latent loss of braking in both Latent loss of braking in both e ’
front brakes plus independent rear brakes plus independent . R '\ ‘ L.
loss of rear brakes loss of front brakes CE : :

Q P = 3.86E-9 Q P = 3.86E-9 U

L(S) < L(R), all possible executions
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* 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
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[01’:*‘ [ﬂ Uncertainty Modeling
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http://www.omgwiki.org/uncertainty/doku.php?id=start * M. Zhang, B. Selic, S. Ali, T. Yue, O. Okariz, and R. Norgren, "Understanding
Uncertainty in Cyber-Physical Systems: A Conceptual Model," presented at the
ECMFA, 2016. Available: https://www.simula.no/publications/understanding-
uncertainty-cyber-physical-systems-conceptual-model
* OMG. Structured Metrics Metamodel Available:
http://www.omg.org/spec/SMM/
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EAST-ADL — An Architecture Description E/NST-ADL
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