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What is an AV confronted with?

societal aspects
legal regulations

|
=

i traffic signs

other traffic participants

How can we derive requirements in an open context that specify the desired vehicle behavior?
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» designing an automated vehicle requires the elicitation and analysis of concerns about vehicle behavior
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Motivation YL oo

METHODS

» designing an automated vehicle requires the elicitation and analysis of concerns about vehicle behavior
» concerns can be raised by all affected stakeholders in the operational environment
» every scenario considered includes interpretations of these concerns

» interpretations of concerns about the vehicle behavior are design decisions

- the semantic norm behavior analysis is designed to contribute to the
documentation of these decisions
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The foundation of target behavior
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natural language formulation of behavioral norms
Je7 translation
qOP b T —F === ===== F= = ========= 9= into target
YO/ behavior
machine-readable target behavior
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Interfaces of the semantic norm behavior analysis R VALIOATION
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Semantic norm Phenomenon-
behavior analysis Signal-Model

pedestrian

pedestrian crossing

legal rule

publication in process Beck, H.N., Salem, N.F., Haber, V., Rauschenbach, M., Reich, J., 2021. Phanomen-
Signal-Modell: Formalismus, Graph und Anwendung. arXiv:2108.00252 [physics].
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model entities and
relations

4>[ design a rule system

verify concepts and
rules in scenarios
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legal text

legal consequence
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legal text

offence legal consequence

§ 26 German Traffic Code Pedestrian Crossings [translated by Salem]

(1) | At pedestrian crossings vehicles with the exception of rail vehicles shall enable crossing to pedestrians as well as m

wheelchair users, who want to noticeably use the pedestrian crossing.
legal consequence

In that case vehicles may only drive with moderate speed. If necessary vehicles have to wait.
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METHODS

legal text

offence legal consequence

§ 26 German Traffic Code Pedestrian Crossings [translated by Salem]

(1) | At pedestrian crossings vehicles with the exception of rail vehicles shall enable crossing to pedestrians as well as m

wheelchair users, who want to noticeably use the pedestrian crossing.
legal consequence

In that case vehicles may only drive with moderate speed. If necessary vehicles have to wait.

general driver interpretation (rule 0):

If
pedestrian crossing + noticeable
crossing intention of person

Then
drive slow or stop

14.09.2021 | Semantic norm behavior analysis | Nayel Fabian Salem



Semantic interpretation of legal texts (in Germany) Rﬁ:ﬁ?ﬁ:ﬁi‘&""

METHODS

legal text

offence legal consequence

m' m/ ml

§ 26 German Traffic Code Pedestrian Crossings [translated by Salem]

(1) |At pedestrian crossings|vehicles with the exception of rail vehicles|shall enable|crossing|to pedestrians as well as wheelchair users,

who want to noticeably use the pedestrian crossing.

In that case vehicles may only drive with moderate speed. If necessary vehicles have to wait.

rule 0:
If pedestrian crossing + noticeable crossing intention of
person then drive slow or stop
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Semantic interpretation of legal texts (in Germany)

legal text

offence legal consequence
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(1)

At pedestrian crossings|vehicles with the exception of rail vehicles|shall enable

§ 26 German Traffic Code Pedestrian Crossings [translated by Salem]

crossing

to pedestrians as well as wheelchair users,

who want to noticeably use the pedestrian crossing.

In that case vehicles may only drive with moderate speed. If necessary vehicles have to wait.

-~ EEED
—

rule 0:

If pedestrian crossing + noticeable crossing intention of

person then drive slow or stop

criterion 3

legal consequence
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Semantic interpretation of legal texts (in Germany)

legal text

offence legal consequence
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§ 26 German Traffic Code Pedestrian Crossings [translated by Salem]

(1)

At pedestrian crossings|vehicles with the exception of rail vehicles|shall enable|crossing|to pedestrians as well as wheelchair users,

who want to noticeably use the pedestrian crossing.

In that case vehicles may only drive with moderate speed. If necessary vehicles have to wait.

W How to recognize a pedestrian crossing?

rule 0:
If pedestrian crossing + noticeable crossing intention of
person then drive slow or stop

What counts as “noticeable”? How to decide between
slowing down and stopping?

criterion 3

legal consequence
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Scene Ontology

<<Sign 293>>
marking 1

<<Sign 350>>
sign 1
<<Zone>>
yellow 1 consists of i
<<Ego>> 4
Ego <<Pedestrian crossing>>
is next to cross 1
isin
iz is next to Sz is next to e isin
blue 2 blue 1 red 1
is next to <<Pedestrian>>
pedestrian 1

r stands in

<<Zone>>
green 1
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Designing rules for target behavior R

§ 26 German Traffic Code Pedestrian Crossings [translated by Salem]
Gﬁ?g:’j:t;::igvgs E (1) |At pedestria:n crossings pehicles with the exception of rail Vehiclescrossing to|pedestrians as well als wheelchair users,
German Traffic Code [ ! !
Pedestrian Crossings |who want to noticeably usle the pedestrian crossing. |- —mmm - -:_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_' ______________________
E [In that case vehicles may only drive with moderate speed. If necessary vehicles have to wait. |
[ 1 1 :
: | L !
; ! L S|
! E rule 0: If pedestrian crossing + noticeable crossing intention of person then drive slow or stop i
| = ] .k
| : rule 2: If pedestrian in zone green 1 then noticeable crossing . \ !
| --b . . rule 3: If noticeable !
: intention y crossing intention of rule 4: Ifrule 1,2 and 3 :
! h person then enable apply then brake :
e - rule 1: If sign and marking then valid pedestrian crossing crossing :
y |
A A !

_____________________________________
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Scene Ontology

<<Sign 350>> <<Sign 293>>
sign 1 marking 1
<<Zone>>
yellow 1 consists of consists of
<<Ego>> k
is next to cross 1
isin
<<Zone>> ) <<Zone>> . <<Zone>> : -
IS next to Is next to Gd 1 Isn

is next to <<Pedestrian>>
pedestrian 1

k stands in

<<Zone>>
green 1

Inference rule

Natural language rule | SWRL rule

If sign and marking then Pedestrian_crossing(?cross) A sign_350(?sign) A sign_293(?marking) A
valid pedestrian crossing is_fact(?sign, true) A is_fact(?marking, true) A consists_of(?cross, ?sign) A

|Q

consists_of(?cross, ?marking) =

is_fact(?cross, true)
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» expert-based
» analysis of a given scenario

» comparison of the inferred target behavior with behavioral norms

» automated

» logical consistency check of the formalized target behavior rules

[1] https://pixabay.com/de/vectors/komische-charaktere-kritisches-denken-2026313/
[2] https://pixabay.com/de/illustrations/mechanik-zahnrad-zahnr%c3%a4der-blau-551265/ 30
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» paper contributions
» argumentation of the semantic norm behavior analysis regarding the open traffic context
» proposal of a first approach to systematically formulate target behavior

» implementation of target behavior rules in a machine-readable format
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Summary and outlook R VALIDATION
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» paper contributions
» argumentation of the semantic norm behavior analysis regarding the open traffic context
» proposal of a first approach to systematically formulate target behavior
» implementation of target behavior rules in a machine-readable format

» future work

» resolve or moderate conflicting rules

» integration with the Phenomenon-Signal-Model

» synchronization with existing ontologies for scene representation
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Thank you!
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