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stiEF
Goals and Key Features

> stiEF (,scenario-accompanied, textbased, iterative Evaluation of automated driving
Functions®) is a textual domain-specific language for traffic scenario descriptions

> stiEF is based on

> aldready existing manually created scenarios to provide a natural language style
description format

> the PEGASUS abstraction levels (functional, logical, concrete) and the content
layers (1: road level, 2: traffic infrastructure, 3: temporary modifications, 4:
objects & maneuvers, 5: environment conditions) to structure scenarios

> the open-source framework JetBrains Meta Programming System (MPS)

> Note: ,,Abstract scenario” <& ,,Functional scenario”
> stiEF is currently limited to freeway/highway descriptions

> stiEF provides the scenario descriptions in English and German

> stiEF provides generators/exporters for Word, Excel, JSON, PNG and animated GIF
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stiEF
Problem definition

> Scenarios are used throughout the development process

Abstract Operatlonal Validation Acceptance
Scenarws Concept \ T Testing
From: F.Bock, C.Sippl, A.Heinz,
Systeln Verification System
Speclﬁcatlon ************* Testing C.Lauer, R.German -
Concrete “Advantageous Usage of Textual
Logical ngh -Level\ Verification /Subsystem Scenarios Domain-Specific Languages for
Sceﬂarws L Teschg Scenario-Driven Development of

Automated Driving Functions”,

Detailed Unit/Device
Design Testing SysCon 2019, Orlando

Software/Hardware
Development

> Scenario creations is done mainly by hand

> Scenario descriptions are often inconsistent or incomplete (also
visualization)

> Support for multiple languages by manual translations

Scenario: Overtaking
on highway

Highway with 3 lanes
(cf. pictogram). Two
cars, one overtaking.
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stiEF
DSLs in JetBrains MPS!

> ADSL inJetBrains MPS includes three different aspects:

> Structure: The data model of the language with all entities and their attributes

> Editor: The visualization of the data model for the user based on rules

> Generator: Rules to generate target artifacts out of the data model

Specification Document: Braking Assistant

---------------------------------------------------------- <default> editor for concept Paragraph Accelerate Maneuver *  Catalog Traffictight Trafficsign
Configuration: node cell layout: = 1
‘? Create ML/SL-Ar ct? true L/ * * .
e reate UML-Artefact? true [- ?{/name_de|; ?( name_en 1 -] changeLane Action scenario * | Infrastructure TimeOfDay
77777777777777777777777777777777777777 [-|?{|description de|} | ?{ |description_en |} -] FollowLane N —
<constant> . .
A [- (/|% sub % =1 StartCondition Condition Road eature oligate
. ‘ Jempty cell: <default> 1
% /folded cell: <default> ey ' feshrionniay,
“{ 7 Hotorcyde
. 1 EndCondition C_J Exit
View Data 2 :
. Entry
Truck vehicle Relation
L the dat.
the data
Geschwindigkeit <= 1
Inaktiv Aktivierbar [ o o Akllv [pbetand < fiabaencs
Geschwindigkeit > 10
Fahrerassistenzfunktion [ ]' s l"
[Abstand > 10.0 & Abstand < 50.0]|
Abstand < 10.0 \ -
l ] Hindernis
| after(1(
[Abstand > 50.0] 4 \[Abstand <= 50.0

Slllsland after(0.se: c) Notbrems ung
[m stand >= 10.0]

1 Jetbrains ,Meta Programming System* (MPS)
https://www.jetbrains.com/de-de/mps/
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Initial prototype — English representation

Road level

Infrastructure

Temporal changes

Objects

Maneuvers

Environment

Ego maneuvers

INTERNAL

24.04.2020

Abstraction level: 01 sbstract Scenaric workstep: 03 complsts
{L1) Road lewvel:
4 straight road (| ID: RCAD]1 ) with a emergency lane It has the following lanes
L normal lane ( ID: LANEOD ) , which has the following wvehicles on it : None
L normal lane ( ID: LANEl )} , which has the following wehicles on it : ecar O, car 1
& normal lane ( ID: LANEZ ) , which has the following wvehicles on it : truck 2, truck 3

Additional features:

Ho features defined.

(L2) Traffic infrastructure:

& traffic sign of type

' no overtaking

{L3) Temporal infrastroctunre changes:
Lane LANEC is blocked by an accident

(L4) Dynamic elements:

Vehicles:
L car (ID:
car (ID:

B
A
N
B

bicycle

)
)
truck (ID: 2
truck (ID: 3

0
1

(ID:

)
)
4

)

Relative wehicle positions:
car 0 is in front of car 1

truck 2 is in front of truck 3

Manenver sengence:

Maneuver
Maneuver
Maneuver

Ego-Vehicle:

car 1 accelerates [start] instantly until

[=nd

truck 2 follows the road [start] instantly

car 0 decelerates

car

1

(L5) Environment conditions:

The current weather is: sunny

[start]

after 5 =5

The scenario is set at day

1
1

the lane LANEl is free

Preview:

LAMNED LAMNE1 LAMNEZ

Live visualization of the scenario

Goal: Review and discussion with
the stakeholders

Eog behavior:

Maneuver s engence

Maneuver

car 1 accelerates

the lane LANE1l is free
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Initial prototype — German representation

Abstraktionslevel: 01 abstrakt . Szenarienarbeitsschritt: O.‘j‘_voiisténdig

(L1) Strafenebene: Vorschamn:

Road leVeI. Eine gerade Strafe ( ID: ROAD]l ) mit einem Standstreifen . 5ie hat folgende Fahrbahnen : LAMED LAME1 LAMEZ
Eine normals Fahrbahn ( ID: LANED )} , auf der sich folgende Fahrzeuge kefinden : None

Eine normale Fahrbahn ( ID: L&NWE1 ) , auf der sich folgende Fahrzeuge befinden : PEW O, PEW 1

Eine normale Fahrbahn ( ID: LANEZ ) , auf der sich folgende Fahrzeuge kefinden : LEW 2, LEW 3

Zusdtzliche Merkmale:
Ho features defined.

{L2) Strafenansstattuong:
Infrastructure Ein Verkehrszeichen wom Typ ' Uberholverbot '

(L3) Tempordre Infrastroktorinderungen:

Temporal_ changes Fahrbahn LANE(Q ist durch einen Unfall blockiert . (

(L4) Dynamische Elemente: J
Fahrzenge:
Objects Ein PRW (1D
Ein PEW (ID:
Ein LEW (ID:
Ein LEW (ID:
Ein Fahrrad |

)
)
)
)

oW e o

D: 4 )

Belative Position der Fahrzenge:
FPEW 0O ist vor FPEW 1
LEW 2 ist vor LEW 3

Live visualization of the scenario

Manéversequenz:

Maneuvers Manéver : PRW 1 beschleunigt [Start] sofort bis [Ende] die Fahrbahn LANE1l frei ist . Goal: Review and discussion with

1
Manéver : LEW 2 folgt der StraRe [Start] sofort . the Stakeholders
Mandwver : PEW O .

bremst [Start] na
Ego-Fahrzeng: PEW 1

(L5) Umgebungsbedingungen:
EnV|r0nment Das aktuelle Wetter ist: sonnig . Das Szenaric findet tagsilber statt

Egoverhalten:
Manéversegnenz:
EgO maneuvers Manéver : PEW 1 beschleunigt [Start] sofort bis [Ends] die Fahrbahn LANE1 frei ist

INTERNAL
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Initial prototype — data model

| scenarioHighway2Lanegntry |
e ——

l ScenarioHighway 2LaneCurve I—

ManeuverTemplate 1
|

| Typehtleast
—

DistanceToTargetType | | ConditionCondition 1L, Condition weedi Action O 1

I ScenarloHighway 2LaneExit I—
I ScenarioHighway2LaneSimple I—
ScenarioHighway3LaneCurve

I

Maneuver

| ScenarioType |~

H |

&

Il.
L

==

M.

*

E

SimpleAccelerate

5
:

SimpleChangelaneleft

SimpleChangeLaneRight

g
i
3
i

_l SimpleFollowRoad I

ScenarioTemplate 5!
-1

Il |l.|]. 1 1

[«

0,1 *

p | | Geometry_Object

| | EnvironmentalCondition | TemporaiChange |
]k ] |

4 TimeOf DayExact

*
L Infrastructure

11 TimeofDay_Logical %
1
I‘rlmem!w_omufete k—] TimeOfDay
L 1 | ——
LaneProhibited TimeOfDay_Abstract Day
Dawn -
Trafficlam Dusk
Road
' t L i1 Night
Lane IO.I
0,1 |
| Feature | | GeometryType = | Hevation | |1 1
b - o \ *[VehicleLink |1
FAY
CCR g e = |VehbcIeT\fpe Il
T
| ea || | straient | Longitudinal EERTTE L HHE
._. ) ’ . Bicycle
= SpeedLogical |01
I_I. Bus ;
Plain
—

Tollgate

OTrue

OFalse
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Final implementation — English representation

24.04.2020

> Scenario description in English with the corresponding generated visualization:

% File Edit View Navigte Code Analyze Build Run Tools VCS Window Help - [m] X
g Tlor & T | 0 — @ Katalog! o
= —_— E
£ v [7] Projecti - - - Vg
S v 5 MewSolution Scenario Catalog: Katalogl Display Language: English 2
] v NewSolution Scenario Count: 1 Show Visualization: Yes a
~ I Model Current Scenario: Stau auf einer zweispurigen Autobahn + -  Editor: Text View &
> (N Katalogl
> [z Modules Peol Scenario: Stau auf einer zweispurigen Autobahn & #
Scenario Overview A Preview: A
" Stau auf einer zweispurigen Autcbahn " scenario is located in Germany on the Fresway .
s = < ol ol Phase #1 Popout Fit Content Zoom In Zoom Qut PNG Expc
Description: Please add meta description of scenario.
3
Base Scenario: traffic jam on 2-lane freeway (@) . Ry
State: Drafc :O:
Version: 1 m
Abstraction level: concrsts . &
Layer 1(Road Modsl): A
Segment #1 has 2 main roadway (B)  andan entry
The main roadway has a straight geometry , 2 driving lane(s) and a stop lans
Driving lane #2 has a 3.60 m width
Stop lane #3 has a 3.20 m width
The entry has a straight geometry and 1 driving lane(s)
Pptional Comment
Layer 2(Infrastructure): &
Segment #1 contains following elements:
There is a sign group #1 with a regulation sign of type overtaking Forbidden for Trucks .
The road has guideposts and guardrails on the median and the right shoulder
The lateral vegetation consists of bushes on the median of 50 cm height with 30 % density
Pptional Comment
Layer 3(Temporary Modifications): &
No Temporary Modifications
Optional Comment
Layer 4(Positioning and Velocity): A
Following Column #1 drives | on| |Segment #1
Medium truck #1 with Trailer drives on driving lane #1
Medium truck #2 | |drives behind of the Medium truck #1
Medium truck #3 | |drives behind of the Medium truck #2
Following Vehicle group #2 drives| on | Segment #1
Station wagon #4  drives| with 105 km/h left of the Medium truck #1 ; 1 cm left road mark
]
é Ego Station wagon #5| drives| with 119 km/h behind of the Station wagon #4
E Ho obstacles are definesd
i )
- Pptional Comment ‘ 1
SHiEF Export = 0 Messages & 2 Inspector () Event Log
a TLOFF
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stiEF
Final implementation — German representation

> Scenario description in German with the corresponding generated visualization:

% File Edit View Navigate Code Analyze Build Run Tools VCS Window Help - [m] X
T Tlor @ T O — | ®Katalogl o
= —_— El
= v Project1 - - v g
2 v 5 NewSolution Szenarienkatalog: Estalogl Anzeigesprache: Deutsch 2
] ~ MNewSolution Szenarienanzahl: 1 Zeige Visualisierung: Ja 8
~ I Model Aktuelles Szenario: Stau auf einer zweispurigen Autobahn + - Editor: Textansicht g
N Katalogl
» I Medules Pool Szenario: Stau auf einer zweispurigen Butobahn A %|01
Szenariofibersicht A Vorschau: &
Das Szenario " Stau auf einer zweispurigen Autocbahn " befindet sich in Deutschland auf der Autobahn . 5
- Phase #1 Popout Fit Content Zoom In Zoom Qut PNG Expc
Beschreibung: Bitte figen sie eine Metabeschreibung des Szenearios hinzua.
1 2 3 4
Ursprungsszenario: traffic jam on 2-lane freeway (@) . vy
Status: Entwurf 'O:
Version: 1 m
Abstraktionsebens: konkrst . & t
Schicht 1(Strafenebene): & P‘-
Segment #1 hat eine Hauptfahrbahn (8) | und eine Auffahrt a
Die Hauptfahrbahn hat eine gerade Geometrie , 2 Fahrstreifen und einen Standstreifen - o
Fahrstreifen #2 hat eine 3.60 m Breite
Standstreifen #3 hat eine 3.20 m Breite -
Die Auffahrt hat eine gerade Geometrie und 1 Fahrstreifen .
Ppticnaler Kommentar I
Schicht 2(Strafenausstattung): &
Segment #1 enthdlt folgende Elemente:
Es steht  eine Schildergruppe #1 mit einem| Vorschriftszeichen des Typs Uberholverbot fir LEWs
Die Strafe |hat Leitpfosten und Leitplanken auf dem Mittelstreifen und dem rechten Bankett - P-
Die seitliche Vegetation besteht aus Biischen auf dem Mittelstreifen von 50 cm Hoéhe mit 30 % Dichte . §
Dptionaler Kommentar I
Schicht 3(Tempordre Beeinflussung): &
Keine tempordren Anderungen
Optionaler Kommentar P.
Schicht 4 (Positionierung und Geschwindigkeit): & (3]]
Folgende Fahrzeugkolonne £1 fihrt | auf Segment #1
Kleinlaster #1 mit Anhdnger fahrt auf dem Fahrstreifen #1
Kleinlaster #2| fdhrt hinter demKleinlaster #1 .
Kleinlaster #3| fdhrt hinter demKleinlaster #2
Folgende Fahrzeuggruppe #2 fihrt aunf| Segment #1
Kombi #4 | féhrt| mit 105 km/h links von demKleinlaster #1 ; 1 cm zur linken Strafemmarkierung .
@
é Ego Fombi #5 |fdhrt| mit 119 km/h hinter dem Eombi #4
2 Keine Hindernisse definiert
=] LY
dl Dptionaler Kommentar| L4 1
i po = 0: Messages 2: Inspector vent Log
SHEF Export = 0 M & 2: Inspects Q) Event L
a TioFF @

INTERNAL
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Final implementation — Table view

> Scenario description viewed as table:

24.04.2020

§ Eile Edit View MNavigate Code Analyze Build Run JTools VCS Window Help = [m] ®
G T lor € = | & — | @ Katalogl o
E Project1 . ; ; v
=) v 5] NewSolution Scenario Catalog: Katalogl Display Langumage: English S
™ MewSolution Scenario Count: 1 Show Visualization: Yes 2
m Model Current Scenario: Stau auf einer zweispurigen Autocbahn + |- Editor: Table View a
W Katalog!
=t Modules Pool Scenario Overview Layer 1(Road Model): Layer 2 (I
" Stau auf esiner zweispurigen ARutckahn " scenario is located in Germany on the Freeway .Segment #1 has a main roadway (@) and an entry | . [Segment #1
Description: Please add meta description of secenario. The main roadway has & straight geometry , 2 driving lane(s) and & stop lans . There iz
Driving lane #2 has a 3.60 m width . The roac
Base Scenario: traffic jam on 2-lane fresway (8) Stop lane $3 has a 3.20 m width The late
State: Draft The entry has a straight geometry and 1 driving lane(s)
Version: 1 ¢
Abstraction level: concrests onal Comment
o
5
g
=
StiEF Export = 0 Messages # 2 Inspector 0 Event Log
o T.0fF @

INTERNAL
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stiEF
Final implementation — Generated artifacts

> Generated Work and Excel exports:

H - s Katalog.docx - Word = O H - s Katalog sk - Excel = O
o &)
Datei  Start | Elnﬂiger| Entwurf | Layout | Verweise | Sendung | Uberprii | nsicht | vins  Bock, Flor... ,Q_ Freigeben Datei Start | Einfligen | Seitenlayout ‘ Formeln | Daten | Uberpriifen | Ansicht ‘ Q Siewins Bock, Flor... 2_ Freigeben
Autcbahn Seament #1has amain roadwsy (B ] snd an entry Segment #1 contains
There is a sign gioup
The main roadw ay has a straight geometry , 2 driving lanels) and a stop The road has guidep:
lane . The lateral vegetation]
density.
Scenario Catalog: Katalog1 Driving lane #2 has a 3.60 m width
Stop lane #3 has 2 3.20 m width
Scenario: Stau auf einer zweispurigen Autobahn The entry has a straight geometry and 1 diving lane(s] .
=)
i i 2
® I 3
i :
:l 3
" 7
0
|
8
li £l
! 0
it 1
! 12
: 5
: L3
1 L] —{
\ i 6 |
¢ ( 7
18
bl
Scenario Overview 20
" Stau auf einer zweispurigen Autobahn " scenario is located in Germany on the Freeway . 21
Description: Please add meta description of scenario. 2z
25|
Base Scenario: traffic jam on 2-ane freeway (3 ). B
State: Draft 28]
Version: 1 e
Abstraction level: concrete =
Layer 1(Road Model): 2
Segment #1 has a main roadway (C ) and an entry . 30
The main roadway has a siraight geometry , 2 driving lane(s) and a stop lane . 4
Driving lane #2 has a 3.60 m width 3
Stop lane #3 has a 3.20 m width . 32
The entry has a straight geometry and 1 driving lane(s) &)
Layer 2(Infrastructure): 34
Segment #1 contains following elements: 35
There is a sign group #1 with a regulation sign of type overtaking Forbidden for Trucks 36
The road has guideposts and guardrails on the median and the right shoulder 3T
The lateral vegetation consists of bushes on the median of 50 cm height with 30 % density . 36|
Layer 3(Temporary Modifications): 39|
No Temporary Modifications 40
Layer 4(Positioning and Velocity): 41
Following Column #1 drives on Segment#1 - 42 |
Medium truck #1 with Trailer drives on driving lane #1 . 43 -~
Medium truck #2 drives  behind of the Medium truck #1 —
- Katalog1 (O] [l s
Seite Tvon2 322 Warter [|%  Deutsch (Deutschland) [E4] B - 1 + 80% Bereit & @ = 1 + 0%

INTERNAL
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Final implementation — Generated artifacts

> Generated JSON schema and JSON export for the scenario:

[ Notepad++

File Edit Search View Encoding Language Settings Tools Macro Run TextFX Plugins Window 7
HHERRA s mhiloefnelax|BE(=T

[H Katalog1_schema json E1 |

FEAE®| lENRE =av=zEn

"type" : "object",

"id" : "urn:jsonschema:stiEF_SL:modsl:ScenaricCatalog”,
nproperties” : {
"catalog" : {
"type” : "string"
ke
"scenarios" i {
"type" i "array",
"items" : {

"type" : "object",
"id" : "urn:jsonschema:stiEF_SLimodsl:Scenaria”,
"properties” : {
"overview”™ : {
"type" : "object"”,
"id" : "urn:jsonschema:stiEF_SL:model:Scenariolverview”,
"properties"” : {
"scenario” : {
"type" @ "string"™
1B
"description™ : {
"type" : "string"
1B

JSON file length:218.974 lines: 4593 Ln:1 Col:1 Sel:0|0 Windows (CRLF)  UTF-8 INS
2y
[& Notepad++ x
File Edit Search View Encoding Language Seftings Teeols Macre Run TextFX  Plugins  Window ?
sEHeRGA| ko |a 2% BE (ST [ FE@an®|daNE@ savyzn
[ Katalog1json E3 |
- {
"catalog" : "Katalogl",
"gcenarios" : [ {
"overview" : {
"scenario” : "Stau auf einer zweispurigen Autobahn®,
"version" : 1
I,
"road model"™ : {
"segments" : [ {
nige oL,
"roads" : [ {
nige oL,
"driving_lanes cnt" : 2,
"lanes_cnt" : 3,
"lanes" : [ {
nige oL,
"lane type" : {
"name" : "a driving lane"
1N
"no_further_connection” : false
beod
nige o2,
= ndetails™ : {
INTERNAL JSON file length: 9.630 lines: 361 Ln:1 Col:1 Sel:0|0 Windows (CRLF)  UTF-8 INS
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stiEF
Final implementation — data model

— i
- -
- &
e f
- |
%
.‘.I. 1
b L S—
» [ 1 IE
1 -
- | i L}
T k—\-&_\\\
;

Complete ontology is planned |=— — oo Lol N 1
to be published in the future.

INTERNAL
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stiEF
File location, documentation and installation steps

> Tool ,,stiEF™:
> Currently AUDI IP, so only available internally at VW

> Publication is currently discussed - no decision yet

> Language ,stiEF*:
> Publication of the language as a document is approved

> Publication is currently prepared and will be available soon™

> Publications:

> 2019 - “Advantageous Usage of Textual Domain-Specific Languages for Scenario-
Driven Development of Automated Driving Functions”, SysCon 2019, Orlando

> 2019 - “Scenario-Based Systems Engineering: An Approach Towards Automated
Driving Function Development”, SysCon 2019, Orlando

> 2020 - “Efficient usage of abstract scenarios for the development of highly-
automated driving functions”, FKFS Symposium 2020, Stuttgart

INTERNAL
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Contact:

Florian Bock
florianl.bock@audi.de
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