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Assurance Framework

VERIFICATION
VALIDATION
METHODS

Capabilities V&V Concept

(System & Organizational)

Operational Top Goals Target
concept Behavior
- Acceptance & 00D
Concept of =) (riteria
operation
Stakeholders
Capability Layer

) =

(controlled scenarios)

Functional Architecture & Design

Test Planning
Test Orchestration

Func. Evaluation
Techn. Evaluation

Test
Execution

Technical Architecture & Design

Physical Construction
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Role of the Test Planning Xx VALIDATION

METHODS

Capabilities
(System & Organizational)

V&V Concept

» During the test planning, the set of all
functional test cases is defined

» A single or group of similar functional
test cases is described by a
functional test specification

Test Planning

Functional Architecture & Design
Technical Architecture & Design

» The functional test specifications represent
the functional test space as the central

Test Orchestration Test

output of the test planning. e
Xecution
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Structuring of the Test Planning Rﬁ:ﬁﬁ:ﬁi‘l‘m""

METHODS

Capabilities V&V Concept

(System & Organizational)

Test Goals Test Methods and Processes

Risk Model

¢

Functional Prioritization Scenario
Concerns of Test Goals Concerns

Functional Architecture & Design Test Planning

Technical Architecture & Design :

Functional Prioritization Selection and Prioritization Evaluated
Design of Functions Combination of Scenarios Scenarios

Evaluation and Assessment

.

Test Coverage Functional Test Specification Test Planning Report
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Detailing of the Test Planning

VERIFICATION
VALIDATION
METHODS

Risk Model

[Test Goals

Test Methods and Processes

¢ >

Functional Prioritization

Scenario

Concerns of Test Goals

Functional Prioritization
Design of Functions

Concerns

Selection and
Combination

L 4

Prioritization Evaluated
of Scenarios Scenarios

Evaluation and Assessment *

v

Test Coverage YFunctional Test Specification  "Test Planning Report
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Detailing of the Test Planning Rﬁ:ﬁﬁ:ﬁ?&"”

Test Methods and Processes

|Te5t Goals

Risk Model
Functional « Considering stakeholder requirements Scenario
Concerns « VVM: Proving user safety Concerns
Functional Prioritization Selection and Prioritization Evaluated
Design of Functions Combination of Scenarios Scenarios
Evaluation and Assessment
‘J'Test Coverage YFunctional Test Specification  "Test Planning Report
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Detailing of the Test Planning

Risk Model

VERIFICATION
VALIDATION
METHODS

Test Goals Test Methods and Processes

Functional _ . Scenario
Concerns « Logical scenario instances T
Vision: The ODD is covered representatively
« The scenario instances are formed statistically
unctional Vision: The probabilities of occurrence of the —
t . . .. t
e parameters in the logical scenario instances e
Design Scenarios

in the ODD are known

Evaluation and Assessment

#3.1

v

Test Coverage

YFunctional Test Specification  "Test Planning Report S



Detailing of the Test Planning Rﬁ:ﬁﬁ:ﬁ?&"”

Risk Model Test Goals Test Methods and Processes
¢
Functional Only prioritizations allow Scenario
Concerns reduction of the test space Concerns
. b |
Functional Prioritization Selection and Prioritization Evaluated
Design of Functions Combination of Scenarios Scenarios

Evaluation and Assessment

‘J'Test Coverage YFunctional Test Specification  "Test Planning Report
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Detailing of the Test Planning Rﬁ:’ﬂﬁ:ﬁ?&"”

Risk Model Test Goals Test Methods and Processes

Functional _ _ e Scenario
Concerns The risk model IS the_maln Input Concerns

that describes/prescribes how the

prioritization shall be carried out.
Functional Prioritization Selection and Prioritization Evaluated

Design of Functions Combination of Scenarios Scenarios
Evaluation and Assessment ?
‘J'Test Coverage YFunctional Test Specification  "Test Planning Report
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Detailing of the Test Planning XX&EE:?‘I‘S‘N"”

Risk Model Test Goals Test Methods and Processes
once are indicatio at a proble ave been ide o0
Functional ONCe ale 10 e ealed, CE 0 oliecled and evaluated Scenario
Concerns Depending o C ASSE C a allge e Drougnt abag Concerns
. > @ > > . CA > > @ -
ample ONCE 0 g fro afety ana
Functional OfTl Prou - ANG Evaluated
Design Scenarios
Evaluation and Assessment *
#12.1
J’Test Coverage YFunctional Test Specification  "Test Planning Report [




Detailing of the Test Planning Rﬁ:’ﬂﬁ:ﬁ?&"”

Test Methods and Processes

Risk Model Test Goals
® v

Functional V&V Concept addresses a strategic EESNEE
Concerns requirement to test planning STEEIE
Functional Prioritization Selection and Prioritization Evaluated

Design of Functions Combination of Scenarios Scenarios

. ©
Evaluation and Assessment
‘J'Test Coverage YFunctional Test Specification  "Test Planning Report
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Detailing of the Test Planning

VERIFICATION
VALIDATION
METHODS

Risk Model Test Goals Test Methods and Processes
? &
Functional Prioritization Scenario
Concerns of Test Goals Concerns
Functional architecture
Functional requirements
« and in VVM also: Performance P'if‘;”“zat_i“" SRR
Design requirements 0T >Cenarios Scenarios
The functional safety concept is
considered in the functional design.
Functional elements and their interfaces
are identified in the functional design
J’Test Coverage l'Fu nctional Test Specification  "Test Planning Report




Assurance Framework Rﬁﬂ:ﬁiﬁ‘&"”

METHODS

Operational Top Goals Target Capabilities V&V Concept
concept Behavior (System & Organizational)
- Acceptance - &0DD
Concept of =) (riteria =
operation
Stakeholders
Capability Layer

Test Planning

Test Orchestration

Func. Evaluation
Techn. Evaluation

Test
Execution

) =

(controlled scenarios)

Technical Architecture & Design

Physical Construction

Functional Architecture & Design
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Detailing of Functional Architecture and Design Rﬁ'&:ﬁiﬁ‘&"”

METHODS
N

Capabilities
(System & Organizational)

V&V Concept

Stakeholder Behavioral
Needs Requirements

Behavioral
Safety Goals Safety

Requirements
Test Planning s

Functional Architecture & Design

l ical Architecture & J -

Test Orchestration Test

satisfied By
Executic et U

. Functional Functional
Requirements} — Elements Interfaces

Test Planning

VVVM Final Event | V&V Test Design, Test Planning and Execution



Detailing of Functional Design - System Requirements Rﬁ:’iﬁﬁiﬁ?&"”

METHODS

Stakeholder Needs are

lected f ) Behavioral Requirements
collected from various Stakeholder Behavioral -

: Needs Requirements specify stakeholder
sources, like e.g.

: requirements towards behavior
functional use cases, an e in a scenario-specific context.
item definition or safety Goals ey

customer functions. Requirements

ddrived fro

Behavioral Safety Requirements
specify solution-independent

Functional input/

Safety Goals are : ' Requirememsj—. N Elements | T o Safety-related behavior or
; refines . v 0

top-level safety : - Pl  SOlUtiON-independent safety
requirements as a result Ay e = measures including their safety-
of the hazard analysis ey B {— ¢ related attributes

and risk assessment at |
vehicle level.

input for

Test Planning




Detailing of Functional Design — Quality Criteria Rﬁﬁﬁ:ﬁi‘lﬁ’"

METHODS

ID, Title Requirement

Stakeholder Behavioral
Needs Requirements

(SR-4.1.2) crosswalk The system shall classify crosswalks.
classification FUNCTIONAL

ed From  Satisfied By

Safety Goals

(SR-4.1.2.1) crosswalk The system shall classify broad stripes on the
marking classification road for crosswalk markings. FUNCTIONAL

(SR-4.1.2.2) crosswalk The system shall classify traffic signs
sign classification for crosswalks. FUNCTIONAL

s Emmenmmm,
mEm— s

Test Planning

Quality criteria are derived by applying methods like the Goal/Question/Metric (GQM) method

on selected Functional Requirements, formulated as:
» Functional Requirements : statements that identify what results a product or process shall produce.

» Performance Requirements’: measurable criteria that identify how well functional requirements

shall be accomplished.
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Detailing of Functional Design — Functional Architecture Rﬁ:ﬁﬁ:ﬁi‘l‘m""

METHODS

(FI-1) vehicle [> }—+ E1),f  FI7.Dvehice w7, -9 N e, LEsD)
" L1 model v " " L
(FE-1.2) self perception (FL7) vehicle & (FE-2.1) situation assegsment  (FE-2.2) situation prediction (FE-3.1) motion actuation
-2) vehi i s TET,, o) VIOWIERE o, —
(FI-2) vehicle environment | > Tl IS > ntmodel” W )
- - ) F18) bl d (FI-5) actuation commands
(FI-3) digital information [> |—T—pe (121 % : FLA M e (FL11) (EETHNN ( t )_p zl:ne NES SN SCE N (L52) T E5), 5] (e g accelarate, break steer,
(e.g. weather forecast, S . . I - . rajectory L indicate driving direction, whipe
(FE-1.1) environment (FI-4) instructions (FE-2.3) rodte planning (FE-2.4) trajectory planning (FE-3.2) body control ) ) .
traffic report, map update, . L windshield, tighten seat-belts)
Vax perception (e.g. nextdriving (Fi4) Fl)
message) destination, —f Fla ——P——
exceptional approval | s FI.5 3
to cross a solid line)
FE-3.3) intention signalling
= E E FI7 (F-6.1) inconsistencies - - Bk FI-8 (FI-6.2) inconsistencies Fl5 (F1-6.3) inconsistencies
! & uncertainties T = y & uncertainties & uncertainties
R AN 4 N (F16.1) 5] during sensing (FIL7) \7 -G, SN ;D_MI—.E during planning FI-8 DAE'—’EI during actuating
.g. extraordi . . . e.g. unreliable 1 i
(FE-1.3) model reflection (eS.I exiraor |r!ary (FE-2.5) driving policy reflection (e - (FE-3.4) actuation commands reflection (e.. eratic actuation
object perception) prediction) commands)
(FE-1) SENSE (FE-2) PLAN (FE-3) ACT

» A Functional Architecture satisfies the System Requirements by defining sufficient functionality.
» While elaborating the Functional Architecture, the System Requirements are refined in parallel.
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Handover to Test Orchestration: Functional Test Specification X:ﬁﬁ‘:ﬁiﬂ‘m"”

Risk Model Test Goals Test Methods and Processes
Test
Planning
Functional Prioritization Scenario
Concerns of Test Goals Concerns
Functional Prioritization Selection and Prioritization Evaluated
Design of Functions Combination of Scenarios Scenarios

Evaluation and Assessment

Test Coverage Functional Test Specification Test Planning Report

VVVM Final Event | V&V Test Design, Test Planning and Execution



Functional Test Specification — Verification Part (Example) Rﬁ:ﬁ:ﬁ:ﬁ?&"”

METHODS

Test object

» Sense (before/after fusion): Perception / recognition of —
...lane boundaries, center line, T-junction, crosswalk, "
Traffic signs (30 km/h, crosswalk) Cyclists, pedestrians,
parked vehicles . -

» Plan: keep lane, select speed |

» Act: Decelerate, accelerate, change direction, displays '

Test environment

» FUC2.3

» Braking without swerving / changing lanes ——

Test objectives

» Purpose: (analysis), verification, validation

» Initial conditions: Positions, velocities, acceleration, ==
(trajectories) T —

» End criteria: Standstill, collision, crossing crosswalk / T- D e
junction

» Measured variables/metrics: Speeds (longitudinal, lateral), "= ——
distances, time-to-collision, time-to-break, absolute
positions, dimensions
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Functional Test Specification — Validation Part (Example) Rﬁ:ﬁ:ﬁ:ﬁ?&"”

METHODS

Derivation of Validation Criteria
(limited to safety scope)

Claims
> O p e r a.tl 0 n al Cap ab I | itl eS & Beispiel fur eine Funktionale Testbeschreibung

Erlauterung, Anmerkung Beispiel
Stakeholder Concerns (=Validation Criteria) e
2 Titel Eindeutige Bezeichnung Einhalten unkritischer lateraler Abstande im Kontext FUC2.3
agu, s 3 | Umgebung Tiel im Rahmen der Validierung ist es, die ODD zufallig und vielseitig zu durchahren, um kritische Unknowns
» Safety Capabilities
4 Testobjekt -Funktion TP4 AGY AD Funktionale Systemarchitektur

» Safety Requirements: 4

i terie im Falle iner Kallisior besteht. T Messen:
Validierungs-MabBe gemei
i s-MaBe g int) s Geschwindigkeit des Fahrzeugs in X-Richtung

= Abstand zum FuBgénger in X-Richtung

Fur dieses Beispiel ziehen wir folgenden KPI heran:

» Compliance with traffic regulations e
= bendtigte Verzdgerung als Funktion von Geschwindigkeit und Abstand im Verhltnis zur max. maglichen 2
Zu berechnen:
Verzdgenung
. . . = max mégliche Verzogerung hangt vom Reibwert ab — wenn der Reibwert nicht mit gemessen werden = benftigte Verzogerung, um Kollision zu vermeiden
> M al ntal n Safe d IStan CeS fro m Oth e r kann, muss hier eine Vorgebe gemacht werden « bendtigte Verzbgerung / max. magicher Verzogerung

4 Giitekriterien 1, Gatekriterium (2.8, Schwellwert flr die Kritikalitét). 1. Schweellwert iegt bei 0,3 (30% der max. moglichen Verzgerung)

2. Sigtistische Auswertung (inkl. Konfidenzbestimmung]: Uberschreitung des Gitelriteriums (z8. 2.tod
ro a u S e rS Schwellwert) je km, h, Anzahl Szenarien.
> M M t M f d M t f th 4 | Messdaten/MessgroBen 2023 07_17 Zelle neu eingefiigt B
al n a.l n a Sa e I S an Ce ro I I l e Fir die Auswertung bendtigte Informationen, z8: s Kameramaterial/Bildsufzeichnungen

« um die Ursachen analysieren zu kénnen, warum das Giitekriterium eines Validstion Criteria verletzt wurde | = Daten aus dem Ego-Fahrzaug zu
o Bewegung

traffic area boundary
Do not endanger your own vehicle occupants

Reduce the severity of unavoidable accidents
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Handover to Test Orchestration Rﬁ:ﬁﬁ:ﬁ?&"”

METHODS

@ 7 Bosset e roe Fktonsie tsmcbvr e
Operational Concept HE — -
Cperatical Tep Goaly Tasyet —— — -
cencept Behavis [System & Qrganuatseal)
Aooeptance &000
Gonceptol o Criteria +
spention
Stakehoidere

. ; SN Functional test specification
== B . \Verification®

Capability Layer

1 Beispiel fiir eine Funktionale Testbeschreibung
= _ Lrtauteruney, Anmeskung Betspeed

. IR Ercesige Frat

e Eitdeutge Seseennong

Test Planning

___H___..q 3 Umgebung F'.:mnia'wﬁz;vﬂanem:.’aU-‘ll'."ﬂe‘.e;-c--uft-s- . . .
i — Functional test specification

[T 1 e Geaie furklionae System pement)

0 o «
4 valitenungiiterien (streggenommen sind £4 mis nbergem e weren, weione Sirermetpesing m e ener K isonsy Val I d at I O n
Vet Matie gemesnt) 1

05 71 s Ertics s 408 PerngRigen wermen

e VerTageneng Lem K T et
» BenoTQe VerTAgEnng | max iy eher Vehgreng

TestOrchestraton ® = | momEmemmm

= WamermTaeris/SosuterTungen

u um e Lesachen maiysieren 2u kinnen, warum das Gtrimiterim enes Unlason Crosavenetztverge o Daten aus cem Ego-Fanvneng 7y
o Bomegurg

o Umfeld
0 e
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vv VERIFICATION
' " ' VALIDATION

METHODS

Thank you!

Jurgen Nuffer, Fraunhofer LBF Bjorn Filzek, Continental
juergen.nuffer@Ibf.fraunhofer.de Martin Mai, ZF
Martin Dorr, ZF

Supported by:
ﬂ@ Federal Ministry
I PROJECT of the i for Economic Affairs
PEGASUS VDA A project developed by the VDA Leitinitiative and Climate Action

FAMILY I LEITINITIATIVE  autonomous and connected driving

on the basis of a decision
by the German Bundestag
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