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“Modlel credibility refers to the
decision maker’s confioence in
the wmodel. one goal of the Vv
process is to gain this
credibility.” [1]

9 —
“The quality to elictt belief
or trust in MES results” [2]

7Y  ASME
NAS A

[1] John S, Carson, 2002 : "Model Verification and validation*
[2] NASA standard for models and simulations NASA-STD-F009A, 2016
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The process of determiniing the degree to
which a conceptual model or model

R@aldy of l design adequately represe,w’cs the real
world from the perspective of the

ﬂm)g llyﬂ'c[es'l' intended use. *
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The collection of abstractions, Con C@P'l'u al l
assuwmptions, and deseriptions of —»
(ph 5s£cat) components and processes M /

representing the reality of tnterest, *
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The process of determining the extentto *Z)
which a wodel or simulation is (=74
compliant with its requirements ano \}'%
specifications as detailed in its I
conceptual models, mathematical %
models, or other constructs. ™ @
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The process of determining the degree to
which an operating wodel or stmulation
Ls or provides an accurate vepresentation

of the real world from the perspective of the Reallj[ H of I
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Requirements for Verification/Validation SETHLevel

* Depending on the intended use, a simulation model
needs to fulfill different requirements

* We propose a level-based approach similar to NASA 7009-A

I

4 Modeling and Simulation (M&S) results compare favorably to measurements on the Real World
System (RWS) in its operating environment or to results from a higher-fidelity M&S that satisfies the
conditions for Level 4. Validation points completely span the domain of operation for the RWS.
Favorable comparisons are obtained for all response quantities.

3

2

1 The model is conceptually validated. The problem statement (intended use) is clearly stated and
well understood. The conceptual model, requirements and specifications are correct and sufficiently
address the problem.

0 Insufficient evidence
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Relative velocity of target object
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cs 10db/sgqm Corner 10db/sgm Corner cs Target Pedestrian
A= Distance 1o target object Velocity of target object ALz Longitudinal distance Lateral distance

1 6m 1 150 m
2 15 m 2 150 m
3 20m 3 149 m
4 40m ! e
2 :gz check for distance accuracy
7 100 m —> stationary target
8 125 m
9 148 m 9 100 m
10 149 m 10 100 m
11 150 m 1 80m

12 2N m

Validity Assessment Map for MVC StaticCorner x_pos -4 m

check for relative velocity = constant speed

16 + 70 km/h
17 +90 km/h
18 + 90 km/h

7 8 9 10 11

Vs = (64]18]18)%, res.: 5%

V. =(65]15]20|0)%, res.: 1%
Slnulduuni-udseu vevelopinent dainu esting of Automated Driving

1 1 1 1 1




validity Asse

ssment Repoﬂ.

CONTENTS

1 Introduction
11 Purpose
12 Scope
2 Reference Documents

3 Terminology, Abbreviations and Definitions
4 General Information

5 Validation Methodology and Validity Assessment

51 ‘falidation's Main Objectve
52 \falidation Methadology
53 alidity Assessment

1 Usze Caze | — Static Retro Reflector

1 Requiremnents and Cenfiguration of Validation Study
11 Scope of Validation
12 Metric WValidity Criteria and Accuracy Requirements
1.3 Caonfiguration Samples
1.4 ‘alidation Effort
2 Ciata Acguisition for Validity Assessment
21 Experimental Set-Up
2.2 Test Procedurs
2.3 Data Acquisition and Processing
3 alidity Assessment for Each MVC
31 MWC1 - Longitudinal Position Absolute
3z MWC2 - Lonpitudinal Position Error
33 WWC3 - Lateral Position Emar

Simulation-base

My_radar_
Y(LRR_OB’I 5)

bala  wabala mtabals

o e N

N e ba

R e e S S B B e e e e

model

Uze Case Il - Constant speed gcenarios with target vehicle

Requirements and Configuration of WValidation Study
Scope of Validation
Metric Valdity Critzria and Accuracy Requirements
Configuration Samples
‘alidation Effort
Diata Acguisition for Validity Assessment
Experimental Set-Up
Test Procedurs
Data Acquisition and Processing
\alidity Assessment for Each MWC
MWC1 - Longitudinal Velocity Absolute
MWC2 - Longitudinal Velocity Error
Cwverall Validity Assessment
‘Walidity Assessment Results
Discussion of Owerall Results
Limitation

Uszge Casge Ill - 5tatic Scenarios with Pedestrian

Requirements and Ceonfiguration of Validation Study
Scope of Validation
Metric Validity Criteria and Accuracy Reguirements
Configuration Samples
“alidation Effort
Ciata Acguisition for Validity Assessment
Experimental Set-Up
Test Procedure
Data Acquisition and Processing
alidity Asseszment for Each MWT
MWC1 - Longitudinal Distance Absolute
WWC2 - Lateral Distance Absoluts
Cwerall Validity Assessment
‘Walidity Assessment Results
Discussion of Owerall Results
Limitation L.
Jriving



Reality of |

Interest [p)
Operational > %, @
\idation & % Validation
Vali . X \f'.%é%%/
Uncerta A
G&ﬁ‘:’wm \'?

Implementation Con cepfu al l

Hodel £,

Simulation | <

HOdel l}m,c:::: —»




Selection of Suitable V&V-Activities SETHLevel

Application Credibility
Domain Criteria

Input from Process
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Selection of Suitable V&V-Activities SETHLevel

Focus: Why and How? Focus: What?
f f

Application Credibility Validation Techniques
Domain Criteria Criteria

Input from Process Library of V&V-Methods and -Techniques
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Selection of Suitable V&V-Activities SETHLevel

Focus: Why and How? Focus: What?
f f

Application Credibility Validation Techniques
Domain Criteria Criteria

Req.-based, Metric Validity  Sensitivity ¢ Developer
Statistical (Viehof) Criteria Analysis e Testdriver

Input from Process Library of V&V-Methods and -Techniques
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Quality Criteria for Coupling of Simulation Models SETHLevel

. Number of
 What do we even mean by coupling Modeing Tools
(models vs. simulators)? Saaton | Simaton
* Why is coupling necessary? — . ‘ - ‘
* Generally desirable to abstain from -1| LB | S | Disutod
: : eling
coupling (potential source of error, L | I ‘
. H}ftr_rld.fME_lrgeﬂ | Co-Simulation
often introduces delays) | Smugon
 However, often necessary, e.g., due to
complexity, modularity requirements, i | | Modoling
Or IP prOteCtlon @ "Classic" Simulation Parallel lSimuIatiDn
o
=1 >1 Number of Solvers
Orchestration
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Quality Criteria for Coupling of Simulation Models SETHLevel

High Level Goal: Identify, quantify, and assess the influence of coupling
Ideal Strategy: For one instantiation of a simulation platform, compare with
a monolitic system
* Due to lack of monolithic system
e Assess coupling mechanisms in general (e.g., comparing models
of computation of the coupled system, analyse necessary
information)
* Also test coupling mechanisms for “easier” models where we

actually have access to a monolitic system and then generate
more general statements

l
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