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Issues on ADS service in Real World Ny,
KATECH

Autonomous mobility service is not just about driving. It is a complete system :
ADS-equipped Vehicle + remote management + structured procedures + on the ground daily operations.

> YouTube

BREAKING NEWS UPDATE

WAYMO SUSPENDS SERVICE DUE TO POWER OUTAGE
VEHICLES REPORTED STUCK AT INTERSECTIONS

‘ — .

Pierre CHEHWAN
Autor nomous Mobility pioneer

Autonomous mobility service is not just & £7]|

Videos show Waymo cars stuck at San
Francisco intersections during massive power Waymo cars couldn't overcome the 43 An emergency responder (e.g. a ire truck) is in
overflowing rain action, and a Waymo vehicle is blocking the way.
tage 9 .

outag § It's up to the remote management system to

30K views - 1 month ago detect the situation and the remote manager can trigger
#waymo #poweroutage #sanfranciscc ..more the appropriate procedure, for example, sending a

mission to the vehicle to safely clear the road.




UNECE WP29/GRVA/VMAD (Validation Method for Automated Drfving)

{ ' ‘ World Forum for Harmonization of Vehicle Regulations (WP.29)
~ i
) S 4

4 Working Party on Automated/Autonomous
and Connected Vehicles (GRVA)

UNITED NATIONS ECONOMIC COMMISSION FOR EUROPE
UNECE

INLAND TRANSPORT COMMITTEE (ITC)

GRE

Working Party on 0 e Pa O
Lighting and Light- §Po on and Ene

GRSG GRSP

Working Party on
Passive Safety

GRBP

Working Party Working Party on

General Safety
Provisions

on Noise and
Tyres Signalling

“... develop assessment methods, including scenarios, to validate the
safety of automated systems, based on a mullti pillar approach including
auditing, simulation, virtual testing, test track testing, real world testing...”
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v Working Party on Automated/Autonomous and Connected Vehicles (GRVA)
> Automated Driving System (ADS)
> Cyber Security and (OTA) software updates (CS/OTA)
> DSSAD /EDR

> Acceleration Control for Pedal Error (ACPE)

> Advanced Emergency Braking System (AEBS)
> Task Force on fitness for ADS of GRVA Regulations and GTRs (TF on FADS)
> ADAS
v Past activities
> Task Force on Automated Vehicle Categorization (TF AVC)
> FRAV/VMAD Integration

> Functional Requirements for Automated and Autonomous Vehicles (FRAV)

> Validation Method for Automated Driving (VMAD)

> Electro-Mechanical Braking (EMB)

> SIG on UN Regulation No. 157

> Automatically Commanded Steering Function (ACSF)

> Automatic Emergency Braking and Lane Departure Warning Systems (AEBS/L
> Modular Vehicle Combinations (MVC)

> GRVA - WebEx (2019 Q1)
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« The UNECE VMAD framework emphasizes Tromemied iy WO om VMAD Informal dossment GRVA-15-26

15th GRVA, 23-27 January 2023

v' physical road testing alone is insufficient to demonstrate the e oo
safety of automated driving systems.
. New Assessment/Test Method for Automated Driving
° |nste ad’ I‘t promotes (NATM) Guidelines for Validating Automated Driving

System (ADS) — amendments to ECE/TRANS/WP.29/2022/58

v a combination of Scenario-based Validation, Virtual I Background
Validation, and real-world testing to achieve comprehensive o O P o e e e e

of Reference (ToRs) (WP.29/1147/Annex VI) for the Informal Working Group on Validation
Methods for Automated Driving (VMAD) developed. VMAD’ dat der th
Safety assu ra nce- T:Rsois tgrdel\lrcl::::a :sseslsix:llel:;lgt methods,“i‘::laud‘ia:; :zenarios, to \Sranl:zzte fh:ns:;etyezef
. . . . . automated systems based on a multi-pillar approach including audit, simulation/virtual
ing, k, and real- 1d ing. Thr h this d: e the
« SiLS and ViLS provide practical platforms for executing large g o ok s e onkd ing, Throushent e documens. sty ncompsses e
2. Also at the 178th session, WP29 adopted the Framework document on

numbers of representative and edge-case scenarios across the automated/autonomonsvehices (WP39/2019/54Kev) heren efrred o s e Framework

document. The Framework document instructed VMAD to develop a ‘new assessment/test
method for automated driving’ (NATM) for consideration during the 183rd (March 2021)

entire Operational Design Domain (ODD). esion o WP 25

3. To inform this work, VMAD developed the NATM master document which outlines
a conceptual framework for validating the safety of automated driving systems. The first

Flgul‘e 3 wversion of this document was adopted at the 184th session (June 2021) of WP29
. . . . 0 (ECE/TRANS/WP.29/1159). The second version was submitted to the 12th session (January

Relationship between VMAD Pillars, Scenarios and FRAV Safety Requirements 2022) of GRVA (ECE-TRANS-WE29-GR V A-2022-02¢),
- - I-“A-TI-W ____________________________ - 4. Building on this conceptual work, VMAD was instructed by WP29

(ECE/TRANS/WP.29/1159) to undertake the development of NATM guidelines that could
provide direction to developers and contracting parties of the 1958 and the 1998 UN wehicle
regulations agreements on recommended procedures for validating the safety of automated
driving systems (ADS).

Safety Management System
of the manufacturer

II. Purpose and scope
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! 5. This guidelines document represents current best practices identified by the Informal
: Working Group on Validation Methods for Automated Driving (VMAD) for validating the
I safety of automated driving systems (ADS) using the NATM. These guidelines aim to
1 provide clear direction for validating the safety of an ADS in a manner that is repeatable,
1 objective and evidence-based, while remaining technology neutral and flexible enough to
1 foster ongeing innovation by the automotive industry. The intended audience for these
1 guidelines includes both developers of ADS technologies as well as contracting parties to
I
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Requirements

| Monitoring

——

Simulation

both the 1958 and the 1998 UN vehicle regulations agreements.

6. Validating ADS safety is a highly complex task which cannot be done
comprehensively nor effectively through one validation methodology alone. As a result, it is
recommended to adopt a multi-pillar approach for the validation of ADS, composed of a
scenarios catalogue and five validation methodologies (pillars):

L]

(a) Simulation/virtual testing,
(b) Track testing

(c) Real world testing.

(d) Audit/assessment

Scenarios

e e e e e e e e e e e e e -



Quantitative ODD Coverage Evaluation by SiLS and VilLS

« Safety assurance of autonomous driving systems requires verification
v' the system operates reliably throughout its intended Operational Design Domain (ODD).

« SiLS and VILS enable systematic execution of large-scale scenario sets
v" under varying environmental, traffic, and road conditions
v’ supporting quantitative evaluation of:
= ODD Coverage
= Coverage Gap
= ODD Boundary Conditions
= Scenario Completeness

« These metrics provide objective evidence for safety assurance
and are key indicators for future validation.

. Validated Area (Coverage)

Coverage Gap
:’_“- ODD Boundary




Digital Twin enabled safe and Repeatable Evaluation of Rare and Hazardous Scenarios

Many critical driving situations are difficult,
expensive, or unsafe to reproduce on public roads.

Digital Twin-based SILS and VILS environments
v enable safe, repeatable, and scalable validation
of these rare and hazardous scenarios
v significantly reducing development cost and
testing time.

N

Digital Twin Platform
Virtual Roads « Vehicles «

« Sensors * Environment « Traffic

| : _

Scenario Generation Engine
Rule-based + Data-driven + LLM-based +« Domain Knowledge

Scenario Library

Normal Scenarios

) (
Edge Cases Rare & Safety-Critical
(Common Cases) L

&8 (Unusual Situations) Scenarios
> ) \

=7\,

+

SiLS / VILS Validation Environment
Simulation-in-the-Loop / Vehicle-in-the-Loop Simulation
@ Safe Testing of Hazardous Scenarios

@ Repeatable Scenario Execution
@ Large-scale & Scalable Validation
@ Controlled & Parametric Testing

ViLS

Severe Weather
Heavy rain, fog, snow,  Jaywalking,

low visibility

Py

Vulnerable Road Users

ing cyclist, A

Emergency Vehicles
approaching,

sudden appearance

police stop, fire truck

Road Construction

Lane closure, detour,
workers on road

Sensor Degradation
Camera blur, LIDAR noise, Dropped cargo, tire burst,

radar blockage

Unexpected Events

erratic vehicle

Many more rare
and complex cases



VLM for Explainable an Al driven ADS Validation

« As Al-based autonomous driving systems become more complex,

« validation must evolve beyond conventional pass/fail metrics toward understanding why a driving
decision was made and under which operational context it occurred.

By integrating Vision-Language Models (VLMs) with SILS and VILS, it enables

v semantic scene understanding, contextual reasoning, anomaly interpretation, and explainable
validation of autonomous driving behaviors

v' contextual interpretation of driving scenes, anomaly understanding, and explainable validation
become possible.

/ . e 3
( 1. SiLS / VIiLS Scenario Execution ( 2. VLM-based Contextual Understanding & Explainability W 3. Explainable Validation &

Al-assisted Assessment
Large-scale & Diverse Scenarios ‘

Vision-Language Model (VLM) (

Al-assisted Safety Assessment

Textual Understandi

h . Y | Behavior Evaluation

3 PRt kol Was the behavior safe and a) riate?
=" « < crosses from behind PPropriave:

a parked vehicle in * Risk Assessment
urban environment £N What s the sk level and why?
VLM at night." .
SiLS / ViLS Environment ivi Q Root Cause Analysis
i 2
SiLS VLS r TP TP \ What factors led to this outcome?
Simulation-in-the-Loop Vehicle-in-the-Loop Simulation % IOV D ODD Coverage Update
‘ . .
m g T “ BV How does this scenario affect ODD coverage?
Rl Y, - \
il - i - B e} / )
Contextual Anomaly Explainable Semantic Automated Validation OUtPUt
Autonomous Driving System (E2E / Al-based) Interpretation Understanding Decision Report
« Scene description | | + Unexpected events + Why this action? + Human-readable . u A
@»D» Lo £ - $ v |t | | | | il
+ Environment info « Deviation from + Confidence level + Traceable rationale Scenario Metrics & Risk &
Sensors Perception Prediction Planning L ! expected behavior i L Summary Explanatlon L Results ) & Recommendations )
\ 2 = 4, 2/




LLM-enabled Edge Scenario Generation for ViLS and SiLS-based Validation

Ensuring the safety of autonomous driving systems requires

v" validation under a wide range of rare, hazardous, and previously unseen driving situations (Edge Cases).

However, manually designing such scenarios is

v' labor-intensive, difficult to scale, and often fails to capture the diversity of real-world traffic conditions.

To address this challenge, LLM-enabled Scenario Generation Framework

v automatically generates semantically meaningful driving scenarios from natural language descriptions,

traffic regulations, operational constraints, and historical driving data.

The generated scenarios are then integrated into SiLS and VILS environments

v' for large-scale autonomous driving validation.

4

1) Input Sources 2) LLM-based Scenario Generation

Natural Language Large Language Model (LLM)

“A pedestrian suddenly & . s
o ok Sroen Beliid & Edge Case Amplification

parked vehicle at night ;@ X
in heavy rain” (—> 5, 7:.: "j
Traffic Regulation: ’ = Ga o WL
@ &r;oma;glxnowl:dgo ‘ ‘
Semantics Edge Case Scenario “
&
ol

Weather  Lighting  RoadType  Traffic Density

Operational Constraints Understanding Reasoning Synthesis

(ODD, Weather, Road, etc.) Understand intent, | Identify rare, risky, = Generate coherent Edge Case Scenarios (Examples) @ CARLA Scenario

objects, events, and safety-critical = multi-agent traffic :
Historical Driving Data lationship ituati scenarios [0 [N S W
& Real-world Incidents &= v Sl

3) Scenario Optimization & Enrichment 4) Scenario Translation

Validity Check (regulation, physics, logic) Automatic Conversion to

Descriptions ‘ « Diversity Enhancement Simulation Formats
|
+ Parameterization (weather, lighting, road, etc.) S ASAM OpenSCENARIO

- ‘ K OpenDRIVE

MORA| MORAI Scenario

Custom Formats

5) SiLS / VIiLS Integration

Simulation-in-the-Loop (SiLS)

C R
R,/

Vehicle-in-the-Loop Simulation (ViLS)

s C B

High-fidelity Digital Twin Environment




Private 5G-enabled V2X-in-the-Loop Simulation Framework
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Real World / External Systems

Real Private 5G Integration

Roadside Units

Cloud Services

Traffic Manag
v' Integrates a Digital Twin simulator with a Sid «((vz-;)) v -
real Private 5G network to evaluate owe: = s A Ch
autonomous driving systems under realistic I e e I
communication conditions. (Latency, Jitter, Packet Los:, Bandwidth Fluctuation)
* Network-aware Safety Assessment Private 5G Network Infrastructure (Real)
v' Reflects latency, jitter, packet loss, SO AN Ly Lilh i
bandwidth limitations, and QoS variations «fA})) [z=o] Ed
in the validation process. &= - Gos & Cangestin

« Communication-aware ODD Evaluation
v Extends conventional ODD evaluation by

I V2X Messages over Private 5G

!

Communication Performance Analysis
Delay, Jitter, Packet Loss,
Throughput, Reliability

ODD Coverage Evaluation
Communication-aware ODD
attributes and coverage

Cooperative Driving Validati

Evaluate V2V/V2l cooperative
perception and maneuvers

Safety Impact Assessment
Analyze the impact of network
conditions on system safety

Al-assisted Analysis & Reporting
Automatic interpretation and
explainable validation

incorporating V2X communication quality (

as an additional ODD attribute. o I =
« Scalable and Flexible Validation Framework o

« Environmental Conditions

for Cooperative Automated Driving L . NS L
v' Enables validation of V2V, V2I, V2N, and ! !

Digital Twin-based V2X-in-the-Loop Simulation

Virtual V2X Message Generator

it B

“

V2P applications under realistic wireless |
communication environments. L

Simulation-in-the-Loop (SiLS)

Autonomous Driving System (SiLS / ViLS)
Vehicle-in-the-Loop Simulation (ViLS)

Adverse Weather
Information (V2I/V2N)

Emergency Vehicle
Approach (V2V/V2l)

Warning (V21)

Road Work Zone

Pedestrian Crossing

Alert (V2V/V2P)

v2pP

A

|

)
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Integration of Key Technologies for Next-Generation Validation

Diaital Twi SiLS / ViLS / V2XiLS LLM-based VLM-based
igital Twin Large-scale Simulation Scenario Generation Contextual Analysis ODD Coverage
High-fidelity Environment and Vehicle-in-the-Loop (Edge & Rare Cases) & Explainability & Risk Assessment

Toward Al-native Virtual Validation Framework

Scenario Generation Scenario Execution

Data Collection VLM Analysis Evaluation & Reporting Feedback & Improvement
(LLM-based) SiLS / ViLS / V2XiLS & Interpretation
Generate diverse & » ’ - * Logs . ‘ =— | Compute metrics ‘ ‘ N Update models
g’} edge scenarios g : ' « Sensor Data Understand context, =l ‘Garerate reporis Improve scenarios
Bt e ‘m. . Q ~ « Behavior Data anomalies, and i-l-l Assess safety d Enhance coverage
05’5 ; « V2X Data decisions .
regions VLM

1 ]

Continuous Learning & Improvement = <

v




Horizon Europe Project “AutoTrust” | Ny,

KATECH
Project Highlights
About AutoTRUST
AutoTRUST is an innovative project focused
on creating Al-powered  self-adaptive A
vehicle technologies to enhance the safety, Z'“ HMORM s AR
accessibility, and overall experience of
automated mobility. A Universit
y & UiA Gz IZ@LC;S iy waveye
Funded by the EU's Horizon Europe
program, it aims to make transportation Mz
. : . - O, &N Eprd otpg
more inclusive and resilient, driving the — Cariras Diocesana
transition to fully automated vehicles.
O bett . o
Pilot 1: Connected and Pilot 2: Adaptive Bus Pilot 3: Adaptive Mini Pilot 4: Adaptive
Autonomous Vehicles Public Services Buses Autonomous Taxi

Location: Greece (AviSense.Al) and Italy (ALKE) Location: Cyprus (NPT, UCY) Location: Switzerland (TPG, UNIGE) Location: Crest, France (BETI)



AutoTrust Validation Framework (Compared to UNECE/GRAV/VMAD Framework)

ik -

Integration of Key Technologies for Next-Generation Validation

A - O

Toward Al-native Virtual Validation Framework

o . SiLS / VILS / V2XiLS
Digital Twin L Sirwlation
High-fidelity Environment and Vehicle-in-the-Loop
Scenario Generation Scenario Execution

Data Collection
SiLS / ViLS / V2XiLs

(LLM-based)
g E > e ® WM» =
Target uncovered Q - m‘m m"‘ =l

DD regions

t

- A

AutoTRUST

VLM Analysis
& Interpretation

VLM

Learning & Imp

Evaluation & Reporting

+¢¢+6ﬁ

LLM-based VLM-based
Scenario Generation Contextual Analysis ODD Coverage
(Edge & Rare Cases) & Explainability & Risk Assessment

Feedback & Improvement

Generate reports

Improve scenarios
Aok sadoy dhﬁmm

4

Pilot 1: Connected and
Autonomous Vehicles

Pilot 2: Adaptive Bus
Public Services

Pilot 3: Adaptive Mini
Buses

Pilot 4: Adaptive
Autonomous Taxi

Test scenarios

(Corner cases)
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Requirements

Audit

Safety Management System J§
of the Manufacturer -

Test

Methods
Real World Tests

B

>

Safety Assessment of

Test
environment
assessment

\ 4

A

Test setup based
on test scenario Simulation/

(User Defined, = Virtual Test
LLM Based

Simulator and Validation Solution

Advanced Monitoring System and Data Processing
Intelligent Personalization, Adaptation and Virtual Assistant System




AutoTrust Validation Framework

5G Testbed

Na vt

5G testbed
network slici

‘Pvrdeﬂneo scenedlc-lzslsl——bi Scenario Generation H Locallzation «’

Sensor Data

Virteal Obstacles

@ ) Virtual Target Vehicle

(Car2x)

=)

\ & A

Test Scenario

sv

Test Vehicle

Virtual RSU

(Remote Control System) (Car2x)

AV System

Vehicle in
the loop

-
°
4
[
)
o
]
s
-§
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LLM based Test Scenario Generation and SiLS Integration

T Switching Panel
If you want t
Choose th
Monitoring §
Map data © Op
Check th

V| Synchronizati

0:00:00:05 ~

Npc Ghost Mode

Username : Katech_autotrust

[ ‘ .
- \
od v
KOREA Al IMOTIVE TECHNOLOGY INSTITUTE
Lo
F gy ogne X 4 v = 8] X

position(distance: 10m, ahead_of: ego, at: start)
speed(speed: 2u4kph)
lateral(distance: 3.5m, measure_by: right_to_right, at: start)

[Runtime Ego Raw]

X 404.790

y -86.117

heading : 334.230
[Runtime Ego Context]

route : forward_lane_2

s_m : 422,267
Saved trajectory: results\20260706_170503\generated_trajectory.csv
Saved object expected: results\20260706_170503\object_expected.csv
Rows: 1001

Sending NPC Ghost UDP...
[Ego Log] Reset
[NPC UDP Sender]
Local : 203.250.184.59:1003
Remote : 203.250.184.59:9101
[Final Ego Raw]
X 526.346
y : -143.276
heading : 332.620
Saved ego log: results\20260706_170503\ego.csv
Done.

C:\Users\jhh73\Desktop\py_3.10\route_logs\trajectory_generator_package>python 20
260706_meta_OpenSC. py| A

]

14

2% 5:09

ARG T A E 000




V2X-SW in the Loop Simulation (V2X-SiLS) based Validation : W, SO Ny,
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Key Benefits of Digital Twin-enabled SiL, ViL and V2X-in-the-L00|5 Validation Framework

« Comprehensive Scenario-based Validation

- Safe, Repeatable and Scalable Testing

« Network-aware Connected Vehicle Validation

* Quantitative ODD Coverage Assessment

- Al-powered Context-aware Validation (VLM)

« Intelligent Edge Scenario Generation (LLM)

« Closed-loop Validation and Continuous Improvement

« International Standard Compliance



Challenges in Next-generation Autonomous Driving Validation

Increasing Complexity of Al-based Autonomous Driving Systems
« Limited Coverage of Real-world Testing

 Insufficient ODD Coverage Evaluation

« Lack of Repeatable and Scalable Validation

« Limited Consideration of Connected Vehicle Communications

« Manual Scenario Generation

 Limited Explainability of Validation Results

« Fragmented Validation Workflow
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