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AI-driven Virtual ADS Validation

Status and Challenges 



Issues on ADS service in Real World

Waymo cars couldn't overcome the 
overflowing rain

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.



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



UNECE VMAD Scenario based Validation

• The UNECE VMAD framework emphasizes
✓ physical road testing alone is insufficient to demonstrate the 

safety of automated driving systems. 
• Instead, it promotes 

✓ a combination of Scenario-based Validation, Virtual 
Validation, and real-world testing to achieve comprehensive 
safety assurance. 

• SiLS and ViLS provide practical platforms for executing large 
numbers of representative and edge-case scenarios across the 
entire Operational Design Domain (ODD).



Quantitative ODD Coverage Evaluation by SiLS and ViLS

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

• SiLS and ViLS enable systematic execution of large-scale scenario sets 
✓ under varying environmental, traffic, and road conditions 
✓ 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.



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 
✓ enable safe, repeatable, and scalable validation 

of these rare and hazardous scenarios
✓ significantly reducing development cost and 

testing time.



VLM for Explainable an AI driven ADS Validation

• As AI-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
✓ semantic scene understanding, contextual reasoning, anomaly interpretation, and explainable 

validation of autonomous driving behaviors
✓ contextual interpretation of driving scenes, anomaly understanding, and explainable validation 

become possible. 



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

• Ensuring the safety of autonomous driving systems requires 
✓ validation under a wide range of rare, hazardous, and previously unseen driving situations (Edge Cases). 

• However, manually designing such scenarios is 
✓ 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 
✓ 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 
✓ for large-scale autonomous driving validation.



Private 5G-enabled V2X-in-the-Loop Simulation Framework 

• Real Private 5G Integration
✓ Integrates a Digital Twin simulator with a 

real Private 5G network to evaluate 
autonomous driving systems under realistic 
communication conditions.

• Network-aware Safety Assessment
✓ Reflects latency, jitter, packet loss, 

bandwidth limitations, and QoS variations 
in the validation process.

• Communication-aware ODD Evaluation
✓ Extends conventional ODD evaluation by 

incorporating V2X communication quality 
as an additional ODD attribute.

• Scalable and Flexible Validation Framework 
for Cooperative Automated Driving
✓ Enables validation of V2V, V2I, V2N, and 

V2P applications under realistic wireless 
communication environments.



AI native Virtual Validation Framework



Horizon Europe Project “AutoTrust”  



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

KATECH Proving Ground
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LLM based Test Scenario Generation and SiLS Integration
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V2X-SW in the Loop Simulation (V2X-SiLS) based Validation 
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V2X-Vehicle in the Loop Simulation (V2X-ViLS) based Validation 



Key Benefits of Digital Twin-enabled SiL, ViL and V2X-in-the-Loop Validation Framework

• Comprehensive Scenario-based Validation

• Safe, Repeatable and Scalable Testing

• Network-aware Connected Vehicle Validation

• Quantitative ODD Coverage Assessment

• AI-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 AI-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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Thank you !
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