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Advanced Driver Assistance Systems (ADAS)

• Solutions to assist drivers in driving functions

• Can detect obstacles or driver errors, and respond accordingly

• Anti Blocking Systems (ABS), Forward Collision Warning, Emergency 
Braking, Automated Lane Keeping

• Can largely improve road safety, preventing up to 60% of total traffic
deaths [1]

• Safety-critical, need to be properly tested
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[1] US National Safety Council, Injury Facts, 2022
https://injuryfacts.nsc.org/motor-vehicle/occupant-protection/advanced-driver-assistance-systems/data-details/



Testing «Traditional» ADAS

• Model-Driven Engineering

• Model-in-the-Loop (MiL)
• Model is tested using efficient simulation-

based methods (Matlab/Simulink)

• Hardware-in-the-Loop (HiL)
• ECU running the ADAS is tested when

connected to a simulated car using real
time systems (e.g.: dSpace)
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https://www.imc-tm.nl/solutions/e-mobility/



AI-based ADAS

• Next-gen ADAS are more 
complex

• Pedestrian detection systems

• Emergency braking

• Road sign detection

• Leverage more complex inputs 
• Video streams from cameras

• Data from lidars
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Testing AI-based ADAS

• Hard to reproduce inputs in traditional MiL

• On-field testing also unfeasible
• Up to billions of kilometers of test drives to guarantee that ADAS are safer

than human drivers [1]

• Safety Issues!
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[1] Kalra, N., and Paddock S. M., “Driving to safety: How many miles of driving would it take to demonstrate autonomous 
vehicle reliability?” Transportation Research Part A: Policy and Practice 94 (2016)



New Trend: Testing ADAS in Co-Simulation
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Challenges in Co-Simulation-based Testing

• Existing solutions highly-tailored to specific cases
• Lack of a solid reference framework

• Significant manual work required for the set-up of a test scenario

• Domain experts might lack programming competences
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Related Works

• Schütt et al. presented a 
meta-model to define ADAS 
test scenarios
• Lacks the possibility to express 

assertions

• Lack of a visual editor to 
design test scenarios in a 
WYSIWYG-like fashion
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[1] Schütt, Barbara, et al. "SceML: A graphical modeling framework for scenario-based testing of autonomous vehicles." in 
Proceedings of the 23rd ACM/IEEE International Conference on Model Driven Engineering Languages and Systems. 2020.



Proposal: A Meta-model Based Framework
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Proposed Meta-model for ADAS Test Scenarios

• Built on-top of the Eclipse Modelling Framework

• Allows for the definition of static aspects
• Road topology

• Weather conditions

• Static obstacles (i.e., trees, fences, vehicles, etc.)

• As well as dynamic aspects
• Dynamic of the ego-vehicle (i.e., path it follows, max speed, etc.)

• Dynamic obstacles (i.e., other vehicles)

• Allows for the definition of assertions
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Visual and Textual Editors
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Proof of Concept

• We developed a Python-based Test Execution Toolkit
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Co-simulation (Example)
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Collected Co-simulation Data

• Leveraging BeamNG APIs, we equipped the 
ego vehicle with a number of virtual
sensors

• Recording data about its state during the 
simulation
• Absolute position in the virtual map
• Speed, rotational acceleration and forces
• Accelerator, Brake, and steering inputs
• Fuel Level, ABS status
• Surface and Core brake temperatures for each

wheel
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[
{

"state": {
"pos": [16.9, -36.5, -27.7],
…

},
"electrics": {

"fuel": 0.85,
"gear": 2,
"wheelspeed": 40.45,
"parkingbrake": 0,
"throttle_input": 0.80,
"clutch_input": 0,
"brake_input": 0,
"reverse": 0,
"abs": 0,
"steering_input": -0.03,
"turnsignal": 0,
"rpm": 1528.68,
"wheelThermals": {
"RR": {

"brakeSurfaceTemperature": 14.99,
"brakeCoreTemperature": 14.99

},
"FR": {

"brakeSurfaceTemperature": 14.99,
"brakeCoreTemperature": 14.99

},
"RL": {

"brakeSurfaceTemperature": 14.99,
"brakeCoreTemperature": 14.99

},
"FL": {

"brakeSurfaceTemperature": 14.99,
"brakeCoreTemperature": 14.99

}
}, …

}, …
]



Envisioned Framework
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Backup slides
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ADAS Test Scenarios: Abstraction Levels
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ADAS: Emergency Braking
Setting: Urban intersection; Ego-vehicle 
takes a turn; Pedestrian crosses the street
Expected: No collision

Logical Test Scenario
Vehicle speed: [10 – 50 km/h]
Weather: {sun, rain, fog, snow}
Pedestrian speed: [2 – 10 km/h]
Turn direction: {left, right}
…

Concrete Test Scenario
Vehicle speed: 45 km/h
Weather: fog
Pedestrian speed: 10 km/h
Turn direction: right
…



Proposed
Meta-Model: 
Details

23 April, 2023 A-MOST 2023 19


	Slide 1: ADAS Verification in Co-Simulation: Towards a Meta-Model for  Defining Test Scenarios
	Slide 2: Advanced Driver Assistance Systems (ADAS)
	Slide 3: Testing «Traditional» ADAS
	Slide 4: AI-based ADAS
	Slide 5: Testing AI-based ADAS
	Slide 6: New Trend: Testing ADAS in Co-Simulation 
	Slide 7: Challenges in Co-Simulation-based Testing
	Slide 8: Related Works
	Slide 9: Proposal: A Meta-model Based Framework
	Slide 10: Proposed Meta-model for ADAS Test Scenarios
	Slide 11: Visual and Textual Editors
	Slide 12: Proof of Concept
	Slide 13: Co-simulation (Example)
	Slide 14: Collected Co-simulation Data
	Slide 15: Envisioned Framework
	Slide 16
	Slide 17: Backup slides
	Slide 18: ADAS Test Scenarios: Abstraction Levels
	Slide 19: Proposed Meta-Model: Details

