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History of AV Testing

3https://encyclopedia.pub/entry/19560
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Why AV Testing Matters

4https://www.linkedin.com/pulse/whose-fault-when-someone-dies-autonomous-car-crash-few-sun-dahan/
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Where We Are
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https://www.rand.org/content/dam/rand/pubs/research_reports/RR1400/RR1478/RAND_RR1478.pdf/
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AV Testing Method
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Virtual Simulation
Use computer simulations and 
virtual environments to assess 
the performance, behaviour, 
and safety of self-driving 
systems. 

Hardware-in-the-Loop
HIL focuses on testing the 

interaction between the 
hardware components in a 

controlled environment. 

Use actual vehicle in a 
controlled and isolated 
environment to eliminate the 
potential risks associated with 
public road.

Closed Track

Assess the performance and 
capabilities of AVs interacting 
with dynamic environment in 

open-road conditions.
On-Road Trail

Hi-Drive Summer School



AV Testing Method
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Virtual Simulation Hardware-in-the-Loop Closed Track On-Road Trail

Advantage
• Safety
• Scalability
• Reproducibility
• Cost-efficiency

• Safety
• Reduced cost
• Reproducibility
• Real hardware integration

• Safety
• Reduced cost
• Real vehicle dynamics
• Controlled environment

• Adaptive learning
• Scenario diversity
• Human interaction
• Real-world validation

Deficiency
• Limited realism
• Unrealistic scenario
• Less accurate sensor 

models

• Limited realism
• Scalability challenges
• Integration complexity
• Simplified sensor inputs

• Overfitting
• Testing scale
• Simplified scenarios
• Limited human interaction

• Safety concern
• Scalability challenges
• Limited reproducibility
• Unpredictable scenarios
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Edge Case
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A rare or uncommon risky scenario that is outside
the typical or expected conditions that an AV might
encounter, but not beyond the realm of possibility.
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Components of Virtual Simulation
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ControllerSensor

Simulator

Scenario Metrics

Represent the physical environment 
where the vehicle operates. 

Representation of perception and 
localisation hardware.

Algorithms that interpret sensor 
inputs and generate action.

Definition and specification of tests 
to run.

Models that help to evaluate the 
performance of controller.
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Simulator
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Carla LGSVL

PreScan AirSim

Hi-Drive Summer School



Sensor
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Controller
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https://hmc.unist.ac.kr/research/autonomous-driving/

openpilot
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AV Testing Scenario
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Scene

• Road, lane, and signals
• OpenDRIVE, 
    Lanelet2 

Scenario

• Motion of dynamic agent
• OpenSCENARIO, 

GeoScenario, 
SDL 
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Scene
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Example of a road segment

ASAM OpenDRIVE defines a file 
format for the description of the 
road networks and their attributes. 
It serves as a common data 
exchange format for sharing road 
information between various 
simulation tools, mapping 
software and AV platforms.
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Scenario
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ASAM OpenSCENARIO defines a file 
format for the description of the 
dynamic content of driving and traffic 
simulators.
The primary use-case of OpenSCENARIO 
is to describe complex, synchronized 
maneuvers that involve multiple entities 
like vehicles, pedestrians and other 
traffic participants. 

Example of an event
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Metrics
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◦ Time-to-collision (TTC) 
◦ Responsibility-Sensitive Safety (RSS)
◦ Deceleration Rate to Avoid a Crash (DRAC)
◦ Time Integrated Time-to-collision (TIT)
◦ Time Exposed Time-to-collision (TET)
◦ Bespoke risk index
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Proposed Pipeline
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◦ Automatic map generation 
of real-world locations

◦ CV or parameterised traffic 
flow generation

◦ Autoware-controlled ego 
vehicle on customised 
maps 

◦ Risk evaluation

Y. Feng et al., "Rapid Procedural Generation of Real World Environments for Autonomous Vehicle Testing," ICRA 2023 Workshop on Bridging the 
Lab-to-Real Gap: Conversations with Academia, Industry, and Government.
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Proposed Pipeline
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Example
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Scenario Extraction
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◦ Library of junction video 
footages from TfL

◦ Road agent detection and 
tracking

◦ Automated trajectory 
extraction

◦ Risk evaluation
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Scenario Replication
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Live Evaluation
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◦ Ego vehicle controlled 
via driving rig, traffic 
vehicles controlled by 
SUMO.

◦ Sensor detection with 
real-time risk metrics 
calculation.

◦ Live plot to give 
instant driving safety 
feedback.
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Pedestrian Perception
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◦ 97 participants
◦ 17 sessions
◦ 3-13 people in groups
◦ Walk-in-place 

locomotion
◦ Multiplayer setup

A. Shipman et al., "Novel trajectory prediction algorithm using a full dataset: comparison and ablation studies," 2022 IEEE International Conference 
on Intelligent Transportation Systems (ITSC).
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Pedestrian Perception
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◦ Position
◦ Gaze point
◦ Destination
◦ TTC to incoming 

vehicle
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Reality Gap
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The disparity or mismatch between performance or 
behavior observed in simulated environments and 
that observed in real-world.

Real-world 
Challenge

Simulation 
Accuracy

Difficulty in 
Transfer Learning
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Reality Gap
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Reality Gap

27E. Candela et al., "Transferring Multi-Agent Reinforcement Learning Policies for Autonomous Driving using Sim-to-Real," 2022 IEEE/RSJ 
International Conference on Intelligent Robots and Systems (IROS).
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Thank you!
Dr Yuxiang (Felix) Feng

y.feng19@imperial.ac.uk
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