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Facilitate safety performance improvements of conflict and crash avoidance systems by using computational driver

models through a) the development of improved comfort zone-based crash avoidance systems, and b) improving

safety assessment methods that use driver behavior models by developing efficient sampling methods.

• Virtual safety assessment is critical in the safety benefit assessment of conflict and crash avoidance systems.

• Scenario-based safety assessment plays an important role in the safety benefit evaluation of conflict and crash avoidance 

systems

• A massive amount of simulation is needed to generate representative critical cases.

• Several research gaps (i.e., opportunities to improve the simulation processes and guidance on when the experiments could 

stop) across the virtual simulation chain and experiment processes

COUNTERFACTUAL SIMULATION

Fig2: Comparison of AEB trigger time differences.

Simulation of 

real crashes

Historic Crashes

Simulation of 

crashes with 

safety system

Compare

Benefit of safety 

systems

Fig1: Counterfactual simulation for safety assessment.

• Counterfactual simulation simulates 

what could have happened if there 

were conflict and crash avoidance 

systems in original/historic crashes.

• The average safety performance of 

AEB including driver’s comfortable 

braking and steering (65%; CAEB 

algorithms) is higher than 

traditional/basic required-deceleration-

based AEB (47%; BAEB).

ACTIVE SAMPLING
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BAYESIAN POWER PREDICTION

• Active sampling -> machine learning-assisted optimal subsampling method.

• Update sampling scheme at each iteration and stop when predefined target precision is reached.

• Active sampling outperforms simple random sampling and importance sampling.

Initialization
Select new 

draws

Repeat the updates

Sampling 

complete

If precision target is reached 

Estimation 

and 

evaluation

Training and 

optimization

Training and 

optimization

If precision is 

not reached
Initial sampling scheme

Fig3 Illustration of active sampling process

Fig4: RMSE of crash avoidance rate for different sampling methods. 

AS is active sampling and IS is importance sampling.
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Fig5: Illustration of decision-making in experiments based on Bayesian predictive power analysis

• “Rehearsal simulations” – what may happen if experiment continues? Predictive data generation using posterior distributions.

• Stop when collected enough data or likely not able to collect enough data in the future within available resources.
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