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Challenges of Safety Assessment for Highly Automated
Driving

- Billions of test kilometers are required to proof the probability of failure of a highway
pilot [Winner]

- Not possible only with field tests

- Usage of simulation in addition to field tests

- Scenario-based testing
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1. Framework for Parameter Variation

Statistics
Findings
Know-How Framework for Parameter
Variation (Optimization) to

Focus on Critical Areas

Assessment of
System Performance .

Logical
Scenarios

Simulation Score

Goal: Enormous reduction of scenarios to be simulated
—> Efficient Identification of failure regions e.g. for testing on proving ground

[Rasch, Maximilian & Ubben, Paul & Most, Thomas & Bayer, Veit & Niemeier, Roland. (2019). Safety Assessment and Uncertainty Quantification of
Automated Driver Assistance Systems using Stochastic Analysis Methods. NAFEMS World Congress, Canada]
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2. Logical Scenario On-Ramp

trafficVel _des

|
|
On-Ramp End

Start Position Ego

egoVel_start
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3. Traffic Modeling

TrafficObj2 TrafficObj1
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3. Simulation Environment
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3. Intelligent Driver Model (IDM)

« Continous and accident-free traffic model
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Modification of the traffic modeling:
- IDM is an accident-free model -> unrealistically high vehicle deceleration
> Limitation of the braking acceleration b
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3. Intelligent Driver Model (IDM)

trafficMinDist + trafficVel des - trafficTHW
|« >:< >
I I

. . I —a ‘ —

- Desired gap size: DD: . :L__D_
| trafficGap des )

trafficGap_des = trafficMinDist + trafficVel_des - trafficTHW

- Steady-state gap s, for v = Av = O:
sg » trafficGap_des fur v = trafficVel_des

Modification of the traffic modeling:
> Limitation of the vehicle sight distance:
dyimm = min(trafficGap_des, dax )
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4. Criticality Level to Assess the System Performance

Level 3
No collision
Uncritical

Level 0
Collision
None to slight
damage

Level -3
Collision
High severity
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4. Criticality Level to Assess the System Performance

Level 3
No collision
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4. Introduction of a Classification of Scenario Results

- Observer implemented in the simulation environment
- Qualitative classification of vehicle behavior

merge_successful | Destination

eft_driveable_regior

Daimler Truck AG Sensitivity analysis of traffic modeling and its influence on the exposed failure regions | Johannes Plaum | 18.06.2021 14



4. Parameter Variation Results with Classification
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4. Sensitivity Analysis of Traffic Modeling

Sampling of the
parameter space

Calculation of a
Metamodel of

v

Optimal Prognosis
(MOP)

Identification of
the relevant
parameters

[Rasch, Maximilian & Ubben, Paul & Most, Thomas & Bayer, Veit & Niemeier, Roland. (2019). Safety Assessment and Uncertainty Quantification of
Automated Driver Assistance Systems using Stochastic Analysis Methods. NAFEMS World Congress, Canada]
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4. ldentification of the relevant Parameters

Coefficients of Prognosis (using MOP)

full model: CoP = 73 % Coefficients of Prognosis (using MOP)
full model: CoP = 81 %

= trafficLength1: 0 % —
trafficLength3: 1 % < b: 12 %
E trafficLength2: 1 % .
9] oo D
% a-2% gm' egoVel_start: 15 %
g trafficMinDist: 2 % g
= trafficLength4: 3 % 5
= :
o o trafficTHW: 44 %
Z b: 6 % Parameter- |~
[ | <

reduction

egoVel_start: 11 %
trafficTHW: 40 %

trafficVel_des: 54 % — ™0 10 20 30 40 50 60
0 10 20 30 40 50 CoP [%] of OUTPUT : min_crit_level

CoP [%] of OUTPUT : min_crit_level

1-~7 trafficVel_des: 63 %

Daimler Truck AG Sensitivity analysis of traffic modeling and its influence on the exposed failure regions | Johannes Plaum | 18.06.2021

18



Framework for Parameter Variation

Statistics
Findings
Know-How Framework for Parameter

/\;‘ Variation (Optimization) to
\_D_I:I_D_ Focus on Critical Areas

Assessment of
System Performance

Logical Scenarios

T &

Simulation Score

Logical Parameter Distributions

Scenarios

Daimler Truck AG Sensitivity analysis of traffic modeling and its influence on the exposed failure regions | Johannes Plaum | 18.06.2021 19



5. Comparison of Development Versions

- Evaluate the impact of new features in development
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5. Analysis of Vehicle Behavior

- Examine the influence of traffic speed and THW on the identified regions
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5. Influence of the Ego Start Speed

- Speed of the Ego at the time of the lane change for performed merges

3rd Dimension
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5. Influence of the Traffic Braking Acceleration

* Speed difference when Changing lanes Dependence on braking
affects the identified regions acceleration of traffic
i | | | vehicles
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6. Summary

- Clear classification of scenarios with qualitative metrics

- Testing tool to identify possible failure regions and visualize results for functional

development

- Ability to analyze the dependence of the failure regions on the parameters
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