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Motivation
• An autonomous vehicle should travel 100 million miles without causing a fatal accident.

• Active and passive safety have been developed as two isolated systems:
– Active safety: crash avoidance;

– Passive safety: crash injury mitigation.

• Integrative safety: jointly optimize the active and passive safety systems to avoid fatal 
crashes.

• Research need: explore the injury risk distribution for ADS during inevitable crashes.



Research Challenges
Pre-crash Scenario Crash Scenario Post-crash Injury

Injury PredictionADS Simulation

Human Driving Injury Outcome

• Task 1: Automatic data extraction

• Task 2: ADS simulation with injury prediction

• Task 3: Statistical analysis

• Noisy field data

• Isolated pre-crash and crash simulations

• Unknown ADS crash distribution



Proposed Project Framework
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Task 1. Automatic Field Data Extraction
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Type Examples / Description

Crash diagram Graphic/image not extracted.

Occupant-specific 
transport

Ambulance vs. helicopter, hospital transfer 
details.

Environment 
condition

Road type, lanes, weather, daylight, road 
surface.

Driver medical 
events

Seizure or loss-of-control events.

Occupant 
orientation

Forward/rearward movement relative to 
vehicle interior, child seat orientation.

Additional Crash Information



Extracted Pre-crash Scenarios

ADS Simulation Extracted Field Data



Pre-crash Scenario Crash Scenario

Delta-VSubject Info Braking Force

Trigger Time

Crash Speed

Crash Angle

Pre-crash ADS Behavior Crash

Injury Risks

Task 2 ADS Simulation

Vehicle Speed

• Adjust simulation parameters to account for ADS effectiveness in real world crashes

• Evaluate injury outcomes for generated ADS simulations



Simulation Parameter for ADS Effectiveness

• "A Study on Real-world Effectiveness  of Model Year 2015–2023 Advanced Driver Assistance Systems.“ 2025 MITRE.

Delta-VBraking Force

Trigger Time

Crash Speed

Crash Angle Injury Risks

Parameter tuning



Crash Injury Evaluation
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Automated Pipeline for Vehicle-to-Vehicle Crash

Field data Crash simulation

Injury outcome
Location Injury Risk

Head 3.7%

Chest 4.3%

Lower 
Extremity

8.6%

ADS simulation



Automated Pipeline for Vehicle-to-Pedestrian Crash

Field data Crash simulation

Injury outcome

ADS simulation

Location Injury Risk
Head 0.2%

Chest 3.0%

Lower 
Extremity

1.0%



Task 3 Statistical Analysis

• ADS simulation and injury risk analysis have been conducted on 17 CIREN cases.



Human Decision versus ADS Decision

Head Chest Lower EXT

Human 0.048
(0.05)

0.175
(0.23)

0.318
(0.32)

ADS 0.056
(0.05)

0.064
(0.10)

0.335
(0.30)



Conclusion

• Extract field data to generate close-to-reality ADS simulations

• Evaluate injury risks for ADS simulations

• Quantify the injury risk distributions under human driving and ADS decision



Questions?

Contact: Wenbo Sun, Ph.D., sunwbgt@umich.edu 

mailto:jwhu@umich.edu


Supplementary Material



EDR Data (CIREN #108646)

EDR data metrics: speed, braking, acceleration, steering angle, and seatbelt usage



Scenarios in the ADS Simulator

* https://github.com/michigan-traffic-lab/Behavioral-Safety-Assessment



CIREN #100343: Delta-V Calculation (ADS Decision)

Case 100343 — V1 (1,400 kg) rear-ended by V2 (18,144 kg trailer) | Oblique Left impact direction



Case 100343 | ΔV = 45 km/h | Male, 178 cm, BMI 22.1 | Oblique Left

Head AIS 3+
z = −10.5901
+ 2.3987 × ln(45)
+ (−0.3892) [Age]
+ (−0.0136 × 178) [Height]
+ (0.0591 × 22.1) [BMI]
z = −2.973
P = 1/(1+e²·⁹⁷³)

4.9%

Chest AIS 3+
z = −13.6031
+ 2.4905 × ln(45)
+ 0.4087 [Age]
+ (0.0128 × 178) [Height]
+ (−0.00922 × 22.1) [BMI]
z = −1.638
P = 1/(1+e¹·⁶³⁸)

16.3%

Lower Extremity AIS 2+
z = −12.1951
+ 2.5444 × ln(45)
+ 0.7025 [Age]
+ (−0.00014 × 178) [Height]
+ (0.0425 × 22.1) [BMI]
z = −0.890
P = 1/(1+e⁰·⁸⁹⁰)

29.1%

CIREN # 100343: Injury Risk Evaluation



CIREN # 100343: Injury Risk Curves



EDR Data (CIREN #108646)

EDR data metrics: speed, braking, acceleration, steering angle, and seatbelt usage



Lane Changing (CIREN #99817)

Red: AV
Green: BV



Car Following (CIREN #105203)

Red: AV
Green: BV



Cut In (CIREN #108909)

Red: AV
Green: BV



Left Turn (CIREN #109204)

Red: AV
Green: BV



Left Turn (CIREN #100271)

Red: AV
Green: BV
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