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Autonomous Vehicle (AV)
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https://www.statista.com/chart/17144/test-miles-and-reportable-miles-per-disengagement/



Causality Analysis of AV Accidents
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Overview of ACAV
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Motivating Example

5

ACAV   https://acav2023.github.io/merging1.html

Time Accident causal events Details

0s AV keeps safe distance 

from NPCs

--

0.4s Wrong motion planning; 

AV skidding sometimes

Too fast or too slow planning 

speed

0.8s Wrong planning caused 

by the wrong prediction; 

AV skidding sometimes

For NPC 2: wrong priority 

prediction; 

For NPC 4: improper ‘overtake’ 

decision; 

Too fast or too slow planning 

speed

2.6s Wrong motion planning; 

AV skidding sometimes

Too fast or too slow planning 

speed

4.3s Accident!



ACAV Framework: Stage #1
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Stage #1: Alignment and Vectorization
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• Consider five channels: map, localization, perception, prediction, planning. 

• Divide the recording into a list of frames. 



Stage #1: Alignment and Vectorization
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• Extract semantic information according to three feature extraction schemas. 



ACAV Framework: Stage #1
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Stage #1: Segmenting and Pruning
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• Segmenting Mechanism: 

𝑣𝑜𝑡𝑖𝑛𝑔 𝑣𝑚𝑎𝑝, 𝑣𝑝𝑒𝑟𝑐 , 𝑣𝑝𝑟𝑒𝑑 ≔ ෍

𝑐 ∈ 𝐶

𝑤𝑐 × 𝑣𝑐 ≥
1

2
෍

𝑐 ∈𝐶

𝑤𝑐 , 𝐶 = {𝑚𝑎𝑝, 𝑝𝑒𝑟𝑐, 𝑝𝑟𝑒𝑑}



Stage #1: Segmenting and Pruning
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Irrelevant Frame:

• Road Area

• Not near a stop sign

• No NPCs

𝑐𝑜𝑢𝑛𝑡(𝑆): compute the irrelevant frame ratio for a segment 𝑆

Relevant Frame:

• Junction/Crosswalk area

• Near NPCs

• Interact with NPCs



ACAV Framework: Stage #2
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Stage #2: Potential Frame Identification
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Stage #2: Potential Frame Identification

14

• Example

Navigating the Roads (Section 9, Navigating the 
Roads, California Driver's Handbook):

Before you pass, look ahead for road conditions 
and traffic that could cause other vehicles to 
move into your lane. Only pass when it is safe. 
Do not pass: 

• Within 100 feet of or in an intersection, bridge, 
tunnel, railroad crossing, or other hazardous 
area. 

• At crossroads and driveways.

𝐼𝑚𝑝𝑟𝑜𝑝𝑂𝑣𝑡𝑘𝐷𝑒𝑐𝑛 𝑥 :=
𝑎𝑣. 𝑜𝑛𝐽𝑐𝑡 ∨ 𝑎𝑣. 𝑂𝑛𝐶𝑠𝑤𝑘 ∧ 𝐷𝑒𝑐𝑛𝑂𝑣𝑡𝑘(𝑥)



ACAV Framework: Stage #2
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Stage #2: Causal Events Deduction
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For a vehicle: motions = longitudinal motions + lateral motions

Depicting the AV’s longitudinal planning states with Station-Time graph (ST graph)



Stage #2: Causal Events Deduction
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• Restore ST graph + Causality Analysis Tool (CAT)

CAT compare and analyze the ST graph 

from the AV perspective against the ground 

truth, frame by frame. 



Evaluation
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RQ1: Which combination of weights for feature vector categories and which threshold in the 
“segmenting and pruning” phase is the most effective? 



Evaluation
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RQ2: Does the ACAV effectively simplify accident recording compared to other approaches?

RQ3: How many different causal events can the causality analysis of ACAV automatically identify?



Evaluation
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RQ4: To what extent can the ACAV accurately identify causal events? 



Conclusion
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• ACAV, an automated framework for determining the causal events in 
AV accidents

• Implementation ACAV in both Apollo and Autoware.universe

• Causal events identification in 103 of 110 accident recordings



Main Contributions:

• A mechanism for identifying recording 
segments related to the accident

• A tool for identifying safety-critical 
frames by leveraging ST graphs

• The first framework for AV accident 
analysis and explanation

Thank You for Listening!
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