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Introduction & Overview

Autonomous driving systems generate massive amounts of sensor
data. However, only a small fraction of this data contains critical or
saftey-relevant events. Continuous recording of all data is inefficient
in terms of storage, processing, and manual annotation effort.

This work presents a criticality-driven selective recording system that
captures only relevant corner cases using perception outputs and
criticality metrics.

Motivation & Challenges

» Massive data generation from LiDAR , Camera and Radar sensors.

 Rare occurrence of safety-critical corner case.

« Continuous recording leads to redundant and costly data storage

* Occlusions caused by trucks, buses, and parked vehicles hide
potential hazards.

« Manual review of large-scale driving data is inefficient and not
scalable.

Methodology
Step 1: Perception & Tracking

Objects are detected and tracked using LiDAR and Camera from
Autoware Universe stack.

Figure 1: Perception (Left - Camera Object Detection and Right - LIDAR Object Detection
and Tracking)(© AVL Deutschland GmbH)

Step 2: Criticality Metrics (CAPTOR)

A collection of criticality metrics used to assess situational risk. It
currently provides four primary metrics, with more planned.

Projected time to impact assuming constant
trajectories; the primary trigger for emergency
braking.

Time-to-collision
(TTC)

Forecasts the moment of minimum distance
between objects; essential for intersection near-
miss analysis.

Time-to-closest-
encounter (TTCE)

Quantifies the physical clearance at TTCE; flags
trajectories as high-risk if the gap falls below the
safe vehicle width.

Distance to closes
encounter (DCE)

The time needed to reach a full stop based on
current velocity and braking capability. If TTS>TTC,
braking alone cannot prevent a collision.

Time-to-stop
(TTS)
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Step 3: Event-Based Recording Triggers

The forward trailer may be obstructing the line of sight to objects
further ahead.

Trailer PotentialOcclusion

Figure 2: Large Trailer Potentially Occluding Objects infront (© AVL Deutschland
GmbH)

« Pedestrians are occluded by parked vehicles

Figure 3: Occluded Pedestrians by parked vehicles on the right (© AVL Deutschland
GmbH)

« Vehicle Behind approaching detected by Criticality Metrics TTC

Figure 4: Occluded Pedestrians by parked vehicles on the right (© AVL Deutschland
GmbH)

Conclusion

A criticality-driven selective data capture system optimizes recording
by filtering for high-value safety scenarios. Instead of constant

logging, it uses specific triggers to identify and preserve "edge cases”
for ADAS validation.

Targeted Capture: Successfully isolates high-value edge cases using
CAPTOR metrics and occlusion awareness, directly solving the data
overhead challenge.

Proven Deployment: The selective recording system functions reliably
across both live operations and offline MCAP playback testing.

Future Expansion: The CAPTOR library will be expanded beyond the
initial four primary metrics to cover a broader range of complex urban
corner cases.
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