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• Robust perception under extreme scenarios

Background

[1]. Benchmarking and Improving Bird's Eye View Perception Robustness in Autonomous Driving, TPAMI, 2025

[2]. Light the night: A multi-condition diffusion framework for unpaired low-light enhancement in autonomous driving, CVPR, 2025

RoboBEVbenchmark Challenges of nighttime scenes for autonomous driving



• Challenges

Motivation

Complex lighting conditions
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Underexposure

Overexposure
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Feature degradation

Semantic deficiency

Low visibility 
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• Learning illumination affined representation

Illumination map as guidance Pipeline comparison

Motivation

Our approach learns illumination-aware representations to enhance both the fundamental 2D and 3D stages.



Method



Selective Low-light Image Enhancement

Method
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1. Retinex Decomposition

2. Selective Mechanism

quantify brightness
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2D Illumination-guided Sampling

Enhance 2D image feature representations by learning 
adaptive sampling points from the illumination maps.

Aggregate semantic cues from adequately-exposed regions.

Visualization of sampling points Offsets distribution
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3D Illumination-driven Projection

Mitigate the adverse effects of semantic deficiency 
caused by overexposure.

3D-IDP constructs 3D illumination intensity fields to 
refine the projection process.
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1. Illumination Modeling

2. BEV Context Refinement
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Results

Real: Occ3D-nuScenes
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Results

Synthetic: nuScenes-C
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Ablations

Adverse effect of indiscriminate enhancement.

Ablation study on the impact of illumination in our SLLIE, 2D-IGS, and 3D-IDP.
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