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Driverless Car of the Future, advertisement for
“America’s Electric Light and Power Companies”,
Saturday Evening Post, 1950s.

Credit: The Everett Collection

In the 1980s, German pioneer Ernst Dickmanns
introduced a Mercedes van to drive hundreds of 
kilometers autonomously on a highway!



Not every kilometer driven is equal: Most automated vehicles have been primarily
trained and tested under optimal weather and road conditions with clear visibility!
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The challenges start with harsh weather
conditions, such as fog, rain, and snow, which
substantial affect the functioning of the key
perception technologies and their development.

The Impact of Adverse
Weather Conditions on
Autonomous Vehicles
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Both sensors are negatively impacted by adverse weather conditions!

LiDAR Camera
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Sensor Contamination in Real-time

Rapid degradation of sensor performance.

The time difference between the upper and the lower row is 8.5 seconds.
The left column shows lidar point cloud (grey) and radar point cloud (red).
The difference is also noticeable in the front looking camera.

Contamination due to wet, sticky snow.

• Evaluation of sensors in-situ



Sensor Contamination in Real-time

Snow on a flat shield. The red box is the
area used to estimate the coverage of snow.

Snowy weather, wet ground,
moderate speed, contaminated.

The radar is 
also degraded, 
but more 
gradually!

• Evaluation of sensors in-situ



Lack of Datasets for Snowy Conditions 
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Current datasets offer limited annotated data for harsh weather conditions, suffer 
from low modality diversity, and typically cover only a single perception task!



7 European countries

2022-2026 (4 years) 

9.7M€

15 partners

Robust Automated Driving in Extreme Weather



ROADVIEW addresses these weather-related challenges by developing robust and cost-efficient
embedded in-vehicle perception and weather-aware decision-making systems for connected
and automated vehicles with enhanced performance under harsh weather conditions.

ROADVIEW: Objective & Methodology

ROADVIEW involves three main pillars!



Pillar 1: Synthetic Data Generation
Simulator Digital Twins ROADVIEW Test Locations

Generative AI Models



Pillar 1: Synthetic Data Generation
Compounding Methodology for Camera

Camera Noise Model



Pillar 1: Synthetic Data Generation
Compounding Methodology for Camera: Results



Pillar 2: Controlled Rain/Fog Tunnels
Outdoor Rain Simulation Facility

Rain Measurement Tools

Sprinklers

Buckets

Disdrometer (rain)

Anemometer (wind)

Sensor Setup

Automotive grade

RGB Camera

Thermal Camera

LiDAR (Innoviz One)

4D Radar

Validation of the best sensor suit!



Pillar 2: Controlled Rain/Fog Tunnels

8 Classes:
Background,
Car,
Sprinkler,
Rain,
Pedestrian,
Biker,
Targets,
Road.

Number of Annotated Points

REHEARSE Data Distribution

https://sporsho.github.io/
REHEARSE3D

Outdoor Rain Simulation Facility

RGB Thermal

LiDAR



Pillar 3: Real World Data
Sensor Fusion



Pillar 3: Real World Data: Sensor Fusion
Sensor Fusion for the Slipperiness Prediction

VLS-128 Lidar

RGB Camera

Thermal Cameras



Pillar 3: Real World Data: Sensor Fusion
Sensor Fusion for the Slipperiness Prediction with Uncertainty Distribution

LiDAR + RGB Fusion for 
Slipperiness Estimation

LiDAR

RGB



Pillar 3: Real World Data: Filtering

Existing SoA filtering methods suffer in
real-time applications due to large memory
consumption and long execution times.

The 3D-OutDet Architecture

Raisuddin A. et al., “3D-OutDet” in IROS 2025



Pillar 3: Real World Data: Filtering

Multi-class Semantic Segmentation Performance after the snow removal on WADS

Snowy Point Cloud
from the WADS Dataset

Filtered Clean Point Cloud using 
3D-UnOutDet 

https://sporsho.github.io/3DOutDet

Snowy Point Cloud
from the CADC Dataset

Filtered Clean Point Cloud using 
3D-UnOutDet 



Pillar 3: Real World Data: Filtering

Filtering Rainy Point Clouds 
logged in Turkey

Filtering Snowy Point Clouds 
logged in Finland



Pillar 3: Real World: Collaborative Perception

Data collection in Finland
Minimum recorded temperature 

during the tests: - 34 °C

Integrating Infrastructure-based Perception Systems 



Pillar 3: Real World: Collaborative Perception
RGB + LiDAR Fusion for Collaborative Perception via V2X  (vehicle detection & semantic segmentation)

Daytime Nighttime



Pillar 3: Real World: Vehicle Control

The MRM fallback function is triggered via V2X communication
(from the infrastructure) to safely pull over to the road shoulder.

 Weather Conditional Navigation system and Velocity Controller
 The onboard weather decision maker uses AI-based slipperiness and visibility data to monitor ODD

limits and trigger a safe stop (MRM) if limits are exceeded. MRM follows ISO 23793-1:2024!



Pillar 3: Real World: Vehicle Control
 Weather Conditional Navigation system and Velocity Controller

 The onboard weather decision maker uses AI-based slipperiness and visibility data to monitor ODD
limits and trigger a safe stop (MRM) if limits are exceeded. MRM follows ISO 23793-1:2024!

LiDAR-based Online Visibility Estimator



Pillar 3: Real World: Snowy Scenes
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Single-task

700 Frames

800 Frames
Unimodal

Current datasets offer limited annotated data for harsh weather conditions, suffer 
from low modality diversity, and typically cover only a single perception task!



Pillar 3: Real World: Snowy Scenes
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Pillar 3: Real World: Snowy Scenes

Captured over 14.4 km of driving!

Number of annotated points per class.

Point cloud counts (left) and the object distance 
distribution relative to the ego vehicle (right).



Multi-class semantic segmentation results on the Snowy Scenes test set

Pillar 3: Real World: Snowy Scenes Exp.

De-snowing (binary segmentation) 
results on the Snowy Scenes test set

3D Car detection performance 
results on the Snowy Scenes test set

Multitask learning performance
on the Snowy Scenes test set

• Voxel-based models (e.g., Cylinder3D) are more effective for semantic segmentation in high resolution point clouds. This is
because voxel-based methods maintain a consistent spatial receptive field!

• Projection-based methods (SalsaNext) inherently suffer from information loss due to the many-to-one mapping problem
and geometric distortions!

• Point-based methods (PTv3) operates with a fixed receptive field in terms of the number of neighboring points. Thus, as
LiDAR resolution increases, the spatial coverage of this receptive field decreases.

• Unsupervised point cloud denoising methods are not resolution agnostic and require further study!

• Sensor fusion boosts detection!



What is Next? Going from Snowy to 4 Season Scenes

Multi-vehicle & Multi-domain3D Semantic Segments, 3D Bounding Boxes, Noise Labeling
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(5.4 TB)
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Annotated Data

What is Next? Going from Snowy to 4 Season Scenes



What is Next? Going from Snowy to 4 Season Scenes

Foggy Rainy Snowy



Take Home Message:
• Data is important:

• Not every kilometer driven is equal!

• Limited annotated data for harsh weather conditions (low modality diversity & single 
perception task)

• New algorithmic solutions (e.g., unsupervised denoising) are required:

• Weather-aware perception and control solutions! 

• Voxel-based perception models are resolution agnostic!

• Domain translation is under investigated!

Be Weather aware!



Questions
Comments

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
necessarily reflect those of the European Union or the European Climate, Infrastructure and Environment Executive
Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for them.

https://roadview-project.eu/


