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The AV Challeng

LEFT REARWARD UEHICLE CAMERA
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“Not every kilometre driven is g
equal’

Most autonomous vehicles B
have been primarily trained & wavuo o
and tested under optimal — _ | M
weather and road R -y e

conditions with clear |- Wt

visibility!

@Simple Volkswagen




ROADVIEW: The solution
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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.

Improved perception systems

Ice on road
Slippery
1

Vulnerable Snow and fog
Road User Limited visibility

Weather-aware

~ decision-making and control

Testing and
validation

Software-,
hardware-, and
vehicle-in-the-loop

Sensors
* GNSS (incl. Galileo)
* IMU

* Multi-Camera
* Multi-LiDAR
+« RADAR

* V2X

ROADVIEW

Robust Automated Driving
in Extreme Weather

* Complete and robust
ROADVIEW system

* Reliability through testing
and validation

T

Demonstration
of integrated system in
OEM platforms at TRL 7
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ROADVIEW: Robust Automated Driving in Extreme Weather 9
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Example of results

0 N

Modality 3D Annotation
Logging and annotating mUItimOdaI harSh Weather dataset: Dataset Year LiDAR RGB Thermal GNSS/IMU BB SL SF #Frames #Classes Snow
KITTI[15] 2012 64 90° - I v - - 15K 8 -
. KAIST [10] 2018 32 26° 25° I v - 95K 3
= ROADVIEW has logged large-scale datasets in four nuScenes [7] 2019 32 360° - A A A U 23
. . . . Waymo [29] 2020 o4* 360° - I v v - 230K 4
seasonal conditions (clean, rain, fog, and snow) using its A2D2[16] 2020 16 360° - oo T 1% 14
. . Argoverse 2 [34] 2021 32 360° - -/- v - - 150K 30
mUItIple VehICIeS' ScrgnanticKI'ITI [4] 2021 64 - I - v - 43K 28
CADC [22] 2021 32 360° - I v - - 7K 10 v
- . - - - - - v v
= As a unique contribution, these datasets were fully Noes 1151 e o PV A - 2
H H . Boreas [6] 2023 128 81° - I v - 7K 3 v
3Q annotatgd to addrgss multlple.perceptllon .tasks. 3D 200 11 pret VN /Y o S
object detection, semantic segmentation, and filtering. SemanticSTF [30] 2023 64 - - - -/ - X 21 4
MSU-4S [19] 2024 64 150° - I v - 100K 3 v
MAN TruckScenes [14] 2024 64 360° - VI v - - 30K 27 v
| Snowy Scenes 2025 128 70° 72044 /I v /L SK 27 v |

* For the top spinning LIDAR. ** Combincd HFOV of 3 thermal cameras.  ™** Total amount of collected data is over 22K.

BB = BoundingBox, SL=Semantic Labels, SF=Scene Flow
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3D Semantic Segments, 3D Bounding Boxes, Noise Labeling Multi-vehicle & Multi-domain
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Example of results

N

Increasing the degree of challenges in the simulation tool:

» LUA implemented high-fidelity digital twins of the Lapland Proving Ground (LPG), enabling rigorous testing
across Simulation-in-the-Loop (SiL), Hardware-in-the-Loop (HiL), and Software-in-the-Loop (XiL)

» WMG advanced computational noise modeling techniques to generate realistic, challenging sensor data—
including RGB images, 3D LIiDAR, and 4D RADAR point clouds.

» Complementing this, THI collaborated with LUA and implemented more challenging simulated traffic scenarios.

“3 Lidar, Radar i Number of points in different frames captured at PDD with snow
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Collaborative Perception Solutions with Infrastructure-based Perception System§.9
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Data collection in Finland

- Infrastructure RSU installed in

Muonio 01/2025

- Minimum recorded
temperature - 34 °C

Roadside camera and Lidar

—

ST AR (5@

V2X Manoeuvre Coordination
Module (MCM)

« MCM request: MRM or speed
advice
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V2X Road Weather Message
« RSU and vehicles exchange
data about friction and

visibility conditions

Power supplies

V2X Communication
for roadside sensors

O =

Wide area
Network access

ROADVIEW

Local area

network access

Roadside unit




Collaborative Perception Solutions with Infrastructure-based Perception System§.v
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Recordlng with VTT vehicle — snow falling, road covered by show
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Collaborative Perception Solutions with Infrastructure-based Perception System§.9
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falling-snow-flakes
moving-other-vehicle (x)
moving-truck (x)
moving-bus (x)
maving-on-rails (x)
moving-person (x}
maving-car (x)
other-object
traffic-sign (x)
pole (x)

terrain

vegetation
other-structure
fence

building
other-ground
sidewalk

parking

road

person (x)
other-vehicles (x)
truck (x)

on-rails (x)

bicycle (x)

car (x)




Input point cloud of shape (N,4)

Development

ﬁ O PyTorch
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/Implementation
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Lidar sensor

Input point cloud of shape (N,4)

N

Vehicle visibility estimator driver
software, distributing and receiving
data in the vehicle network in real-time
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Visibility estimator (VTT)

HDR CAMERA
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Slipperiness (grip) prediction (FGI)

™~ Pixelwise Normal
Inpudata Grip —» Grip Mean——®»  Distribution For Grip
Prediction
_ Model —» Grip STD ——»
4
Road Weather
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Road Weather States Distribution From Road Distribution Grip Prediction With
From Training Dataset Weather State Prediction Uncertainty Distribution
—P —
_,_:l——d_,%_ L . —J : . = - . }L
\0‘1 0.2 0.3 0.4 0.5 0.6 0.7 O.E) h . . ). . . X . X ). .




Slipperiness (grip) prediction (FGI) 9 e

Mean squared error of
predicted grip distribution
mean 0.0620

Mean squared error of
predicted distribution

The length of the 95% confidence interval  median 0.0642
Amount of measurements

of the predicted grip distribution e
("The uncertainty of the grip prediction") o) 9.4

Road weather state
prediction accuracy (%) 94.8

ROADVIEW .




Sensors on VTT Martti used during these tests:
» 4 x Basler RGB cameras, covering a full 360° surround view
* 1 x Robosense ruby plus128-beam LiDAR (on top of the vehicle 360° FoV)

» U-blox ZED F9P Global Navigation Satellite System (GNSS) & Xsens Mti-680g IMU
« Teconer sensor (as a reference) to measure friction in front of the right front tyre

(

VTT AV platform

VTT vehicle
localization

Configuration
parameters

VTT route

manager

Slipperiness
detection
(T5.3)

Visibility

detection
(T5.3)

VTT AV, sensors and software architecture used in evaluations Q-

)

ROS msg
(speed advice, V2X vehicle
MRM) manoeuvre

ROS msg
(grip)

F

ROS msg
(visibility)

Legend

WP6 modules

WP6 sub-modules

Vehicle Deployment

Other ROADVIEW
modules

o
I}
=1

coordination —
(MCM Controller)
(T6.3)

Weather conditional Navigation (T6.2) and
Velocity controller (T6.4)

V2X, Visibility & Friction- ROS msg

aware acceleration and (Trajectory,
velocity limiter Adverse MRM)
(16.4) condition >

supervisor
(T6.2)

Braking distance
estimation

(T6.4)

VTT AV platform

MRM trajectory
modifier

VTT Obstacle
avoidance

VTT Path
controller

VTT Vehicle
controller
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VTT artic tests in Lapland

ROADVIEW



Weather conditional Navigation system and Velocity controller evaluation .‘_9
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The real-world evaluation tests took place in the Tampere area on public roads and at the Lapland Proving Ground (LPG,
hitps://laplandpg.fl/) closed test track.

. Friction needed to match the speed | Pedestrian ucs:
VTT measurements n LPG C5 of another road user is taken into walking along | interacting
account by starting the deceleration | the lane tothe | with VRU
early enough same direction

3 Friction needed to change a lane | NO Other UC2: coming to
VTT measurements in LPG C3 and come to a full stop is taken | traffic
into account by suitable speed participants
and deceleration limitations
during the manoeuvre

The videos demonstrate the test scenario and conditions observed during the evaluation.
These videos were not captured from the same test drive.
&
ROADVIEW

The videos demonstrate the test scenario and conditions observed during the evaluation.
These videos were not captured from the same test drive.

ROADVIEV

ROADVIEW



https://laplandpg.fi/

ROADVIEW newsletter,

ROADVIEW webinars

* April 2024: Standardisation & the Regulatory Framework
» March 2025: Robust Perception of AVs

* More coming in 2026...

oy

Policy brief - Published March 2025 - outlines key recommendations:

Policy Brief

ROADVIEW

» Establishing a harmonised European framework for CAV testing and
Automated Vehicles for Safer, Smarter, and Sustainable
a p p rova Mobility - Overcoming Harsh Weather Challenges.
‘Automated Vehicles (CAVs) are expected to play a deployment of these innovations could be constrained
nsurin ransparencv and compliance wi e C et e Pt s B S o,
 Balancing data privacy and security under GDPR
KEY POLICY NEEDS RESULTING FROM ROADVIEW

Strengthening V2X communication standards for adverse weather
conditions

border validation. particularly under h:
weather conditions. Legal  constraint:
combined with unpredictable westher, meke
comprehensive testing seross scenarios
even more challenging.

ROADVIEW innovations may be classified
@5 high-risk_ requiring significant efforts ta
meet regulatory requirements, potentislly
impacting development and deployment

02 MNeed for o hermonised CAV lUabily 5 A EU-wide regulstory hybrid methodology
framework to clarify rosponsibility in for CAV tasting and approvalic required. with
accidents. especially when following V2X policymskers. considering the metrics snd
driving ecvice inhersh weather. Inconsistent testmethodologies develaped by ROADVIEW.
regulations_across EU Member States Integrating these into reguletions could
Create legal uncertainties that could hinder enhance simulation credibilty especislly
commercialisation  of _weather-robust n hersh weather and ecceleraie CAY
technalogies across the European single deployment
market

03 Balancing privacy and socurity in CAV data  (J§ Need for mandatory EU/UN regulations

collectionisneeded. ROADVIEWtechnologies
enhance CAV reliability in adverse weather
through the use of cameras. Yet. this may
conflict with GDPR, Addressing this trade—
off is essential for enabling effective data
sharing within the CCAM ecosystem while
ensuring compliance and road safety.

following V2X communication standards
for adverse weather to ensure safety.
interoperability. and large-scele adoption.
Policymekers should consider ROADVIEW'S
contributions within ETSI to strengthen
regulatory framewarks end drive industry-
wide compliance.

ROADVIEW
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ROADVIEW TEST ENVIRONMENTS & DEMONSTRATIONS

Full-span of verification methodologies
all around Europe has been established
to address various use-cases and
Operational Design Domains (ODDs)
within ROADVIEW project.

ROADVIEW test environme
& demonstration map
Test & demo types:

@ Digital twins and simulations” -

@ Controlled environments & = afed
@ Proving grounds

@ Open environmen
Snow Depth {(cm) -

GERMANY

‘uo

TURKEY



ROADVIEW DEMONSTRATION DAY
3.3.2026 Motorspace track, Pirkkala

Agenda:
11:00 — 13:30 Live demo onboard VTT AV
- In-vehicle road slipperiness estimation
- Roadside-vehicle (V2X) cooperation
- Weather-aware velocity control & MRM
12:00 — 13:00 Lunch
13:00 — 14:00 Q&A, networking

Weather-aware decision-maker ~ Automated Vehicles (AV)
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