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CHALLENGES OF AUTOMOTIVE PERCEPTION 
UNDER ADVERSE VISIBILITY CONDITIONS FOR 
AUTOMATIC DRIVING SYSTEMS (ADS)



CURRENT STATUS AUTOMATIC DRIVING 

• China (Pony AI) and USA (Waymo): Level 4 Robotaxis in urban areas (Wuhan and San Francisco)

• Europa: Level 3 "Conditional Driving Automation“ first serial products on the road Focus on highways)
• Mercedes DRIVE PILOT, allows conditionally automated driving at up to 95 km/h on German highways under specific 

conditions.
• BMW Personal Pilot L3 enables drivers to hand over control of the vehicle completely to the system at speeds of up to 60 

km/h on separate lanes of motorways in Germany.

One main difference is the max. speed: Robotaxis mostly <= 40 km/h, European L3 application up to 130km/h and 
thus the  observation distance                                                       46 m                                                              150 m
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UN REGULATION ALLOWS AUTOMATED DRIVING UP TO 130 KM/H
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Specified max. 
speed (km/h)

Min. forward 
Detection range (m)

0 - 60 46
70 50
80 60
90 75

100 90
110 110
120 130
130 150

January 1st, 2023: Revised UNECE regulation R157 for ALKS comes into effect for all contracting countries (42)

• Allows OEMs to legally provide customers with ALKS (SAE Level 3 up to 130 km/h for “Minimum forward detection range”)

• “A passable object is such an object, that may be driven over without causing an unreasonable risk to the vehicle occupants 
or other road users regardless of whether the tyre of the ALKS vehicle encounters the object or not.”

• ALKS can only operate in conditions that allow bigger than “ passable object ” to be detected

Min iFoV object angle a= 0.15/150 = 1 mRAD (~0.057 degree)

Min. 150m

V = 130 km/h

‣ Min iFoV sampling angle 0,01 degree!!    Min Resolution due to sampling theorem x2 |  traversability x2 |  safety margin x2
‣ Means vertical resolution of 2000 lines with a required 30x20 degree FoV
‣ Challenging with current LiDAR!



NEW UN REGULATION: ALKS MUST TAKE WEATHER INTO ACCOUNT
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5.2.3.2. The activated system shall adapt the vehicle speed to infrastructural and environmental 
conditions (e.G. Narrow curve radii, inclement weather)

"Automated lane keeping system (ALKS)" is a system which is activated by the driver and which keeps the 
vehicle within its lane for travelling speed of 130 km/h or less by controlling the lateral and longitudinal 
movements of the vehicle for extended periods without the need for further driver input.

2.1. "Operational design domain (ODD)" of the automated lane keeping system defines the specific 
operating conditions (e.G. Environmental, geographic, time-of-day, traffic, infrastructure, speed range, 
weather and other conditions) within the boundaries fixed by this regulation under which the automated 
lane keeping system is designed to operate without any intervention by the driver. 
2.8. "operational design domain (ODD)" of the automated lane keeping system defines the specific 
operating conditions (e.G. Environmental, geographic, time-of-day, traffic, infrastructure, speed range, 
weather and other conditions)
2.9. "Operational design domain (ODD)" of the automated lane keeping system defines the specific 
operating conditions (e.G. Environmental, geographic, time-of-day, traffic, infrastructure, speed range, 
weather and other conditions) within the boundaries fixed by this regulation under which the automated 
lane keeping system is designed to operate without any intervention by the driver.
2.11. "Control strategy" means a strategy to ensure robust and safe operation of the function(s) of "the 
system" in response to a specific set of ambient and/or operating conditions (such as road surface 
condition, traffic intensity and other road users, adverse weather conditions, etc.). This may include the 
automatic deactivation of a function or temporary performance restrictions (e.G. A reduction in the 
maximum operating speed, etc.).

SINCE JANUARY 1ST 2023



THE CHALLENGE
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• Next Generation

Mandatory: For safety reason as a minimum, the L3 system must be able to detect and delegate the driving task back to the      
driver on time if inoperability is foreseeable:

Current systems
Driver is responsible for driving task 

Next generation systems - ADS
ADS is responsible for driving task

Werner

For  broad market acceptance:
The system should also function in 
adverse weather conditions (up to a 
defined degree). … means to be able to 
detect the „lost cargos“

Lost Cargo 
Detection
Capability
In Adverse
Weather

ODD Monitoring (Visibility Estimation): 
The system must independently 
detect its inoperability in e.g.  adverse 
weather! and inform the driver to take 
over in good time

Visibility 
Estimation
Capability



LOST CARGO DETECTION IN ADVERSE WEATHER



ADVERSE WEATHER CHALLENGES

• Stereo Camera
Short visibility, invisible pedestrians next 
to a blinding car headlight

• Gated Camera (an AI-SEE development)
larger visibility and less problems 
with backscattering/airlight

• LiDAR
lots of reflections directly in front

‣ Pedestrians at approx. 30m from vehicle 
can not be detected (not visible) with either 
the LiDAR or conventional camera. 

‣ Only “visible” with thermal imaging 
or a gated camera
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AW-Test in 2016: Installed sensors perfomance degrades strongly in bad weather, e.g. Fog with 50m-60m visibility range

AW-Test in 2024: Conventional sensors still degrade strongly in adverse weather conditions !



LOST CARGO MEASUREMENT CAMPAIGN IN THE JARI WEATHER CHAMBER IN DEC 2024
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Test scenario for lost cargo distributed over 
200 m weather chamber length.

Quiz: Where is the motorcyclist? 



LOST CARGO MEASUREMENT CAMPAIGN IN THE JARI WEATHER CHAMBER
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Motorcyclist 
160m

49,00 Palette
50,50 Tire
60,00 Bricks
70,00 Light Blue Doll laying perpendicular to car
70,00 Mercedes C-Klasse T
80,00 Exhaust
85,00 Plastic Box blue
87,50 Dark Blue Doll Standing looking in front to the car

100,25 SQS white from the back
110,00 S-Classe blue from the side
110,00 Bumper
120,00 tire
160,00 motorcyclist
170,00 wooden bar

180,00
Pedestrian Standing dark 
blue

190,25 car Mistubishi



A BIT HARDER: LOST CARGO > 75 M DISTANCE WITH FOG 80M VISIBILITY
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Fog 80 m visibility range, 



MB & JARI - CONTROLLED FOG CHAMBER SETTINGS  - LOST CARGO TEST SCENARIO
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Fog Chamber Characteristics (JARI
‣ Rain: Two different sprinklers with particle size of 640µm and 

1400µm, and 3 precipitation levels: strong (30 mm/h), intense 
(50 mm/h), and very intense (80 mm/h)

‣ Strong light: Controlled mobile 6 kW xenon light source with maximum 
luminous intensity of 350Mcd, and adjustable position, yaw and pitch angles

‣ Reproducible adverse weather effects ranging from rain to strong 
oncoming sunlight and fog

‣ 200m long and 15m wide fog chamber 
‣ Fog: 7.5µm particle size and controllable visibility of 10m up to 80m
Ground Truth Depth Acquisition
‣ Ground Truth Depth Acquisition for static scenarios with a Leica 

ScanStation P30laser scanner 
‣ Accumulation of multiple point clouds, captured at different overlapping 

positions to mitigate occlusions and increase resolution
Scenario Setup
‣ Highway scenarios with lost cargo and constructions site
‣ Lost cargo objects, pedestrians (mannequins), and cars are placed at 

different distances in the fog chamber
‣ Each scenario is captured in clear, rain, and fog conditions

Fig. 1: Sensor Measurements and Ground Truth Depth.



MB & JARI - QUANTITATIVE DEPTH ESTIMATION RESULTS FOR LOST CARGO EVALUATION
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RGB/RCCB based methods:
‣ Good performance in daytime
‣ Limited performance in nighttime 

due to reduced visibility

LiDAR based methods:
‣ Good performance in clear conditions
‣ Limited performance in adverse weather 

due to clutter within the point clouds

Gated based methods:
‣ Strong performance at day and night
‣ Good performance in adverse weather 

due to the gating principle, reducing 
backscatter significantly

Lost Cargo Detection Benchmark!
‣ For more details see Paper “A Multi-Modal Benchmark for Long-Range Depth Evalutaion in Adverse Weather 

Conditions, IROS 2025“



GATED RCCB STEREO FOR LOST CARGO DEPTH ESTIMATION
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So that … Gated RCCB Stereo is Currently THE Best solution Worldwide for Lost Cargo Depth Estimation!

pallet

bicycle

‣ For more information see Paper CVPR 2024 “Cross-spectral Gated-RGB Stereo Depth Estimation“



VISIBILITY ESTIMATION 



VISIBILIY ESTIMATION

• A physics-based solution proposal was developed in AI-SEE.
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Imponderables:
• Day and night and/or AW particles in 

the air

• Object/Background Reflectivity per 
se unknown (from traffic participants 
and also from )

• Light sources unknows (air light, 
lamps,  reflected light from objects, 
etc.)   

• 3D-Geometrie of the scene unknown

• When you “see” fog clutter with 
LiDAR than you are to late to switch 
off the system

• In presence of spray (additional 
strong clutter)

HOW (What Method) ?:

Currently no trivial (mostly heuristics-
based) approach is known that works 
sufficiently well!‣ Extended Approach with Gated Cam see CVPR 2024 “Gated Fields: Learning Scene Reconstruction from Gated Videos“

Question to be answered:
• Can I still detect lost cargo in time at my current speed ... even under the current visibility conditions?



BACK UP GATED CAMERA
RESILIENT AGAINST ADVERSE WEATHER

CLEAR IMAGE + HIGH RESOLUTION 3D DEPTH MAP
INHERENT WEATHER (VISIBILITY) MONITORING 



ADVANTAGES OF A GATED CAMERA (COMPARED TO A STANDARD CAMERA)
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The Gated Image is almost undisturbed by adverse weather due to gating effect!

RGB-Standardcamera                                           Gated Camera
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GATED DEPTH ESTIMATION – INHERENT DEPTH ESTIMATION FROM 3 GATED DEPTH SLICES
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Neural Network 
based 

Approach

Gated Images

𝐷𝑒𝑝𝑡ℎ

Depth Map Resolution 1280x720 

𝑍!

𝑍"

𝑍#

Additionally to clear images, the gated camera can be also used to inherently generate high-resolution depth maps!



QUALITATIVE RESULT IN SNOW – STATUS FROM 2021
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RGB

LiDAR Gated2Gated

Slice 1 Slice 2 Slice 3

Status 2021 - Depth Map Resolution of  1280x720 (better than any LiDAR), Accuracy better than 5%*distance
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TAKE AWAY



TAKE AWAY

• For a broad market acceptance of automatic driving an extension of the availability to adverse visability conditions is a must!
• This requires a least two AD system capabilities:
• Lost cargo detection capability in adverse weather/‚visibility conditions (with improved or novel sensors)
• A good working visibility estimation algorithm based on improved or novel sensors

• Gated Camera proved to be the benchmark solution for lost cargo detection in all (good and adverse) weather conditions. 
Adaption to preveiling visibility conditions with inherent visibility estimation based on physical laws could be demonstrated.

DVN 8th Conference Lidar / AD – 19-20 Nov. 2025, Wiesbaden 21



THANK YOU

FOR YOUR ATTENTION

For more information about the project AI-SEE contact

www.ai-see.eu

For more information about me contact

   Dr. Ritter Engineering
  mail@dr-ritter-engineering.de
      www.dr-ritter-engineering.de
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