


CURRENT STATUS AUTOMATIC DRIVING

China (Pony Al) 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




UN REGULATION ALLOWS AUTOMATED DRIVING UP TO 130 KM/H

t . . . . .
January 1%, 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
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» 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!
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NEW UN REGULATION: ALKS MUST TAKE WEATHER INTO ACCOUNT /“

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
SINCE JANUARY 1ST 2023 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

Al

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.).
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THE CHALLENGE







ADVERSE WEATHER CHALLENGES

AW-Test in 2016: Installed sensors perfomance degrades strongly in bad weather, e.g. Fog with 50m-60m visibility range

* 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

AW-Test in 2024: Conventional sensors still degrade strongly in adverse weather conditions !
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LOST CARGO MEASUREMENT CAMPAIGN IN THE JARI WEATHER CHAMBER IN DEC 2024 /“

Al

SEE

Test scenario for lost cargo distributed over
200 m weather chamber length.

GARI

Japan Automobile Research Institute

Quiz: Where is the motorcyclist?
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LOST CARGO MEASUREMENT CAMPAIGN IN THE JARI WEATHER CHAMBER

[Motorcyclist

A

160m
100,25 SQS white from the back
110,00 S-Classe blue from the side 49,00 Palette
110,00 Bumper 50,50 Tire
120,00tire 60,00Bricks
160,00 motorcyclist 70,00 Light Blue Doll laying perpendicular to car
170,00 wooden bar 70,00 Mercedes C-Klasse T
Pedestrian Standing dark 80,00 Exhaust
180,00 blue 85,00 Plastic Box blue
190,25 car Mistubishi 87,50 Dark Blue Doll Standing looking in front to the car
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A BIT HARDER: LOST CARGO > 75 M DISTANCE WITH FOG 80M VISIBILITY

Al

SEE

Fog 80 m visibility range,
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MB & JARI - CONTROLLED FOG CHAMBER SETTINGS - LOST CARGO TEST SCENARIO

Fog Chamber Characteristics (JARI

» Rain: Two different sprinklers with particle size of 640um and
1400um, 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: 7.5um 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

Al
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Fig. 1: Sensor Measurements and Ground Truth Depth.




MB & JARI - QUANTITATIVE DEPTH ESTIMATION RESULTS FOR LOST CARGO EVALUATION

clear | rain | fog
METHOD RMSE MAE & 2 3 RMSE MAE & 52 53 RMSE MAE 4 82 a3
RGB 1681 550 9222 9584 9983 1685 585 9249 9602 99.89 27.14 1250 7827 8542 9160
Stereo-RGB 681 501 9843 9953 9982 1039 649 9129 9742 9868 2903 1602 71.86 8080 86.14
| LIDAR-RGB 6.84 275 9753 9930 9975 1486 586 8999 9518 9695 5562 3605 3202 3672 4133
Z | RCCB 1721 739 9166 9782 99.02 2858 1462 6594 9022 9526 1587 7.80 8837 9577 98.18
2 | Stereo-RCCB 741 462 9763 99.10 9959 820 562 8741 9691 9935 2729 1515 7172 8052 8696
LiDAR-RCCB 720 297 9682 9897 9976 1629 656 8748 9374 9637 5678 3747 2990 3463 3956
Stereo-Gated 595 242 9827 9952 9970 756 321 97.83 9935 9956 1130 541 9273 9828 99.43
Stereo-Galed-RCCB - 522 1.68 9884 9958 9975 681 253 9775 9936 9960 2807 1408 7516 8202 87.67
RGB 1707 6.3 9145 9590 99.90 4860 2743 4458 6028 7308 4653 2479 5599 6797 75.02
Stereo-RGB 700 514 9693 9958 9983 1027 743 8203 9425 9927 3491 1954 5982 7423 8204
« | LIDAR-RGB 674 270 9786 9942 9975 1698 681 87.67 9348 9564 5537 3581 3221 3722 4212
= | RCCB 24.16 1093 8288 9366 9751 39.19 2173 4994 7237 86.19 2360 1106 8050 9229 96.64
Z | Stereo-RCCB 764 474 9710 99.12 9969 187 471 9693 99.13 99.66 3346 1955 5845 6940 78.04
LiDAR-RCCB 6.84 283 9709 9909 9977 1725 686 8683 9329 9594 56.16 3680 3076 3565 40.64
Stereo-Gated 606 249 9836 9951 9970 799 382 9787 9938 9961 1056 490 9390 9844 99.47
Stereo-Galed-RCCB - 533 1.64 9878 9956 9973 646 215 98.16 9939 9963 2984 1412 7599 8279 8826
RGB/RCCB based methods: LiDAR based methods: Gated based methods:
»  Good performance in daytime »  Good performance in clear conditions »  Strong performance at day and night
>  Limited performance in nighttime »  Limited performance in adverse weather »  Good performance in adverse weather
due to reduced visibility due to clutter within the point clouds due to the gating principle, reducing
. , — backscatter significantly
» For more details see Paper “A Multi-Modal Benchmark for Long-Range Depth Evalutaion in Adverse Weather

Conditions, IROS 2025

Lost Cargo Detection Benchmark!
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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!

» For more information see Paper CVPR 2024 “Cross-spectral Gated-RGB Stereo Depth Estimation*
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VISIBILIY ESTIMATION

Can | still detect lost cargo in time at my current speed ... even under the current visibility conditions?

A physics-based solution proposal was developed in AI-SEE.

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)

» Extended Approach with Gated Cam see CVPR 2024 “Gated Fields: Learning Scene Reconstruction from Gated Videos”







Fog chamber scenario,
50m visibility

sSnow scenario

ADVANTAGES OF A GATED CAMERA (COMPARED TO A STANDARD CAMERA)

RGB-Standardcamera Gated Camera

il

The Gated Image is almost undisturbed by adverse weather due to gating effect!
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GATED DEPTH ESTIMATION — INHERENT DEPTH ESTIMATION FROM 3 GATED DEPTH SLICES

Neural Network

based
Approach

Depth Map Resolution 1280x720

Gated Images

Additionally to clear images, the gated camera can be also used to inherently generate high-resolution depth maps!
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QUALITATIVE RESULT IN SNOW — STATUS FROM 2021 /“

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




THANK YOU

FOR YOUR ATTENTION

For more information about the project Al-SEE contact

For more information about me contact
Dr. Ritter Engineering

www.dr-ritter-engineering.de
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