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Automated Driving is there..... Is it safe?
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Serge Lambermont - Expert in Safety Electronics and Automated Driving Robotics.

i
resembler.ai

2013 - 2018, Aptiv’s Technical Director Automated Driving (Silicon Valley) responsible for
Global automated urban driving technologies and activities. Including the urban self-driving
vehicle development platforms for the Singapore Automated Mobility on Demand (AMoD)
Pilot and urban driving activities in the US and Europe.

2015 Leader of the 3500 miles Coast to Coast Automated drive (San Francisco - New York)
2015-2018 Aptiv’'s CES urban driving demos.

Pieter Jonker - Expert in Automated Driving and Robotics, RT Image processing and Al.
Professor Emeritus of the Delft University of Technology / Cognitive Robotics Department,
and Eindhoven University of Technology / Vision based Control.

With his startup Jonker-Makis Robotics he has built multiple robotic solutions for
commercial applications in the automotive, medical and indoor robotic fields.

Pieter realized the WE-pods; autonomous 6 persons Pods (WUR Campus) as well as the
Mission; a 12 persons Autonomously Driving shuttle bus (Aldenhove testtrack).
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Resembler’s Vision on Future Mobility
.

We aim to create a world where advanced Al systems work seamlessly with

road infrastructure and human drivers to improve overall road safety, prevent
accidents and learn from near misses

Resembler uses Al for enhancing safety in future mobility, that is: de-risking
ADAS and self driving technology with camera based monitored deployment
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How to assess an Automated Vehicle?
.

Many accidents are prevented by vigilant drivers who anticipate hazards

Can an Automated / Autonomous Vehicle (AV) do that the same or better?
Resembler generates Replacement Tests from real accidents
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How Resembler works
.

o Ingestion
p i [ ’ % Incidents from roadside
: P P y . and dash cam footage
~ N . ~, ,//"/ // d
\‘~.~.\\ .\\k i y / /{,/‘
\ RO g [
o A ’ .
A\ 0 V N Anonymizer
- N\ GDPR compliant
> = o - ‘z" : -
o i o L )= = Learning
. - B - WY = = -
el e o 55.&_‘ . U B N il Deep learning
e -_  5 o ‘-.“.\* - - v contextual Al

Resemble
Find similarities in
attributes surrounding
the incidents

ansemn[er a © Resembler pte Itd | Confidential | 6




Resembler collaborates with CETRAN (Singapore)
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500 Million km Edge Cases (9 billion km correlation)
.
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9 billion km with correlation

More than 60k accident records in database

500 million km (today)

Resembler.ai

Learned context and
dynamic situations,
resembled across
entire 60,000 accidents

Accident scenarios®
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*Updated daily
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Resembler's Incremental Deployment of AD

|
Automated Driving Is a
Sy comp!ex talusk with:
Dr technical, infrastructure,
river
Safety Case: I ethical, regulatory and
Area (ODD) Test P societal challenges
es an

AD Vehicle Deployment

Grow

ODD
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Challenges of Incremental Deployment
.

Infrastructure
Challenge

Areas of deployment (ODD)
each have unique
complexities and the AD
system must be tested in

the area of deployment

rlresernl:ller.ai

Ethical
Challenge

Traffic rule compliance is
not sufficient - 90% of
accidents result from

human error

Regulatory
Challenge

Data sharing and privacy
makes it difficult for
companies to get the

information they need to

verify the area
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Resembler: Data ingestion and database building
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Resembler: Make abstractions from real accidents

Use Key Performance Indicators (KPIs) to compare A Driving with human driving
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Example 1; Archetypical case with bicycles

{"_id":"6628d14873fa23002135cf04"}
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Example 1; Imminent Danger and Risk progression

Imminent Danger KPI

@ risk progression == == AV target performance

© Resembler
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t1,20

multiple cyclists,

cyclist on incorrect lane,
stopped vehicle slow lane

1,80
cyclist leaning left
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Example 2; Imminent Danger and Risk progression
I

Imminent Danger KPI

@ risk progression == == AV AEB performance
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t1,20

truck driving too fast around a bend,
cargo starting to tilt

t1,80
Truck falling over
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Example 3; Imminent Danger and Risk progression

Imminent Danger KPI

@ danger == == Recall target"™*

l fresemblerai

t1,20
Pedestrian going into occlusion

11,80
Stroller in the road, pedestrian
appearing out of occlusion

© Resembler pte Itd | Confidential | 16




Example 4: An Edge case

{"_id":"5c0fce879258a4002d04883"}
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Example 4; Imminent Danger and Risk progression

Imminent Danger KPI

= == AV target performance

11,20

Slow moving motorcycle, sudden
lane change, illegal lane change,
moving erratically

11,80

No driver on the motorcycle,
Motorcycle moves slowly,
Motorcycle moves erratically

l fresemblerai
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Resembler Products (5x)

Safety Case:

Safety

Driver

Verification Monitored

Area (ODD)
AD Vehicle /

Map accidents to ODDS (1), Create
verification test plan(s) and KPIs from an
equivalent of 500M km data coverage
(2), Generate opendrive/simulator inputs
for the replacement tests(3)

rl resembler.ai

Test Plan

Deployment
Grow \

ODD
Digital Twin: Monitor and compare dash-

cam triggers with pre-existing human
incidents, accidents and handovers (5)

Compare ODDs (4)
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la - Resemble (re)map accidents / incidents to ODDs

o | Remapping
‘ pyi 52608 km Singapore

P accidents to
possible
accidents at
the ODD
Rotterdam-The
Hague airport
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1b — Select test cases based on occurrence an severity
.
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2 — Generate an ODD Verification & AD Test Report

sing LLMs

resembler.ai
Mo =

642abaaalc82120021564304 Incident date:  2023-04-03T11:38:18.297Z
653
{"_id""842abaaa7c82120021564304°) Sin Ming Avenue

event detais

)

Occurrence

Severity

Severity vs
Occurrence

Occurrence
26,681,250 km between events of accident type 653
1.12% of accidents in database ae of accident type 653

Severity
3

500 injury, S1 = Injury, 52 = Severo Injury, $3 = fatal

Crash
Energy (4)
Impact Force (kN)

Occurrenc (y-axis) versus Severity (x-axis)

Occurrance  Severity
112%

yaxis xaxis

Porcont contribution to 0= no injury

total population of sccidents  $1 = injury

(low % = edge case) 2= sovor injury
$3= fatal

rocorded incidont provides minimum occurrence with seventy|

KPI

target o
‘equal human
performance.

* human performance

Imminent Danger Level Danger Contribution (micro-0DD, behavior)

® arger

. Cassificatio

4000%
2000% [

and

300

000%

Danger Contribution

n20

Porception  55%

accident 9 Classification  30%
must steer Intenson prodici 45%
st brake E Planning 70%
Contral 50%

** recall based on nccidentology one edge case (distrisution human perlormance not known)
"+ Bccumuldtion NGCates the SOMANCS That contribute 1o the perceived hUMan danger lavel based on accidentology eXpenence

Qualitative
Assessment

Qualitative Assessment
On a sunny and clear day in an Lrban area, B iNcident neafly FesuRed in an accident. The INCident GCCUTEd of & Wo-ane 030 With 3
madian dividing structure 1o separate opposing lanes, ensuring colision prevention. The road is dry, praviding good braking distance.
The pedestrian footpath is separated from the read.

In this scenario, a pedestrian, classified as a vuinerable road user (VRU), was pushing o stroller. The victim involved in the
noar-accident was a passenger vehicle. The situation is highly unusual abio. edge rarity

The key contriduting factor 1o tha incident was occhusion. Th pedestrian walked into the road from behind a vehicle, CDSIFUCING the
view of the approaching passenger vehicle. This obstructad view left the drivor with limited time to react, aimost leading 1o a collision

Given the complexity of this traffic stuation, it underscores the importance of increased vigiance and safoty measures for both drivers
and pedestrians, Awareness and caution are crucial to avoid such rare and potentially hazardous incidents on the road.

qualitative assessment of incidont | accidontology|

Example: Verification Test Plan

rl resembler ai

G

AD
Verification

AD Assessment
*Comgrehansiva Verification Pian for the Automated Vehicle Accidont:*

718 tjactveof o Tast~
he obrective of the veriication plan i 10 evaluate the perfarmance and safety of the automated vehicle's percepion and planning
sy-mrn; = complex and eyl el sconari. The st e o assess e vaice's by o dotect e respond o potentel fake
(VRUs) and obst The focus is on understanding how the vehicle's
poromo d exiig sTotems hardle wockulon ARTONS 1 FrevIT CKIOD

71E) rcaton o e Percaphon Sysen-
n Test™ Evakuate the perception system's W t suchas behind

o e uslnnu faron occuion level n conroos soenarcs

2, *"VRU Recogrition Test™ Assess h systom's accuracy in recognizing VRUS, espacially whon thay are pushing strollers.or othar

s
** Vorily tha system's abily 1o track and predict the mevement of oceluded objects 1o dotermine potential

Edge Case Testing ™ Tast the porcaption system's pcdﬂm‘n'\((l in challongng and rare suitions ke occhusion behind othor
veicies. considering various fighting and ma{hqr ‘condition

8" * Valdate the 5 o similar occlusion incidents using real-world data and simulations,
compasing e cumos with tha Betsl incoere

**(C) Vrification for tha Planning Systern:**
1. **Emergency Braking Tost.** Evaluate the planning system's decision-making capabiies to trigger emergency braking when a
potential colision with a VRU s datected.

2, OBstacis Avoidance Test ™" ASSeES 16 venicie's maneuvening abives o avoKd coliding with aceluded obiects of aynamically
ppoaring obstacies in he road

3. ""Hazard Perception Tost" Tost 1o suddon and u of VRUS, such as a pedestrian
suddonly entering the road from behind a vehicie.

4. *“interaction with Median Structure:** Verfy that the velicle can navigate safely around the median structure without compromising
the safoty of occupants and other 100d users.
5. ““Docision Consistency Tost.** Evaluato the pianning systom in handiing similar incidonts. ensuring
o sate and reliabio rosponse.

**Additional Test for Iniial Risk al 11,20,
Conduct a detalled review and analysis of the vehicle's sensar data, inchuding perception and planning logs, 1o understand the system's
bonavior at 11.20. Simuiate 10 5am conditions and Sconaro 1o valdiate ho vehicie's re8ponse and isentiy any poton

pecification of:
erception Tests
ction Test
ehaviour Tests
l.e. Replacement
Tests
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3 — Generate (Opendrive) Simulator input

carla input resembler.mp4 carla output.mp4

human performance AD system under test *

*_development in collaboration with CETRAN
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4 - Compare ODDs to reduce testing or enlarge the ODD

Compares areas of deployment

Creates incremental verification
test plans

Q8 Area (km2)

== ’_ ] Works globally, e.g. compares
m——— | deployment in Singapore with

#Accidents (Police Database)

BONREPE 1 ccident Density (Video Database) ([km2) i : 1 d e p | Oym e nt i n U S O r E U

Accident Density (Police Database) (/km2)

Must Examine Differences
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5 — Realise Monitored Deployment
.

% Video Tag ID: 5d9b4606ef9b980030a2ecef
o Incident Date: 2019-10-07 13:34:00
i (—) wvoe: [ M [&F
S

Trigger animation+model, Resembler toolset:
Footage + GPS contextual data database, area pareto,
ODD compliance, similar

accidents, test plans

Verified: v

Accident Description
anonymized GDPR compliant

Incident view Control Center View Auto-Report
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Thank You
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