AT | psLw

MINES PARIS

Deep-Learning for
Autonomous Driving

Pr. Fabien MOUTARDE
Director of the Center for Robotics
Mines Paris, PSL

Fabien.Moutarde@minesparis.psl.eu
http://people.minesparis.psl.eu/fabien.moutarde

Deep-Learning for Autonomous Driving, Pr. Fabien MOUTARDE, Center for Robotics, MinesParis, PSL, Oct.2022 1

A | psL# Outline

MINES PARIS

« Challenges of Autonomous Driving (AD)
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A | psLx What is challenging in
MINES PARS Autonomous Driving?

EASY on simple road with
good lane markings
and no other road users...

e ol

...but much more
Automated Driving exp_eriment_(on closgd_track) d i ffi C u I t O n O p en r Oa ds y
by the Center for Robotics of Mines_Paris in 2002 .

especially urban areas
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Jo Autonomous??
| psLk -
o | Or rather Automated Driving?

The 5 levels of automation for vehicles (SAE)
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AT | psLx An Automated Vehicle

MINES PARIS |s a moblle robot'
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% + What types of Artificial Intelligences
m}a/sjgs | PSL needed for Automated Vehicles (AV) ?

¢ "Semantic"” interpretation of the vehicle’s environment:

— Detect and categorize/recognize objects
(cars, pedestrians, bicycles, traffic signs, traffic lights, ...)

— Ego-localization
— Predict movements of other road users
— Infer intentions of other drivers and pedestrians (or
policeman!) from their movements/gestures/gazes
e Planning of trajectories (including speed)
In a dynamic and uncertain environment
e Coordinating/communicating/negociating with other
road users

e Cooperative planning of multiple AVs

* For partial automated driving (level 3-4):

— Analyze and understand attention and activities or
gestures of the "driver-supervisor"
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 Deep-Learning for PERCEPTION in AD
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Jo. 4 Intelligent Perception for
sreeoms | PSL? Automated Vehicles

Essential function: SEMANTIC scene understanding
Now mostly done using Deep-Learning

From camera
(Visual object detection
by Faster _RCNN)

Strong real-time constraint: process = 15 frames/second

From LIDAR
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pog + Convolutional Encoder-Decoder
MINES PARIS for SEMANTIC segmentation

Convolutional Encoder-Decoder

Output

Pooling Indices

I conv + Batch Normalisation + RelLU Segmentation
I Pooling I Upsampling Softmax

“SegNet: A Deep Convolutional Encoder-Decoder Architecture for InageSegmentation”,
Vijay Badrinarayanan, Alex Kendall, Roberto Cipolla [Cambridge (UK), 2015]
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f(f 'psL+ Deep-Learning for semantization
MINES =
of 3D points clouds
L =t

KPConv: Flexible and Deformable
Convolution for Point Clouds,
H. Thomas, C.R. Qi,

J.-E. Deschaud, B. Marcotegui,
F. Goulette, L.J. Guibas, IEEE
International Conference on
Computer Vision (ICCV), Oct 2019.
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A | psLx Visual ego-localization by
MINES PARIS ____Deep-Learning: PoseNet approach

R N

Convolutional
Neural Network : 6-DOE
(GooglLeNet) amera Pose

Input RGB
Image

King’s College Street Old Hospital Shop Facade St Mary’s Church

Figure 4: Map of dataset showing training frames (green), testing frames (blue) and their predicted camera pose (red). The testing
sequences are distinct trajectories from the training sequences and each scene covers a very large spatial extent.

Localization by deep-learning is ~2 times less precise than by
classic computer-vision, but is ~20 times faster at inference, and
much more robust to blur, occlusions and appearance change

[A. Kendall, M. Grimes & R. Cipolla, "PoseNet: A Convolutional Network for Real-Time
6-DOF Camera Relocalization" , ICCV’2015, pp. 2938-2946]
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Jor il 'psL#  Visual ego-localization based on
paviotoon ___pre-existing geo-referenced images

Outdoor ego-localization using Google-StreetView images
(BoW+RANSAC // Deep-Learning)

Query image matching

. Synthetized views from Google
StreetView panoramas

Query Image

i i e e D N L

Urban Localization with Street Views using a Convolutional Neural Network for End-to-End
Camera Pose Regression, Guillaume Bresson, Yu Li, Cyril Joly, Fabien Moutarde.
IEEE Intelligent Vehicles Symposium (1V ‘2019), June 2019.
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go4 + Visual ego-localization with DL
iaimas | POLX using data augmentation with NeRF

LENS : Localization enhanced by NeRF synthesis

CoRL 2021

LENS: Localization enhanced by NeRF synthesis, Arthur Moreau, Nathan Piasco, Dzmitry Tsishkou,
Bogdan Stanciulescu, Arnaud de La Fortelle, 5th Annual Conference on Robot Learning (CoRL’2021),
London (United Kingdom), Nov.2021
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* Deep-Learning for PREDICTION of road users
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Deep-Learning for prediction of

A | psLx |
pedestrian INTENTIONS

MINES PARIS

observation

event
N
1

~0.5s 1-2s TTE

Our approach: Skeletal Pedestrian Intention NETwork
d nlimt\nsi(m:/

T steps

Prediction

PhD thesis of
Joseph GESNOUIN

Fietuning
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Results of our Skeletal
Pedestrian Intention network
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Model Name Model Variants Model Params (Additional Costs) rie
& ame Mo armants by rams 11811 Osis) ACC -\l"(_: F1
Sitia VOGI6 193] T 071 D60 04T
: ResnetS0 [15] 23.6M 070 059 0.38
ATGC [34] AlexNet 58.3M 0.59 0.55 0.39
e NAYLS] LAt B e 0587 T 0557 T 0.3
ComlSTMI[40] ResNersO 0.001M (Respet) 0.54 046 0.26
SPI-Net [12] ONN MLP 0.1M (OpenPose) 0.66 054 0.30
o i LSTM L4M (2° VGG OpenPose) 0.83 077 0.67
SingleRNN: [15] GRU LOM (2*VGG.OpenPose) 081 0.75 0.64
MultiRNN [2] GRU LEM (2*VGG OpenPose) 0.83 080 071
StackedRNN [53] GRU 2.6M (2°VGGOpenPose) 0.82 0.78  0.67
HicrarchicalRNN [52]  GRU 3M (2° VGG, OpenPose) 082 077 0.67
SFRNN [35] GRU 2.6M (2°VGG.OpenPose) 082 079 0.69
T [49] RGE TSN 077 T 067 T 02T
GiiE RGB 12.3M 080 073 062
30161 Optical flow 12.3M (FlowNet2) 081 083 0.72
TwoStream [42] VGG16 134.3M (FlowNet2) 0.64 0.54 0.32
PCPA [19] Temp. +mod. attention 31.2M (C3D,OpenPose) 087 086 0.77 _
o R : [ Sl S 3
TroiuSE1-Net (urs) SE attention block L5M (OpenPose) 0.88 0.87 0.80

TrouSPI-Net: Spatio-temporal attention on parallel atrous convolutions and U-GRUs for skeletal
pedestrian crossing prediction, J. Gesnouin, S. Pechberti, B. Stanciulescu, and F. Moutarde, 16th IEEE
International Conference on Automatic Face and Gesture Recognition (FG’2021).
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4 | psLx Deep-Learning for prediction of
MINES PARSS VEHICLE trajectories

Graph encoding /' Laneheatmaps Global heat map

& Lane scoring

Context Trajectory sampling

0«0 0.05

Topk
lanes

Topk
ne

rasters

GOHOME: Graph-Oriented Heatmap Output for future Motion
Estimation, Thomas Gilles, Stefano Sabatini, Dzmitry Tsishkou,
Bogdan Stanciulescu, Fabien Moutarde, IEEE International
Conference on Robotics and Automation (ICRA’2022),
Philadelphie (USA), May 2022

A\ -
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 Deep-Learning for AD short-term PLANNING
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Principle of

“end-to-end” driving

MINES PARIS
Sensors Drivi heel
, . Traject riving whneel,
(c?:::r: S Perception — ;Ia;ﬁﬁiﬁ;y > Control ” Acceleration
LIDAR, etc...) or braking
Current architecture for automated driving
vs. HUMAN driving: turn/brake by just looking in front!
~ “intelligent” visual servoing
Sensors o ) Driving wheel,
(cameras, - | Imitation Learning or »  Acceleration
radar, = . . .
LIDAR, ec...) Reinforcement Learning or braking
Network =
computed Driving C(ol
steering )

command

Drive by wire
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pod

MINES
I’.’n‘i\T(jCh*

| PSL*

Imitation Learning for
end-to-end driving

"End to End Vehicle Lateral Control Using a Single

“Copying”’human driver

Recorded
steering
wheel angle _ ' Adjust for shift
and rotation

Desired steering command

Network
computed
steering

Fisheye )' Random shift | | SR | command

. and rotation

camera - -

Back propagation L Error
weight adjustment |

Driving Control

Cockpit view

Fisheye Camera"”, Marin Toromanoff, Emilie Wirbel,

Frédéric Wilhelm, Camilo Vejarano, Xavier Perrotton
et Fabien Moutarde, 2018 IEEE/RSJ International
Conference on Intelligent Robots and Systems (IROS
2018), Madrid, Spain, 1-5 oct. 2018.

=

Valeo demo @CES’2018
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A | psLx Short-term trajectory planning with

MINES PARI ___Deep Reinforcement Learning
Reinforcement Agent
Lea rn i n g state reward : action
= training by S | [ "
REWARD <] Environment |[=—

/Find a “policym

a;=n(s,)
that maximizes
Ry = ZFYkTka"/ €o.1]

& J

End-to-end
driving by Deep
Reinforcement

Learning
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A7 |psLx End-to-end driving learnt by RL
MINES PARIS In a racing-car simulator

Performance Test on training track Snow (SE)

Trained for 196 million steps

Network input and
guided backpropagation

e

Game graphics

Layer 1 Layer 2

Activations

End-to-End Race Driving with Deep Reinforcement Learning, Maximilian Jaritz, Raoul De Charette, Marin
Toromanoff, Etienne Perot, Fawzi Nashashibi, ICRA 2018 - IEEE International Conference on Robotics
and Automation, Brisbane, Australia, May 2018.
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Jo.4 .  Deep Reinforcement Learning
s | PSLi for Automated Driving

Image encoder

Qutput di 18
| ! Yl L ma LB
" speed {noisy) {noisy) stearlLZﬁLmttle
+1 full brake
Past | I
RGB %3 Custom
images Reshet-18 192 Multi-head branching {x6)
192 Fully
. . connected Learnt b
Pre-trained & frozen (notsy) . y .
£
H Deep Reinforcement Learning
A
*6 Input \

command (left, }
changelanaright,
follow lane. etc)

Town02: Single Lane, EU Work by
:{:::‘:; Valeo/MinesParis
industrial (CIFRE) PhD

Network input

1st prize at « CARLA
Autonomous Driving
challenge » in
2019&2020

https://leaderboard.carla.org/challenge
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il + Examples of Autonomous Driving
»{Qms | PSLX obtained with our DRL

"End-to-End Model-Free Reinforcement Learning for Urban Drivinqg using

Implicit Affordances"”, M. Toromanoff, E.Wirbel & F.Moutarde, CVPR’2020
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MINES PARIS

Major current Al challenges for Automated Driving:
* Quantified safety validation / HOMOLOGATION??

» Forecasting of road users’ movements/trajectories

* Inference of HUMAN INTENTIONS (pedestrians&drivers)

» Coordination/collaboration with other road users
» between AVs (cooperative planning, etc...)
* with Humans:
* Non-verbal communication (gestures, movement, gaze)
» Learning of implicit "social rules"

« Learning of adaptive&complex BEHAVIOR
Intelligent and Dynamic short-term planning of trajectories
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AT psiw Questions?
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