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A | ps % Some research results of the
oINS X center for Robotics

25 vehicles
Optimal
solution

Autonomous Vehicles, Intelligent ATran‘sport System
p Moblle a‘ndlor Collaboratlve Robotlcs & Virtual Reallty

Internatlonal coIIaboratlons with: Berkeley, EPFL, Shanghal JiaoTong,..
Industrial contracts with: Valeo, PSA, Safran, Thales SoftbankRobotlcs etc...
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 Introduction on Al for Intelligent Vehicles
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AT | psL¥ From Intelligent Vehicles
NS X to Autonomous Vehicles

The 5 « automation levels » for vehicles defined by SAE
NIVEAU NIVEAU NIVEAU NIVEAU NIVEAU NIVEAU
0 1 2 3 4 H]

conducteur seul  accompagné assisté guidé passif 100% autonome

Aucune aide Aides primaires: Aides infermédiaires: Aides avancées: Conduire autonome Conduite exclusivernent
AFU, régulateur de Alerte franchissement de  Dépassements complete & la demande  aufonome:
vitesse adapfafif... ligne, park assist ... dunamiques

jonal levels of automation
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/f | PSL* What are ADAS?

MINES
Par l\Tb(‘h

Acronym of Advanced Driving Assistance Systems
= Intelligent functions for safer and/or easier driving

Warning or Information Active ADAS
* Lane Departure Warning (LDW) (acting on the vehicle)
\&\*\\\\%\“‘““\\\

TavE \\\\\\\\\\\\\\\\\\\\\\ ° Adaptive Cruise Control (ACC)

* Lane Keeping (LK

* Forward CoII|S|on Warning (FCW)

* Speed LitAsistant
BN

2 « Automated Parkmg
. etc... - etc..
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fj Artificial Intelligence (Al)
e | PSLF for Autonomous Vehicles

Autonomous Vehicles are mobile robots !

: Reasonin
Perception ‘ 3 decisiogrli

ROBOTIC

Real-time

LOOP

"understanding”

of surroundings Reactive behavior

(obstacle avoidance)

Action

Ego-Localization

Trajectory planning

Predicting
movements/actions
of others
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» Visual ego-localization from pre-existing
geo-referenced panoramas:
classic approach vs. Deep-Learning inference

[work by former VeDeCom PhD student Li YU,
co-supervised with G. Bresson and C. Joly]
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25 psLx Visual ego-localization
R | motivations

 GPS not always available (indoor, tunnels,
underground parkings, "urban canyons”)

« GPS precision quite low (up to 10m error!
[except for differential GPS]

« GPS directly provides position but NOT the
orientation (only the local orientation of
TRAJECTORY can be estimated over time)

 Odometry is quite imprecise (cf. wheel slip!),
and subject to large rapid cumulative errors

* Inertial Measurement Unit (IMU) expansive if
precise, and subject to cumulative errors
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A | el Outdoor
MINES % visual ego-localization

Where am 1? t
(position+bearing)
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fj | PSL* Google StreetView data

Paris TLCh
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360° panoramas (RGB in UHD 13,312x6,656 pixels
+ coarse 360° depthMap
~ every 10-50 m in ~3000 city centers worldwide

@Ag;‘anz:e Navigo Phébus 87
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¥ |psLx Using StreetView panorama for
MINES J :

synthesizing rectified images

* Distorsion of 360° images
+ unknown query viewpoint

=» Generate synthetic rectifiedviews (with same focal

length as on-board camera) in several orientations
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A2 psLx Generating virtual views
A een ™ - BETWEEN StreetView panoramas

Possible thanks to availability
of (coarse) panoramic depth
map in StreetView
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¥ psLx  Visual place recognition
MINES =

using geo-localized images

With enough (~8-12) rectified synthetic images generated
for several viewpoints, coarse visual place recoqgnition
by standard Bag of VisualWords (BoVW) is possible

t=0 Construct 2 independent bags of words

No. 1 2
Detectors SIFT MSER
Descriptors 484202 91026 %

Parameterization

Size of bags 5000 2000
IF-ITF weighing
Combination of two bags SIFT - local point
Search by cosine similarity MSER - local region

=> Pre-compute 1 BoVW x ~10 views
for each geo-tagged panorama
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¥ |psLx  Visual metric localization
MINES =

from geo-localized images

OFFLINE ONLINE (onboard)
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%* pSL % Visual metric localization

from geo-tagged reference view

« Estimation of translation+rotation
from reference view to query image
by Bundle Adjustment of keypoint
descriptors matches (with outliers
filtered by RANSAC)

« Use geo-tag of reference view
+ estimated translation&rotation to
estimate current absolute position
and heading
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/;/7 . | PSL* Experiment: set-up

ParisTech

Techniques:
- MIPSee Cameras 57.6° Fov / 20 fps
- 640*480 resolution

- Real Time Kinematic(RTK) GPS as ground truth (<20cm)
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27 psLx Results of experiment with

MINES

"augmented"” StreetViews

Onginal Street View | Augmented Street View
Continuity 137/1046 281/1046
Average Error 3.82m 3.19m
Ratio in IUm, lm[ 21.89% 41.28%
Ratio in [1m, 2m 28.47% 27.40%
Ratio 1n }271:, .'im{ 44.53% 19.22%
~Ratio in [3m, dm]| 5.11% [ 12.10%

- 1046 query images

- 498m trajectory

- 28 existing panoramas

- 53 virtual panoramas synthesized

with augmented Street View:
More query images are localized

68.7% of estimated positions
with error <2m

A, = / 1 ‘Zater
e Ok @ NET'S GO,
S 7. ‘
1 O, 4

.., ROYAL HOTEL
™ VERSAILLES
212
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A | psLx Deep-Learning of pose regression

MINES 5

using only pre-existing images

. .| | —»| 2D position

Convolutional + yaW angle
Query Image Neural Network

Adapt PoseNet approach [Kendall et al. 2015]:

* Learn an only 3-DoF pose (x,y,q) [instead of 6DoF]

« Start transfer learning from ResNet50 model
[instead of InceptionV3] modified as follows:
— final classifier replaced by a dropout layer
— fully connected layer with 256 neurons added and

connected to final 3-dimension pose regressor

* Train using ONLY images generated from
PRE-EXISTING geo-referenced Google-StreetView
panoramas [instead of many images from prior 1st pass]
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Z  psLx Results of DL visual localization trained
Paricteon X ~on pre-existing geo-referenced images

96 : o p‘os’i‘io _
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DL ego-localization errors (~ 7m)
larger than with BoVW+geometry

BUT
Error comparable to GPS, and much
faster inference (~75ms) than using
BoVW+geometry (~3s !)

7@',/-0
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= + Conclusions on DL for Visual ego-
@ES * | PSL* = u ] =
localization of Intelligent Vehicles

- Vision-based ego-localization using BoW place
recognition + keypoints matching, even if using as
only references pre-existing geo-tagged panoramas
from Google-StView, can provide in city centers
positioning acuracy of ~3m, comparable to plain GPS

* Deep-Learning pose regression = very interesting
alternative to standard visual localization methods:
currently still ~ 2 times less precise (positioning
error~7m), BUT but much more real-time at inference
(75ms/image vs. 3s/image)

= Potential use as a fallback for mitigating
GPS outages (urban canyons, tunnels, etc...)
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 Wider outlook on Deep-Learning
for Intelligent Vehicles
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P Deep-Learning for Perception
x| PSLX by Intelligent Vehicles

Vlsual objects detectlon semantlc segmentatlon

From

| Real-tlme estlrhatlon of
Human poses [OpenPose, 2017] From LIDAR (3D points cloud)
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%/j , | PSLx  Image-based Deep-Learning

ParisTech

* Image classification
* Visual object detection and categorization
« Semantic segmentation of images

« Estimation of Human pose

* Inference of 3D (depth) from monocular vision
* Image-based eqo-localization

 Realistic image synthesis

 Learning image-based behaviors

« End-to-end driving from front camera
« Learning behavior by Imitation of Humans,
or with Reinforcement Learning
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A2 I psLx Inference of 3D (depth)
PMINES ok ) from monocular vision

Unsupervised monocular depth estimation with left-right consistency
C Godard, O Mac Aodha, GJ Brostow - CVPR’2017 [UCL]
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% . | PSL* PoseNet: camera-pose regression

with Deep-Learning

-

Convolutional

In?ntiggReGB Neural Network Ca n?e?aolr:ose
(GoogLeNet)
Geometry [1] (SIFT + Geometry) [2]
King’s College 0.88m, 1.04° 0.42m, 0.55°
Resolution 256 x 256 px 1920 x 1080 px
Inference Time 2 ms 78 ms

King’s College

[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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A psLx DL for realistic Image
oo™ synthesis

ParisTech

"Video-to-Video Synthesis'', NeurIPS’2018 [Nvidia+MIT]
Using Generative Adversarial Network (GAN)
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fj 'psLx Imitation Deep Learning for

MINES

Automated Driving by Visual servoing

“Copying”h dri
opying numan driver
Recorded
steering
wheel angle._ Adjust for shift Desired steering command
and rotation
Driving Control
Network
computed
steering v
Fisheye > | Random shift command E
y . and rotation ™ g =)
camera .
Back propagation ‘ Error

e
weight adjustment - -
Cockpit view

, 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!201 8
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}Z/ Deep Reinforcement Learning for
e, . | PSL
vision-based Autonomous Driving

T

state| [reward action
5 ‘ a,

' T
s Environment |==

TownO02: Single Lane, EU

Weather: Heavy rain

Reward shaping

Rerwaard

Traffic Light: Red

Distance to
lane center
o

—
//\
.11,___ — = = == =" = == = Agent death

Network input

Current Order: Left

Current Speed: 1.8 km/h

Work by my Valeo/MINES_ParisTech PhD student Marin Toromanoff
1st prize at « CARLA Autonomous Driving challenge » !!
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%‘/j/* PSLx  Brief summary on DL for IV

Parislech

 Deep-Learning (DL) is now able to provide
much more than just image analysis for visual
objects detection

 For Intelligent Vehicles, DL is now even
investigated beyond perception, for machine-
learning of reactive behavior or_ _even
trajectory planning
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