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RMEN: Research
Leaders: s. Briot (CNRS Researcher), P. Martinet (Pr)

V. Begoc (A.P.), S. Briot (Researcher), A. Chriette (A.P.), G. Garcia (A.P.), O. Kermorgant (A.P.), P. Martinet (Pr)
S. Dominguez (RE), X. Koreki (RE), 9 Phds, 9 masters

* Robot Design and Environments
e Conceptual Design
e Robust Design
o Control-based Design
e Design using new materials
e Reduction of energy consumption

* Robot Interactions with the environment
e Multi-Sensor Based Control
e Control of reconfigurable Systems
e Autonomous Robots

* Robot Perception of the environment
e Multi robots and multisensor perception
e Optimal Perception
e Observers and identification




d z(dO, dla d2a d?n d47 d5)T

Lateral control 1n cartesian space: Lateral control in sensor space:
T (g 6) to (0,0) Bringing d to d*
Explicite declaration of A and No explicite declaration of A and
required cartesian localization 10t required cartesian localization
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ensor based control: Basic concepts [SAMSONS0,ESPIAU92]

Av
Case of embedded camera o’.‘ }.
N e
o W
<
x : 3D pose
Fa >
8 — S{XF t] ) . _ a
| Interaction matrix If (fixed object) 57 = 0
. ds dx Js . Ig
s:,——+—:> s=L.v+ &£ D
ox dt Ot ! s ot |
s =L.v
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Book, Book Chapter

Robot Control: Task function approach [C. Samson, M. Le Borgne, B. Espiau, Clarendon Press, 1991]

Visual servoing [K. Hashimoto 1993]

Robotics Handbook : Chapter 24 Visual Servoing and Visual Tracking [Chaumette, Hutchinson 2008]

Robotics: Modelling, Planning and Control chapter 10 Visual servoing [Siciliano, B., Sciavicco, L., Villani, L., Oriolo, G. 2009]
Visual Servoing via Advanced Numerical Methods [G. Chesi, K. Hashimoto 2010]

Robotics, Vision and Control : Fundamental Algorithms in MATLAB [Corke, Peter, 2011]

Tutorials, workshop

Tutorial on visual servoing, S. Hutchinson, G. Hager, P.l. Corke, 1996, Tutorial at ICRA, Minneapolis, Minnessota, USA

IROS 2004 Tutorial on Advanced Visual Servoing , P. Martinet, E. Cervera, F. Chaumette, E. Malis, K. Hashimoto, 2004, Tutorial at IROS,
Sendai, Japan

IROS 2002 Workshop on Visual Servoing , P. Martinet, E. Cervera, N. Andreff, F. Chaumette, 2002, Workshop at IROS, Lausanne, Switzerland
Visual servo control : Part | Classical Approaches, S. Hutchinson, F. Chaumette, 2006, RAS Magazine

Visual servo control : Part Il Classical Approaches, F. Chaumette, S. Hutchinson, 2007, RAS Magazine

Fundamental article (Citations : 1681 (october 2016))
A new approach to visual servoing in robotics. B. Espiau, F. Chaumette, P. Rives. IEEE Trans. on Robotics and Automation, 8(3):313-326, 1992

Toolboxes

Visual Servoing Toolbox, E. Cervera and P. Martinet, 2003, Matlab Toolbox, Spain and France
VISP, E. Marchand, 2008, France

Robotics Toolbox, P.l. Corke, 2011, Matlab Toolbox, Australia

Machine Vision Toolbox, P.I. Corke, 2011, Matlab Toolbox, Australia

Many authors in robotics, Few authors in ITS
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ensor/Vision based control: Basic approaches

Image Based Visual Servoing IBVS
« 2D Features are extracted from images (Points, lines, shape, moments, ...)
* Photometric based features (Histogram, Entropy, ...)
e Information based (Mutual information, ...)

Position Based Visual servoing PBVS
« 3D features are estimated from 2D features (Pose, Point, Line, plane, shape...)
« 3D features are estimated from pixels (Pose, Point, Line, plane, shape...)
o 3D feaures are directly given by the sensor system

Hybrid Based Visual Servoing HBVS
e Combination of 3D features with 2D features (2.5D, Stereo, ...)
e  Multi-sensors

Basically, a teaching by showing is often used in order to limit the impact of modeling errors

m - Philippe e PPNIV'16
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Navigation scheme

Execution level
FDIR

monitoring

A

Planning
Mission, route

g Reference Modified referencg
SChedlﬂlng trajecto trajectory
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Navigation scheme

End user level Execution level

FDIR
monitoring

o

A

Mission, route

Scheduling

Reference
trajecto

Planning
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Navigation

———————————————————————————

Exteroceptive
Sensors

Proprioceptive
Sensors

[tinerary
Selection
& Execution

Online step
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Exteroceptive

Sensors *

Proprioceptive
Sensors

[tinerary
Selection
& Execution

Learning step

- Philippe £l PPNIV'16
Wit ‘ C 7V Martinet 12 Rio de Janeiro Sensor Based Navigation

Centrale ~—— November 1st, 2016

Nantes



Navigation

Exteroceptive

Sensors

Proprioceptive
Sensors

[tinerary
Selection
& Execution

Online step
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. —Pifferent kind of cameras

Camera with
fisheye lenses
Pinhole Catadioptric
Camera systems
-
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—Aunified model for camera Single view point system : [Geyer00]
F Classification
—_ H _— mmw
=

- e~

F’
Planar Parabolic
F F
Elliptical Hyperbolic
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“Aunified model for camera Single view point systém : [Geyer00]
Classification
@ and & : Mirror parameters
— F , ——
I Mirror type £ P
Parabolic 1 1+2p
Hyperbolic d d+2p
F . .
Planar Parabolic \/ d?+4p? \/ d?+4p?
Elliptical d d—2p
VA2 +4p? | \/d2+A4p?
Planar 0 1
Conventiona 0 1
!
F F
Elliptical Hyperbolic

m Philippe T e
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Aunified model for camera Single view point system : case of point

@ and & : Mirror parameters
p—& 0

0
/Image plane - B
. map (X.Y.Z) M = 0 o & 0
0 0 1

f fs wo
K = 0 f?“ [y
0 0 1

X
elz+£\/Xy?+Y2+Z2

€1Z+EVX2+Y 2+ 272
1

f(m3D) =

Special cases :
e =1land £ =0 — perspective prOjeCtiOH Generic Pl‘OiCCtiOll function

€1 =0and £ =1 =» gpherical projection m, = K M f(mg3p)
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Case of fisheye camera Fisheye camera model : definition

Y r = distance between X and the image point * F,, : camera frame
# 6 = angle between the incoming ray and the principal axis  F; : image frame
Pinhole camera X =(XY2Z)" Fisheye camera

Xp = (Tp  Yp % X = (T yf)T

radial distortions

Constraint 1 the ray arriving along the distortion axis
is not deformed: r;(0) = 0.

Constraint 2 the radius ry(k) is monotonically increas-
ing for k > 0.
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ase of fisheye camera Fisheye camera model

Pinhole based models Mapping : Tp

[T. Pajdla97,Hartley00,Zhang98,Ma2006...]
[Fitzgibbon01] [Li05] [Basu95] [Devernay0l] [HartleyO7]

Captured rays based models Mapping : 9 — T f
1>

[Kingslake89] [Fleck94,Stevenson95] [Ray94] [Smith92]
[xiong97,kannala04,schwalbe05,Scaramuzza06] [KumlerOO] [Bakstein02]

m - v Philippe e PPNIV'16
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Generic camera model : Unified Spherical Model

For fisheye camera
[Courbon07]

If
rp=71s(rp) = fp'P is a Ti-mapping linking the perspective Radius
fje \/ %4.1 rp and the fisheye radius r¢

Constraint 1 : easily verified (r¢(0) = 0)
Constraint 2 : r¢(k) is monotonically increasing for & > 0

ff s i (9) _ frtan® 1s a T>-mapping linking the radius ry
i 1+€vtan®0+1  and the incidence angle 6

II The generic camera model is candidate
for fisheye camera modeling

m o2 Cax 2., Philippe aose e PPNIV’16
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ase of fisheye camera

an Enhanced Unified Model

Unified Model
X
(xm /Z % &p\
in= Ym | = ¥
zZ+&p
)

p=vx2+y?+22
¢ is a projection parameter

[MEIO7, Courbon07-12]

Philippe
Martinet

utes

m Vg G % @

Enhanced Unified Model
(— )
ap+ (1 —a)z

- ¥
‘ m= ap+ (1 —a)z
)

p= B2 +y?)+ 22

fu 0 u
K — u 0
0 fv VO

p=Km [Khomutenko RA-116]

QIEEE (TSC PPNIV’'16
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ase of fisheye camera
an Enhanced Unified Model

Projection surface

If every projected point can be written as:

y
X 4
m= 1
(?I(X ) n(X) )
n: R3 = R. is homogeneous of
degree 1

The projection surface P is defined by:

n(X) =1

Eﬁ /RCV/V @

Philippe
Martinet 23

[Khomutenko RA-L16]

All the points like Xp =

the projection surface:

B X\ _ aX)
(Xp) =7 (n(X)) =)

For the Enhanced Unified Model:

X
belong to
7T

n=(1—a)z+ ay/53(x%+y2)+ 22
1= (1= )z +ay/502 + y2)

Let us define the inversion g of the

projection f so that: flg(m)) = m
X X
The following mapping would transform  g: |y |~ |
minto Xp: 1 2(x,y)
The i o = 1 — a?8r?
e Inverse mapping Is:
ay/1—(a—7)Bré¢ ++
2 = XE Y

$IEEE ITSC PPNIV’16

Rio de Janeiro Sensor Based Navigation
> November 1st, 2016



Content

e Introduction

* Generic models for cameras

* Visual geometry for localization
* Topological navigation system

* [llustrations

* Conclusion

m 7od Co Philippe £ PPNIV’'16
L C’ 7v Martinet 24 Rio de Janeiro Sensor Based Navigation
eeeeeeee > November 1st, 2016

NNNNNN



Partial euclidian reconstruction Unified model - Case of points
s=sign(Z)

Introducing n=sig =1+ X%/22+7%/22 > ()
X/Z "
T =i (1+&n) z=% , . .
o 0 P - (22 +4?)(1+€n)° — 1=
Y= Tién (1+&n)y=3
e 332 2
— e +€( 1Y ) n computed without ambiguity

n - 1_62($2+y2)
e 7, = /T (1 - @)@ + 77)

— -1 m wn M= el
mp, = (n " +§{m wu rr-I\_ zy 1+€?7]
My
nome T Gt Sensor Based Navigation

Rio de Janeiro
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Partial euclidian reconstruction Unified model - Case of points

[X Y Z]T m coordinates in Fp,
[X* Y* Z*]T m coordinates in F}, .

Reference plane 7 in F,,
7;-*T — [n*T . d*]

m - Philippe £ PPNIV'16
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my,=O"'+{m=_[ X Y z ] m=[zy l+1£n]T
mp = (o = [ X0 v 22T =ty T

Homogeneous coordinates:

m=[XY Z H]T and m* = [X* Y* Z* H*]T

pn'+&m=[I3 0 m=[R t|m’

The distance from the world point m to the plane ()

dm,7) =7*T . m* = [n*T —d*][X*Y* Z* H*|]T = p*(n*" 1 + é)n*Tm*
d*H*

e Philippe Fae PPNIV’16
m ={cswv @ Martinet 27
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Partial euclidian reconstruction Unified model - Case of points

* *—1
‘ H* — P (Tld* +£) n*T“ﬁ* . d(’;:”)

p*(n*—l +§)ﬁ* = [ X* Y* Z* ]T )

=T
% * o k—1 S * A;: Is 2'}
m =p (?7 +§)A,ﬁm -|—b1T where -
b; = |01x3 d(’:.’w)]

P +EmM=[R t|m"

> oot +Om = p*(n* L 4+ Hm* + at

d(m,m)

%1 I
and a = s

with H, = R + din
Euclidian Homography

4 IEEE ITSC PPNIV’16

Philippe R0z016
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Partial euclidian reconstruction Unified model - Case of points

m e T

m = (3, . H,m" where G, o« =

Linear form ‘/

mxHm*=0 wmssp H, =sdp R andts =

) *—l_l_ * L' =%
o — pL* =(1+n TRTtd*) ((T,’n—l-|-£)§z)"ri?’7‘"l:lr';?ﬁ

m 7od Co Philippe £ PPNIV’'16
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Partial euclidian reconstruction Unified model - Case of lines
Similar results are obtained from lines (using polar lines)

Image plane
>/ Pliicker coordinates

& L = (u,h,h)T

u : unitary vector along the line L
A h : unitary vector orthogonal
to the interpretation plane
h : distance between the origin of

=

L the frame and the line
Unitary sphere A A A A
A A2 2 0B 250120
As A; As

m o2 Cax 2., Philippe £ PPNIV’'16
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Partial euclidian reconstruction Unified model - Case of lines
Similar results are obtained from lines using polar lines)

Polar lines
o a 2D conic curve

A a point in the definition
plane of o

l; : the corresponding polar line

; x PA

Polar line 1

m 7od Co Philippe £ PPNIV’'16
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Partial euclidian reconstruction Unified model - Case of lines
Similar results are obtained from lines (using polar lines)
Polar lines

hehy (1—€%)  hl—& (1 —h3)

h2—€2(1=h})  hzhy (1—€%)  hgh,
= hyh.
hzh. hyh. h?

' K-“0OK"x; =0

Y

2;

The polar line of the optical center with respect to the conic £2; is given by:
‘incipal point
Iy oc 2,0y princies
! 1 O; = [uo vo 1]T =K][00 1]7

m - Philippe e TS0 it
Lo P/ ?@N e 32 I 1 i Rio de Janeiro Sensor Based Navigation
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Partial euclidian reconstruction Unified model - Case of lines
Similar results are obtained from lines (using polar lines)

Corollary: | b

The polar line 1. computed from the
physical conic curve projection of L in the
omnidirectional image is the perspective
projection of L into the virtual camera
image plane.

Unitarv sphere

m o2 Cax 2., Philippe £ PPNIV’'16
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Partial euclidian reconstruction Unified model - Case of lines
Similar results are obtained from lines (usin polar lines)

m » Philippe 34 el PPNIV’16
Genpuls IR@N Martinet Wlié # Rio de Janeiro

November 1st, 2016

‘u, h, h] L coordinates in Fp,

[u*.h". h*] L coordinates in F,

Reference plane 7 in F,,

1r*T - [n*T . d*]
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Partial euclidian reconstruction Unified model - Case of lines
Similar results are obtained from lines (using polar lines)

X1 and A5 are two points in the 3D space lying on the line L
hxH-Th* i, x KTh s ; x K TH Th'

;* x K 7h' wesssp i x K THTKTY
— ® <G
. G = KHK™!
Linear form

L xG-TI* =0 with 4 couples (;, 1)
l l mmmm)p H =P R andt; ==

d+
H=R+ %n*"

_ R s T Ty I K"
=15 = (1+t; R'n )||Rn*><KTli||
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obal system

Images from
teaching by
showing
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target image

Command
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~“PDifferent modules Learning step (first arc, first two nodes)

Key images selection Building the sensory memory

m ~ Philippe £l PPNIV'16
Wit ‘ C 7V Martinet 39 Rio de Janeiro Sensor Based Navigation

Centrale ~—— November 1st, 2016

Nantes



-

Learning step (expanding the processus...)
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Images from
teaching by
showing
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'\
. “PDifferents modules  Initial localizatio - 5

How to find the closest image in the database ?

Initial
Image

Initial
Localization
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.~ Pifferents modules Initial localizatio

How to find the closest image in the database ?
~ Images from memory !
Ty, Tayor Ty

|

d Glo_b‘:ll Distances
escriptors :
P dy. dy, ..., dny Selected images
L Ll
Global telles que
descriptor s
Current Image | sy #1 sy =1
i 7 ! '
Global Global
descriptors ‘ descriptors
Distances

do,. do. ... doy

Localization results 7
Si sy # 1, I,y = argmind,,
bl SN — 1 I.‘;[}l — I.‘sl

- Philippe £l PPNIV'16
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. —Pifferents modules

How to find the closest image in the database ?

Use of a regular mesh [PERSSONO04]
Cubic interpolation of the image surface

Global descriptor : vector of the interpolated grey level
pixels at the position of the control point

Control point distribution (one example)

@ /RCV/V @

Philippe
Martinet

Initial localization

4 IEEE ITSC
RIO 2016

~——

%
NAVAVAVA VA’ ‘
’AVAVAVA VA V VA
AVAVAVA A\'AVAVA!
AVAVAVAV. P~
o j%!’bwmg -

PPNIV’'16
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'\
. “PDifferents modules  Initial localizatio - 5

How to find the closest image in the database ?

Local descriptor : interest points detected by
Harris Stephen detector

Use of patches 11x11

Matching done by using the centered cross correlation score ZNCC

Use of the number of matched point to compute the similarity between 2 images

m 72 Co Philippe b4 PPNIV'16
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i

'\
~Pifferents modules Initial localizatio = |

How to find the closest image in the database ?

Evaluation of the approach [ICRA08] using three image databases regarding 3 main criteria:
Used memory size, percentage of success, computation time for localization

Caméra Taille Nb Images
image images

Catadioptrique 1024 x 768 978

Fisheye 110 deg 384 x 288 188

Fisheye 190 deg 640 < 480 445

Several approaches were compared : GONZ [GONZALESoz], PHLAC [LINAKERo4],
CUB, SUREF, SIFT, HARRIS, CUBHAR

Philippe b4l PPNIV'16

: 46 Rio de Janeiro Sensor Based Navigation
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How to find the optimal path ?

| A Philippe
cm 7~ @N @ Martinet 48

Nantes

Initial
Image

Initial
Localization
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How to find the optimal path ?

Initial
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Initial
Localization
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~ PDifferents modules  Planifying the visual e

Carte topologique, miv. 0

How to find the optimal path ?

passsssansnabans

rielle

e Senso

r

Mémo1i
e
'“"""““??olOQIQuG

Initial
Image ' Objective
r » \‘ H
- o oriel
Initial

Localization
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~Differents modules  One line localization

(R, 1)

Epipolar constraint can be expressed _ [Nisteros]
| From five couples of point:
X  R(t X X)) = X' R[t], Xp™ =0 E can be estimated
For pinhole model X TEX ™ =0 Outliers are rejected by

using RANSAC

m 7od Co Philippe £ PPNIV’'16
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State model of the mobile robot

(5,9,0)

w = (Oi.Xi.Yi.Zi)

* Fiz1 = (0jr1.Xj11. Yir1.Ziji1) the frames attached to the robot when
Z;
P V cos 0
Ry Chained
Kinematic model of the mobile robot { y = vsine \:> System
Ve(s) cos @
L O theory
* U=, [IAV04]
- ili QIEEEITSC PPNIV'16
C@ 7~ ‘ C 7V @ &r::!(?ﬁ:t 52 Rio de Janeiro Sensor Based Navigation
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. PDifferents modules  State estimation and control (one example)

Path following approach

Z. Lit
/&-U\
fc fH-l
o P Y, Oty
y f - - ——-‘—--Yi+l

Goal: y — 0, 8 — 0 before F, reaches F; 4
Asymptotically stable guidance control law based on the chain
system approach:

5(1,0) = arctan (—/ [cos’ 0 (— K, tan® — K,,y)])

m - v Philippe e PPNIV'16
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Images from
teaching by

A 4

Localization

A

On line step

showing
f L )
Mapping
Carte topolog{;;ije_
niveauQ;/ _/
/ v O
1 / :‘ :__: g :;, _:
Carte topologique 3--= o
{...niveau 1 =
' :
Carte sensorielle
Off line step |
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Sensorial
path

Intermediary
target image

Command
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Case of vision

Topological map level o (CTo)
v'High level representation : corridor,

routes, ..

MS

Topological map level 1 (CT1)
v’ Image network representation
v'Navigability
v'Commandability
v'Plannification

sensorielle

Mémoire

Sensory map (CS)
v'Initial localization
v'Sensor based control
v'Vizualization of the environment
v'Human interface

m - Philippe £l PPNIV’16
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SOVIN

| femorre visuslie{Memoire 3 long terme)

[ S S —— |

@- V7 4

Philippe
@N @ Martinet

Données

Etat, commande, Image désirée, localsation...

—— ——————— - - - - - ———— ]

Application ge navigation autonome

4 IEEE ITSC PPNIV’16

Rio de Janeiro

> November 1st, 2016
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SOVIN

Z

Memoire visuelle{Memoire a long terme)

Fichler ge connexion

(SRR R g ——
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Fplications
C
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Etat, commande, Image désirée, localsation. ..

ourbon 2008]
/
SOVIN (T i
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(R EER el -
T | !
[ ; 6\ :
! - 1 ' i
1 1 |
] ! 1 ] 1
I
4 y | 7 - :
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' 1 v ] |}
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]
] l 1 L
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1 |
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1
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1
1
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1
]
|
1
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Application de navigation autonome
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]
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| |
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i I .
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4 e Do | : |
] ]
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S .-..-------% |
.. !
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; processing library i
1
' |
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P.T'L'\\

e k

An efficient Human Machine Interface for managing applications
[lc):ourbon 2008]

BDD Navigation - LASMEA - Base: bddcy

Voir Outils  Outils Jonathan

m - Philippe 4l PPNIV'16
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Content

* Introduction

* Generic models for cameras

* Visual geometry for localization
* Topological navigation system
* lllustrations

* Conclusion
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Pidoor apphcatlons WACIF project (2002 2005)

Autonomous Robot for Telepresence navigation, localization, learning,

Wa ny warning and communication capabilities
robotics =
» Study and development of a demonstrator like a personal
robot fully integrated in the context of « wireless home »

eS®
> An innovant domotic HMI dedicated for software useful
S\ for human, family and home applications

|I~ Wireless communication and services

O » Telepresence and telesurveillance tasks
LIRMM home supervision through any wireless point, abnormal
event detection in family environment (intrusion, noise, ...)

]
() france teecorn |I~ Autonomous navigation strategy

| Philippe gieeso PPNIV'16
e /< ‘ C 7V Martinet 63 Rio de Janeiro Sensor Based Navigation
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ndoor applications : WACIF project (zooz 2005)

Global navigation strategy

Topological representation
Predefined trajectory
Graph representation
Visual memory concept

® Starting point

e ENnding point

Hypothesis : knowledge

HS = HOME Space
RS; = Room Space 7

HS = 3, RS;

Topological representation step
is a part of the knowledge
we get from the
HOME environment

m = N, Philippe b4 PPNIV'16
= 1 @ Martinet 64 Rio de Janeiro Sensor Based Navigation
Ay
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Global navigation strategy

Topological representation
Predefined trajectory
Graph representation
Visual memory concept

Predefined trajectory step
is totally supervised
using robot teleoperation

Philippe gieeso PPNIV'16

: 65 Rio de Janeiro Sensor Based Navigation
Martinet - November 1st, 2016



ndoor applications : WACIF project (2002_200;)‘-

Global navigation strategy

Topological representation
Predefined trajectory
Graph representation
Visual memory concept

A N Graph representation step
A .

- S is deduced from

C z 2, A the previous step

722 a2V, Philippe el PPNIV'16
L C Martinet 66 Rio de Janeiro Sensor Based Navigation
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m\
ndoor applications : WACIF project (zooz-zoo;)m v

Global navigation strategy

b
Topological representation

Predefined trajectory Rooml 1, w Along the teleoperated
Graph representation trajectories a set of

Visual memory concept

; key images is selected
‘y 1
D
- Wy
Iy
Z m
hy
3
2y
3
W3 hy,
/\ A o2
- o Visual memory concept
C B 2y, A is used for navigation
B -GV @ wm v i
; . Rio de Janeiro Sensor Based Navigation

entrale Martinet > November 1st, 2016



ndoor applications : WACIF project (2002-200‘5A) |

Global navigation strategy
Topological representation
Predefined trajectory
Graph representation
Visual memory concept

E : Ending point

S : Starting point
D
1 oy
Wo
1
Vs
2ws Ty,
——
o Q,\__/o
- B A
2\p1
@ /k‘CV/v @ PAIpRE 68 — e SeniorRacod Nanet
: - 10 de Janeiro ensor base avigation
i Martinet > November 1st, 2016 :



ndoor applications : WACIF project (zooz-zoo;)ﬂ =

Global navigation strategy D

Functional decomposition

Learning Off line

Define each *W j ¢ learn the trajectory

#* Robot teleoperation
# Models features extraction and selection

% Mosaic construction Ait Ader :04:
_ _ Blanc [04]

Re-run of trajectory : On line S e

DI1anc [U)|

# Extract the reference model from the visual route
# Select and track models in current images
*

Localization in the mosaic
+ Lateral control of the non holonomous robot

m o2 Cax 2., Philippe aose e PPNIV’16
L C Martinet 69 Rio de Janeiro Sensor Based Navigation
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Functional decomposition

m\
ndoor applications : WACIF project (2002-200;)% = = &\Hkl.

Global navigation strategy

Ceiling images are

used
Models

A 4

Localizatio
n in mosaic

Model

[
»

selection

|

a

tracking

Re-run of trajectory : On line

A 4

—&)

Control Motor
Law control

Mosaic Teleoperation with

- _ . wireless HMI

| Visual route selectior

| RIEERES CesEIN Learning : Off line

|

!_ Mosaic Models ) Models |
Construction Localization | | selection |

M@ Philippe gieee TS0 PPNIV'16
Wit ‘ C 7V Martinet 70 Rio de Janeiro Sensor Based Navigation
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ndoor applications : WACIF project (2002_200;)‘-

Bl

Topologigal organised images database

Navigation using visual memory

/" T Mobile robot

2 - With camera
H
1
)
1

1

1

¥
Primitives
Extraction V.o

\

Control Law:
Path following

Path planmng




ndoor applications : OMNIBOT project

ROBEA @ iiex
From omnidirectional vision to mobile robot contr¢

Development of a complete perception and control approach
for mobile robot using omnidirectional vision

1- Sensor design

. v

4 - Control 2 — Calibration | o

L& | .
r:l,,"sz‘i‘-‘
— ® — Control Klnemat|c
screw
‘ INRITA Desired

Image

& £

O : 3 - Image
Image
LIRMM p :
rocesing
\

m - Philippe £l PPNIV'16
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ndoor applications : OMNIBOT project

v'Sensor design and Calibration,

REA v'Image processing and Visual servoing
E,,32‘3‘—‘
AS
ZIINRIA
- a7
O (s*)
“ﬁ 8
LIRMM 2

Control law

&
Current features (s)

oo Philippe aose e
Cm /R@N @ Martinet 73 ~—

Image processing

PPNIV’16
Rio de Janeiro
November 1st, 2016

’ ROBEA Qmmm

From omnidirectional vision to mobile robot contr«

f"\L"‘i“fi Development of a complete perception and control approach
for mobile robot using omnidirectional vision :

Image

Sensor Based Navigation



ROBEA @ritw
H. Hadj Abdelkader [05]

Navigation with omnidirectional visual memory :
[ICRAQ7]

Starting point

Last key imag€*e.,,
of the visual route

b ol PPNIV'16

Philippe s
Martinet 74 Rio de Janeiro Sensor Based Navigation
~—— November 1st, 2016




~ ROBEA @i

-69.102 x+43.074 y+15571.1841=0

Omnidirectional Visual
Servoing from Polar Lines
[Hadj 06]

Philippe $iee TS0 PPNIV'16
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ndoor applications : ROSACE project

. A - \ \ ’H
General framework: ‘
Vision based memory ‘% Visual mevr'nory bu1|d|ng dfabase building
navigation strategy : v f ¥
5
! Desired key image
3 Steps First current image ’

Localization in the rnernory
Visual route extraction

Ly s

2. Localization into the visual memory ——
¥

Current image

1. Visual memory building

Online step

Vlsual path following

- 0"”’

3. Navigation into the visual memory 7

Real-Time step

Onkne and

I Control input

4 IEEE ITSC pp|'15

- Philippe R02016
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Localization

= Current Image
Vision based memory N
navigation strategy : ;
Localization into the visual memory 7
- R E—
a- GIObaI Iocallzatlon Model of the sensor ‘r"')_';tate Estimation . I
b- Selection of key images | D™= — 1
c- Relative pose computation | e——t—— |
ate
| '?l.,,,__‘_I.-a\Lteral and angular errgr_s_’__‘_..-:‘ |
[ S

Control law

1

Model of the robot

(y,0) evaluation

m =2 Cax 2., Philippe aose e PPNIV’16
L C Martinet Ak Rio de Janeiro Sensor Based Navigation
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Current Image
Y

Desired Image

7 &

Using a fisheye camera

errlmageMax

N\

60 T I I I

0 50 100 150 20 250 300

erifpoéints

h Anc ‘ s ‘ . . 23
1 1 1

| / 240 241 242 243 244 245 246 247 248 249 250

Global localisation (6.5s) 306 matchings

Visual route (280 key images) — Matching mean=108
¥ - ErrlmageMax:longest distance between an
image point and its position in desired image

40

2

(=]

200

@ /RCV/V @

7

400

Phlllppe
Martinet

- Errpoints:Mean distance between those points

When errlmageMax reaches 20

50 we decide to change key image
4IEEE T5C PPNIV’16
78 Rio de Janeiro Sensor Based Navigation
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Using a fisheye camera

[Courbon08]

Philippe ol Al PPNIV’16

RIO 2018
Martinet 79 Rio de Janeiro Sensor Based Navigation
~—— November 1st, 2016

Centrale
Nantes




ndoor applications : ROSACE project

J. Courbon [07] Automatic Guided Vehicles

robot control using a fisheye lens

Autonomous navigation using a visual memory

QIEEE (TSC PPNIV’'16
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Outdoor applications : MOBIVIP project urban context

i |Royer04
Visual memory [Royerti]

Reference
Trajectory

and
Image features

(3D points)

Experimental data oy TR e |
Compiegne city center oA i B 3
(BODEGA/MOBIVIP)

Centrale ~—— November 1st, 2016

Nantes

2 Philippe el PPNIV'16 :
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urban context

Perception  Localization using monocular camera [Royer04]
Key images
And
Ref_e ek features
Trajectory
and
localization
Current
images
and
features
(! Philippe el PPNIV'16 / o
=< Martinet 82 Rio de Janeiro Sensor Based Navigation
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urban context
[Royer06]

2006: Inner city of Clermont-Fd

Centrale ~—— November 1st, 2016

Nantes
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Outdoor applications : CITYVIP project

General framework:

[ICRA09]  urban context

HUHHHI#H

. . Visual memory buildin
Vision based memory Y g

navigation strategqy :

Offline step

hslr ool

Visual memory De5|red key image

First current image

3 Steps 2 b Localization in the memory
I ’ " smmwp-| Visual route extraction
. S 4
1. Visual memory building l’hb

I Visual route

2. Localization into the visual memory  currentimage o
’ Visual path followung ﬁ

Tl

- o o - d d . ~

3. Navigation into the visual memory y h ¢l
Do S

I Control input

4 IEEE ITSC PPNIV’16

- Philippe R02016
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Localization

Vision based memory
navigation strategqy :

Localization into the visual memory

a- Global localization
b- Selection of key images
c- Relative pose computation

(y,0) evaluation

E@ > Philippe e
Centrale IR@N @ Martinet 85 <

~—Outdoor applications : CITYVIP project

[ICRA09] urban context

Current Image

Desired Image

SENSOR SPACE

Model of the sensor

I Y
State Estimation
Local 3D reconstruction

State

ROBOT SPACE

Lateral and angular errors

Control law

A

Model of the robot

PPNIV’16
Rio de Janeiro
November 1st, 2016
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—Ottdoor applications : CITYVIP project

Testbed

Experimental robot is a Robucab from Robosoft

Algorithms are implemented in C™7 language
on a laptop using RTAI-Linux OS with a
2GHz Centrino processor

Fujinon fisheye lens., mounted onto a J Fistieye Camers
Marlin F131B camera
Field-of-view of 185 deg
Image resolution in the experiments was 800 x 600 pixels
Frame rate of 15fps

Longitudinal velocity V" has been fixed to 1ms™!
K, and Ky are tuned regarding a double pole located at value 0.3

m - Philippe £l PPNIV’16
b /i< ‘ C 7V Martinet 86 Rio de Janeiro Sensor Based Navigation
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Outdoor applications : CITYVIP project [l CRAOQ] urban context

Experinicnl Loop 1200 m - 35 edges

s images,

151.m

- Philippe Aee TSC il
m_ P @N e Jaah Rio de Janeiro Sensor Based Navigation

Centrale .. November 1st, 2016
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Experiment

Lateral error:
- mean: 23 cm

-standard deviation: 30 cm.

Navigation stops after
1700m for security reasons
(small number of matched
points)

Nantes

700

550

500

I I | | | 1

: Learnt Trajectory

ﬁ : : Autonomous Navigation
750 ........... s ...... e et anesenensaressmnnsh AT : ‘ ,

450 -
1 i | 1 I i
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~—Outdoor applications : CITYVIP project [ICRA09] urban context

Video

Topological
navigation
using
visual memory
Cityvip
Clermont-Fd 2008

Using vision only
Clermont-Ferrand
LASMEA-GRAVIR

m - Philippe il PPNIV’16

7~ ‘C b a4 Martinet 89 ” ‘ Rio de Janeiro Sensor Based Navigation
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~ Flying

[IROS09]

Visual
Route ¥

m 7od Co Philippe £ PPNIV’'16
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-f}ﬂ’ﬂ'@;/al)l)lications : pdrone project - Flying'robot < Lust

[IROS09]

Topological Visual navigation of
a quadrotor aerial vehicle

navigation
using
visual memory
J.Courbon, Y.Mezouar

CEA 2009 N.Guénard, P.Martinet
Fontenay-aux-Roses

Using vision only
Clermont-Ferrand

ﬂ
LASMEA-GRAVIR ’m Enri /Auv:ncnc

E@ﬂ > (‘ Philippe SIEEE TSC PPNIV’16
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ROBOTEX

Renault Fluence

Renault ZOE HDK DEL2023DUB

LITTLE EBOX

Project

| VALET (Platoon,ParkinE) |

. VASCO ; g

I ALFS >
SIM-CITIES
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' "-
I-CAR rojvect |

~a -r-'mnﬂr—-

Renault ZOE HDK DEL2023DUB LITTLE EBOX

Robotization and instrumentation ) e T
Robust localization (Data fusion)

Mapping, SLAM

Automous navigation (topological)
Pedestrian Detection and tracking

Platooning
) Parking and complex maneuvers
Centrale V/a 3 C"//V ——— =

Nantes
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Sub-map 2

Sub-map 3
ub-map Memory : around 4Mo/km

m 7od Ca Philippe £ PPNIV’'16
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Mapping strategy (ITSC15)

Superindex - sub-map - ;j=1..., Sub-map index
Subindex - path point - j=1---N, Path point index
“global path” EKF fusion (GPS+0do)

%, )
$AY .: .‘" ; PT
I "", ! "E{},:"."":.’ ‘N‘.:E ‘ T_;_l
\ ‘ -"‘.“ r”"""ur., F \
\ o e ¢ G I b I
-~ /
\““ T 4 - - -
A Lires P Optimization
N ;’SS. = . ' : a3 :.u..u..unw;?tm{'ﬁ"ﬁ':‘,l}.f'_‘llun'u/n;.nr_f = PE\_:Y
:‘ A ! ‘ v, /,/ "..
o ] ot / 7 v, 1 / o
i : -"’s cl“&f“ ) R : ""3‘6/ 4 F S
0, ¢ — : o = ,
& L i / / v,
S , s s ‘u, ‘ >
g 5-‘ ]J £ :.'" i /—"7 "".,". L J.j+ = inzres hold
- S . f R o “map path”
] { g 2 S = £
N & F=Kisl
oS P . \ s / >, ¥
0 \ MH"‘*-. f i
‘s \'\.\ \*--.-.\A- :" > 7 & X’ KI'. = ]- :
\ S ‘l—" o J )
‘ { 2 CoV,

E

Global frame ‘ J
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'
ation (ITSC15)

Enhanced localization using multi-maps localization

m 72 Co Philippe b4 PPNIV'16
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Steering

Blinking
lights

On board computer. Low level control

Steering angle
Steering speed

Steering control

Ref steering

speed

Speed control

Ref speed

Brake
force

Brake control

Ref brake

Blinking lights

Blk lights cmd

Blk lights
Gas pedal status
sianal ggrsbﬁésic
—— igial torque CAN msgs decoder l =29
filter adapter  [€
I CanData
Di i Steeri I Front wheels| [R heel ;
t eering angle ront wheels ear wheels Blinki light
ofr::)vzl;ent Steering vel speed speed Hrake,fores nn dggrsg )
status
l l l CAN filtered messages
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Drive-by-wire Kit

To computer

External inputs

To dashboard

(blinking lights)

From
From Steerng From
2 3 throttle 10fQU€  Brake
@ %1 i pedal SEnsor Displacemen
o g @ sensor
2, e 8
af 2
°
-0
i ¥
AR INTERFACE BOARD From
Gearbox
Gear shift_position [PRND] switch
Brake control signal
Steering control signals
Throttle control sianals
’
IR PPNIV’16 s
Rio de Janeiro Sensor Based Navigation

el Philippe
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DA ElS ~geometr

Autonomous Navigation (ITSC16)

Autonomous Navigation

[-CAR project (2012-2016)
IRCCyN

Ecole Centrale de Nantes

S. Dominguez Quijada, G. Garcia, X. Koreki, A. Hamon, P. Martinet
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Content

* Introduction

* Generic models for cameras

* Visual geometry for localization
* Topological navigation system
* [llustrations

» Conclusion
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Conclusion

» Defining control in sensor space (with associated semantic
level)

* Avoiding accumulation of modeling errors
» Sensor based control is effective in mobile robotic
» Sensor based control is a good alternative to path planning

» Sensor based control allows to be more reactive in dynamic
environment

* We need to work hard to show results in real world with
long life learning ability, try and see, and make decision...
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