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Outline of the presentation

Introduction
* LASMEA
* Sensor based Control
* Navigation
* SLAN vs SLAM R
A generic model
« A unified model for camera
* Case of fisheye cameras
* Partial euclidian reconstruction

Togological navigation system
« Global system
« Case of vision
= Differents Modules

* SOVIN
/llustrations
« Indoor applications
. . « Outdoor applications
Discussion

* Learning process

* Updating process

« Closing the loop problem

5 N&{L;l- Philippe 3 4 .& Topological navigation using sensory memory: SLAN versus SLAM
Martinet - LASMEA, Blaise Pascal University, Clermont-Ferrand

A generic Topological
model navigation system

Lasmea I‘H\L’isﬁa Director : Michel Dhome

400km south of Paris @ CNRS/UBP o
200km West of Lyon Mixed Unit 6602 s s pesee

mm) Introduction Ilustrations Discussion

France Clermont-Ferrand Universitary Campus ,LASMEA
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A generic Topological
model navigation system

Lasmea /‘H\L’is—ME Director : Michel Dhome

400km south of Paris @ CNRS/UBP =
200km West of Lyon Mixed Unit 6602 s sisee e

1) Introduction Hlustrations Discussion

MATELEC
GRAVIR
» Optoelectronics, .
microelectronics > Perception System
> Electromagnetism > Computer that See
» Gaz sensor » ROSACE
33 teacher/researcher 25 teacher/researcher
1 research scientist 2 research scientist,
25 Phd 49 Phd, 2 post-doc
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A generic Topological
model navigation system

Lasmea : GRAVIR-PERSYST

Perception System
@Eﬂpeptzon S‘KS%ms J.P. Derutin

=) Introduction Ilustrations Discussion

Data fusion

Multisensor )
Scene understanding

Perception

Algorithm Architecture Adequation
Smart Sensors 9 q

Parallelism in vision
High speed prototyping tools
Tools for embedded applications
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Architecture and
methods




A generic Topological
model navigation system

Lasmea : GRAVIR-COMSEE

Iﬂ Introduction Hlustrations Discussion

Artificial Vision
COMputer that SEE T. Chateau

http://comsee.univ-bpclermont.fr

Geometry for visual Metrology by vision
perception Automatic rigid scene reconstruction

Vision in Deformable  Modeling and algorithm for deformable

Environments environment
Visual Real time object tracking
Recognition Object recognition
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A generic Topological
model navigation system

Lasmea : GRAVIR-ROSACE
ROSACE P. Martinet & Y. Mezouar

ROboticS and Autonomous Complex systEms

\ﬂ Introduction Ilustrations Discussion

http://wwwlasmea.univ-bpclermont.fr/Control
http://robots.lasmea.univ-bpclermont.fr

Omnidirectional visual servoing 150 60Hz
VISIR Topological navigation through sensory memory
Visual Servolng of Robots Multi-sensor-based control
Control design under uncertain dynamics
) AG_'V ) Hybrid control architecture 15 to 60Hz
Automatic Guided Vehicles Multi-robot-system control
MICMAC Vision-Based Control of Parallel Robots 400Hz
Modeling, Identificationand ~ Control of redundant robots 1kHz

Control of Complex Machines  Control of High Dynamics System
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A generic Topological

S Ilustrations Discussion
model navigation system

mm) Introduction

Lasmea : GRAVIR
People involved in SLAM or near SLAM problems

F. Berry, R. Chapuis, F. Chausse, P. Checchin, J.P. Derutin, L.
Trassoudaine

PERSYST  (jmpaLACITYVIP)
(CITYHOME/EURIPIDE/BRI)
M. Dhome, M. Lhuillier , E. Royer

COMSEE  (MOBIVIP/CITYVIP/BODEGA)
(FACT/CITYHOME/EURIPIDE/BRI)

Y. Mezouar, P. Martinet, B. Thuilot
ROSACE  (MOBIVIP/CITYVIP/BODEGA/R-DISCOVER/ARMEN)
(SAFEMPOVE, FACT/CITYHOME/EURIPIDE/BRI/)

Autonomous navigation (RTK-GPS, Vision, Multi-sensor)
Platoon: Autonomous leader (RTK-GPS, Vision, Multi-sensor)
Platoon: Leader manually driven (RTK-GPS, Vision)

2D/3D maps building (vision, Radar, Range finder, Multi-sensor)
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Applications

mm) Introduction Amgzz:w na\;li—g;?cll?]gsi;iem Ilustrations Discussion
Sensor based control: History [EsPiAUgT]

d =(do, d1,ds, d3, da, ds)”
Lateral control in cartesian space: Lateral control in sensor space:
Bringing (g, §) to (0,0) Bringing d to d*
Explicite declaration of A and No explicite declaration of A and

required cartesian localization do not required cartesian localization
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A generic Topological

I i L
g i model navigation system

Hlustrations Discussion

. v
Sensor based control: Basic concepts  [samsonsespiave ¥

Case of embedded camera

Fe i 9
el Fe
x N *
<
o v
Fa 3
* x : 3D pose
s =s(x,t . .
' (;:di . o Interaction matrix — If edoniecy 25 = 0
g B 08 _
ox dt Ot S 9s
sl o =) $=Lyv+% ' Iyt
Tox ot s = Lsv
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A generic Topological

=) Introduction model navigation system Ilustrations Discussion
Navigation
Navigation scheme
End user level Execution level
FDIR

{ monitoring
Planning Obstacle
Mission, route SV eleEllelE

Scheduling ~ jeieasts N rererence
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Topological . . .
polog Illustrations Discussion

A generic
navigation system

) Introduction A generic Topological Illustrations Discussion
model navigation system
Navigation
Navigation scheme
End user level Execution level
FDIR

monitoring

Planning Obstacle
Mission, route § i avoidance

Scheduling

I Introduction
‘ model

Navigation

3D Map based navigation (absolute navigation)

Exteroceptive
Senso
— -

v

Proprioceptive
SEnsol Global
Lateral deviation
Angular deviation
Curvature
Curvilinear abscissa

Itinerary | 3D map based
A Reference trajectory

Selection
& Execution Online step
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Iﬂ Introduction generie 'I_'opc_)luglcal Hlustrations Discussion \ﬂ Introduction generic Topn_)loglcal llustrations Discussion
model navigation system model navigation system
Navigation Navigation
Memory based navigation (relative navigation) Memory based navigation (relative navigation)
Exteroceptive Exteroceptive
Sensors sensors
-—
Proprioceptive i i ‘
p e Augmented GIS Proprioceptive
Sensol sensors LOCAL
a Lateral deviation
Topological Augmented GIS Angular deviation
RepresSE e ] el
i Topological
sensory memory Itlnera_ry Representation
Selection Reference trajectory
& Execution Online step

Itinerary
Selection
& Execution

Learning step

B s
Martinet
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Topological

A generic
navigation system

| Introduction
= model

SLAN vs SLAM

Hlustrations Discussion

SLAM

SLAN

. Topological
MAPS Metric 2D/3D . .
Semi-Metric
Localization Absolute Relative
. Sensor space
Control space Cartesian . .
Cartesian (relative)

@
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Outline of the presentation

Introduction
* LASMEA
* Sensor based Control
* Navigation
* SLAN vs SLAM .
A generic model
= A unified model for camera
= Case of fisheye cameras
« Partial euclidian reconstruction

Togological navigation system

* Global system

 Case of vision

* Differents Modules

- SOVIN

Illustrations
« Indoor applications
= Outdoor applications

Discussion
= Learning process
* Updating process

* Closing the loop problem
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A generic i
Introduction My g Topological

L Hlustrations Discussion
model navigation system

A unified model for camera single view point system : Classification [Geyer00]

Ton

Planar Parabolic

Y

Elliptical Hyperbolic
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A generic Topological

ion | P
Introdiuction model navigation system

Ilustrations Discussion

A unified model for camera single view point system : Classification [Geyer00]
¢ and £ : Mirror parameters

q
Mirror type £ ©
Parabolic 1 1+2p
Hyperbolic d d+2p

o
Planar Parabolic A2 ap? | \/d?4p?

Elliptical d d—2p
VB +ap? | \/d>tap
Planar 0 1
% Wﬁ Conventional 0 1
F F’

Elliptical Hyperbolic
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A generic i
Introduction My genert Topological

S Ilustrations Discussion
model navigation system

A unified model for camera single view point system : case of point

X
my, = % Y Image g}lane
7 Do

p=|m| =VXTFY7+ 2

X
Z+&p
m, = x7 g7 = Y
Z+&p N
3 :
: 13
my, = Kyimy, -

Mirror : unitary sphere
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A generic Topological

Introduction I‘ L
model navigation system

llustrations Discussion
A unified model for camera single view point system : case of point

@ and £ : Mirror parameters

[o—¢ 0
mgp (X,Y,7) M= 0 ¢-¢
0 0
[ fs w
K=|0 fr w
0o 0 1

Image plane

0
0
L 1

X
ZHE/XTFVIR L

flmsp) = | ey
1

mirror

Special cases :
e =1and £ = 0=> perspective projection
e=0and §{ =1 spherical projection

Generic Projection function
m, = KM f(mgsp)
Ky
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Introduction M) g T_op(_)loglcal Hlustrations Discussion
model navigation system

Case of fisheye camera Fisheye camera model : definition * T :' camera frame
Fi : image frame

% r = distance between X and the image point
% 6 = angle between the incoming ray and the principal axis
Pinhole camera X = (XY z)" Fisheye camera

xp = (Tp '.i)'p)! xp = (xy yf)T
rp(0) = ftanf

radial distortions

» m @ Philippe 1 .% Topological navigation using sensory memory: SLAN versus SLAM
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A generic Topological

ion | T
Introduction W model navigation system

Illustrations Discussion

Case of fisheye camera  Fisheye camera model :Pinhole based models
Mapping :
rp =TS
Lirp.n) = 1k +hari++kard  n parameters Iy
* 7"}- (T‘p) = TPL(TP7 n) used for perspective cameras
[T. Pajdla97,Hartley00,Zhang98,Ma2006...]

* T?(Tp) = L(::,n) handle high distortion

[Fitzgibbon01]

T
* T?(Tp) = 1+;€pﬂ’2’ one parameter
[Fitzgibbon01]
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model navigation system

Case of fiSheye camera Fisheye camera model :Pinhole based models

Mapping :
'p T Ty
1
L >
* T%(T‘p) = Tp% rational model n1+n2 parameters
[LiO5]
* T?(Tp) — slog(l + )\rp) logarithmic mapping [Basu95]

s is a scaling factor and A a gain to control the amount of distortion

* T‘?(Tp) = %arctan (27‘p tan %) Field-of-view (FOV) model
[Devernay01]
Horp(rp) = A, [Hartley07]

The "distortion function” A = {A1, A2,... A\, } can be then fitted by a para-
metric model

R LASMEA Philippe | «X Topological navigation using sensory memory: SLAN versus SLAM
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A generic i
Introduction I 4 TUPE_)IOglcaI Ilustrations Discussion
model navigation system

Case of fiSheye camera Fisheye camera model :Captured rays based models
Mapping :
0 — Iy
T

* ri(0) = f0 cameras with limited distortions
[Kingslake89]

stereographic projection

K 17(0) = 2f tan (£) preserves circularity and thus project 3D

local symmetries onto 2D local symmetries
[Fleck94,Stevenson95]

* r‘}i(@) = fsin6 orthogonal or sine law projection
[Ray94]

* 14(0) = fsin (§) equisolid angle projection  [Smith92]

ity (B LASMEA @ Philippe o i .& Topological navigation using sensory memory: SLAN versus SLAM
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A generic i
Introduction My D Topological

S Ilustrations Discussion
model navigation system

Case of fisheye camera Fisheye camera model :Captured rays based models

Mapping :
0 — Ty
* 13(0) = F(k10 + ka0 + - + k92 DFY) 2

Improvment of the polynomial model accuracy
[xiong97,kannala04,schwalbe05,Scaramuzza06]

* r?(@) = asin(80) % o : scale factor
% [ : radial mapping parameter
[Kumler00]
* 1%(f) = atan(8/b) + csin(8/d)
Combination of
- stereographic projection (with parameters a, b)
- equisolid angle projection (with parameters ¢, d)
[Bakstein02]
iz (B N&{L;l- @ Philippe - § .& Topological navigation using sensory memory: SLAN versus SLAM
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A generic H
Introduction mmp 967 Topological

S llustrations Discussion
model navigation system

Case of fisheye camera Generic camera model : Unified Spherical Model

% F. : frame attached to the conventional camera
# F,, : frame attached to the unitary sphere

X=[XY 2T a=[oy1)”

Step 1 : Projection on the unitary

Sphere Unitary

X in Frp: X, = X/p
Xy “ sphere
where p = || X|| = VX2 + Y2+ 22 ~
Step 2 : Perspective projection
on the normalized image plane Z =1 —¢
X Y T
=f(X) = | ——— ————
0= e e
spherical projection : e =0and £ =1
pinhole model : e =1and £ =0
Catadioptric model : e, =1and £ =1

el ; LASMEA Philippe 4 «} Topological navigation using sensory memory: SLAN versus SLAM
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Principal
Projection
center

' {"«— Optical
center

. A generic i
Introduction M) g Topological

S Hlustrations Discussion
model navigation system

Case of fisheye camera Generic camera model : Unified Spherical Model

% F,. : frame attached to the conventional camera
% F,, : frame attached to the unitary sphere

X=XY 2" a=[oy1
Step 3 : Projection onto image plang

_ s Unitary
x=Mx’ “+ sphere
fE 0 0 [« focal length Principal
M = 0 dfx 0 § is equal to +1 Projection

center

0 0 1 k>0

. . ! ("«— Optical
catadioptric cameras : § = —1 center

perspective camera : kK =1 and § = +1

Tl i LASMEA Philippe oA, Topological navigation using sensory memory: SLAN versus SLAM
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: A generic i
Introduction I g Topological

S Ilustrations Discussion
model navigation system

Case of fisheye camera Generic camera model : Unified Spherical Model

% F, : frame attached to the conventional camera
% F,, : frame attached to the unitary sphere

X=XYZ' a=[oy1?
Step 4 : Pixel transformation

m =K x plane-to-plane collineation K Unitary
“ sphere
B suo uo Principal
K= 0 ky, wo Projection
0 0 1 center
(ug,vo)T : position of the optical center | Optical
k., and k, : scaling along the x and y axes center

Suv : Skew

Pinhole camera zp = fX/Z
setting { =0, k = landd = +1 Y= fY/Z

Tl i LASMEA Philippe « X, Topological navigation using sensory memory: SLAN versus SLAM
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L Hlustrations Discussion
model navigation system

Case of fisheye camera Generic camera model : Unified Spherical Model

For fisheye camera

/4
rp =r5(rp) = __ %™ s a T-mapping linking the perspective Radius
1+€ ’%H rp and the fisheye radius ¢

P

Constraint 1 : easily verified (r¢(0) = 0)

Constraint 2 : 7¢(k) is monotonically increasing for k£ > 0
1 =ri(8) = fstan@ is a T>-mapping linking the radius ry
= 1+6vtan?6+1  and the incidence angle 0

II The generic camera model is candidate
for fisheye camera modeling

LASMEA Philippe 4 .& Topological navigation using sensory memory: SLAN versus SLAM
Martinet 3%
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A generic i
Introduction I 4 Topqloglcal Ilustrations Discussion
model navigation system

Case of fisheye camera Validation with calibration toolbox [MEI07]

Computation of f; and & (Producers data)
Model fitting for all existing fisheye cameras

Calibration
List of fisheye cameras considered List of models considered
Coastal Optical 4.8%mm /5.2 Polynomial model using perspective projection

Nikon MF Gmm /2.8

Coastal Optical 7.45mm /2.8

re(rp) = rp(1+ ‘117',% +- 4+ ‘7«37',?)

Sigma Smm /4.0 14995 Polynomial model using unified model projection
Peleng Smm /3.5 rr(ry) = ra(1+ a7 + - + agr)
Nikkor 10.5mm /2.8

ORIFL 190-3 Proposed unified model

Tf="Tu
II‘ The generic camera model is validated with an average

of 0.2 pixels reprojection error for fisheye camera modeling
Only one parameter required

LASMEA Philippe I .& Topological navigation using sensory memory: SLAN versus SLAM
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model navigation system

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

Introducing  n = stb; = /1 + X2/2% +Y?/Z? >0 ~

o= A+ena=73%
oy D @0ty -1=0
Y/Z Y
Y= Tie A+&ny=%
_ i71+£(m2+y2)

n= 1—£2(224y2?) 1 computed without ambiguity

e, = /TH (1= E)(a2 + )

_ (=1 — . — _ 1T
= (@ w W= [0y ]
W
m,
5 N\:& @ I\P/::I!It;l)::l 33 4 .& Topological navigation using sensory memory: SLAN versus SLAM
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model navigation system

Partial euclidian reconstruction Unified model - Case of points
[X Y Z]T m coordinates in F,,
[X* Y* Z*]T m coordinates in F' o

m

i B
Reference plane 7 in F};,

ﬂ.*T — [H*T _ d*]

(Rt)

mirror

. 5 m Philippe i .& Topological navigation using sensory memory: SLAN versus SLAM
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model navigation system

Partial euclidian reconstruction Unified model - Case of points

m, =@t +Om=1[Xx v z]" m=lry )7
m = oM =R [ X0 v 2] mE =ty )T

Homogeneous coordinates:

m=[XY Z H" and m* = [X* Y* Z* H*]T
plrt+om=[Is 0|m=[R ¢t |m"
The distance from the world point m to the plane ()

d(m,ﬂ') =mT.m* = [n*T _ d*][X* v* 7% H*]T _ P*(ﬂ*71 +§)n*Tﬁ* _
d*H*

’ w Philippe 35 J .% Topological navigation using sensory memory: SLAN versus SLAM
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: A generic i
Introduction I 9 Topological

S Illustrations Discussion
model navigation system

Partial euclidian reconstruction uUnified model - Case of points

m H* = P*(n;:1+§) n*Tm* — d(Ziﬂf)
Py + E)m* = [ xX* y* z* }T }
AT
Ar =15 2
m* = p*(n* ! +)Aim* + b %ere [ o ]
bl = [les - L'JJW)}
pin ' +em=[ R t|m’
S (4 M = pf (L + OHLm" + at

with H; = R + d%n*T and a = —LZL,’")

Euclidian Homography

’ w Philippe 36 J .& Topological navigation using sensory memory: SLAN versus SLAM
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Partial euclidian reconstruction Unified model - Case of points
meTm

*—1

IrE

*

-
ey
)

m = Bz,w* H,m"* where [ o« =

+
s
s

Linear form ‘/

mxHm* =0 wmp H, =P R andt; ==

=g

*—1 T —x%
o=2 =1+ TR g ) L H o

T O TRTm

B mi‘L"_ @ Philippe o | .& Topological navigation using sensory memory: SLAN versus SLAM
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model navigation system

Partial euclidian reconstruction  Unified model - Case of lines
Similar results are obtained from lines (using polar lines)

Tmage planc

S —-

Pliicker coordinates

L= (u,h,h)"

u : unitary vector along the line L
h : unitary vector orthogonal
s to the interpretation plane
8 h

: distance between the origin of
the frame and the line

Unitary sphere

ﬁxzJriyz+2ixy+2§x+2ﬁy+1:0
A A A A A

Bi(n,f,KM)%

N’L‘L"_ @ Philippe oo § .& Topological navigation using sensory memory: SLAN versus SLAM
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Partial euclidian reconstruction  unified model - Case of lines
Similar results are obtained from lines (using polar lines)

Polar lines

¢ a 2D conic curve

Conic ® A a point in the definition

plane of ¢

I; : the corresponding polar line

L x ®A

Polar line 1
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Partial euclidian reconstruction  Unified model - Case of lines
Similar results are obtained from lines (using polar lines)

Polar lines

R2—€2(1-R2)  hohy (1-€2)  hohs
Q= hehy (1-€) R2-(1-h2) hyh.
oh ol h2

Y

0

xTKTOK 'x,
-

Q;

.

The polar line of the optical center with respect to the conic £2; is given by:

incipal point
1, X QO principal p
! 1= 0; = [up vo 1T =KJ[001]7
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Partial euclidian reconstruction  unified model - Case of lines
Similar results are obtained from lines (using polar lines)

%\]D

Virtual image plane

i o K TQK'0;

Image plane

0
—~ x KTQK'K (0)
, 1

ha
5 KT hy
Corollary: h.

The polar line I; 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.

Unitary sphere
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Partial euclidian reconstruction  unified model - Case of lines
Similar results are obtained from Iings (using polar lines)

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

/" . —— X Reference plane 7 in F};,
<~ /) A S
3}’\\/ / . S Vue '-'d-.l-f‘r_]

F = F

;R,G TRy

¢ LASMEA Philippe J .& Topological navigation using sensory memory: SLAN versus SLAM
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Introduction My

Partial euclidian reconstruction  Unified model - Case of lines
Similar results are obtained from lines (using polar lines)
X, and X, are two points in the 3D space lying on the line £

hoH 'h* L « K7h s 1; < KTH Th*

L' x K Th* e L o« K THTKTL"

— ® L xG I

. G = KHK!
Linear form
LxG TIF=0 with 4 couples (l;,17)
i i ) H =) Roandte =
H=R+tn"

n* xKT1*
[Rn*xK L]

r=M=01+t;"Rn*)
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« Navigation
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A generic model
= A unified model for camera
« Case of fisheye cameras
= Partial euclidian reconstruction

Togological navigation system
* Global system

= Case of vision
= Differents Modules

* SOVIN
Illustrations
« Indoor applications
. . = Outdoor applications
Discussion

* Learning process
* Updating process
« Closing the loop problem
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Introduction

Global system

Sequences acquises
lorsdel’
Phase en—ligne

LOCALISATION c!)Tr?‘v?e

CARTOGRAPHIE
Situation
courante

Rechérche Objectif
dechemin

]

e

Mefmoire sensori

Tmage cibl
intermediai

Image
courante.

COMMANDE

Phase hors—ligne
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Introduction

Global system  supervised learning step: building of the sensory memory

Sequences acquises
lorsdel’ "
Phase en—ligne

| LOCALISATION

Image
courante
Objectif

CARTOGRAPHIE

Meroire sensorielle

Image cible’ Image
intermediaire courante

COMMANDE

Phase hors—ligne
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Carte sensorielle
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Global system Initialization: primary localization

Sequences acquises
lorsdel’ i

Phase en—ligne

—!— LOCALISATION

CARTOGRAPHIE
Sitt
courante
/ Y L
/ Recherche Objectif
/ de chemin

o

Gart topologige;

Ghrie mnﬁ)‘
il

Meoire sensorielle !

Imagecible’

intermediaire. COMMANDE

Commande
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Image
courante

Phase hors—ligne

3

B Philippe
- Martinet

A generic [ Y Topological

S Illustrations Discussion
model navigation system

Introduction

Global system  One line navigation and control

Sequences acquises
lorsdel’ i

Phase en—ligne

LOCALISATION Eam'gee
on
courante
y .
Recherche Objectif
dechemin

CARTOGRAPHIE

carte topologigl

Meéinoire sensorielle!

Tmage cible Image
intermediaire courante.

_COMMANDE

Commande
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Sequences acquiseS
lorsdel’
Phase en—ligne

—!— LOCALISATION

"""" oo -
Recherche Objectif
de chemin

Case of vision

CARTOGRAPHIE

Mémoire sensorielle

Tmage cible
intermediaire,

Image
COMMANDE

Phase hors—ligne
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Introduction

Sensory memory

Case of vision

Topological map level 0 (CTO)
v'High level representation : corridor,
routes, ..

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

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

Different modules Learning step (first arc, first two nodes)

Building the sensory memory

Key images selection
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Different modules Learning step (expanding the processus...)
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Differents modules Initial localization

How to find the closest image in the database ?

awe
L

imitiale

F =
. —
4

Localisation

it iale
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Differents modules Initial localization

How to find the closest image in the database ?
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Hlustrations Discussion

Differents modules Initial localization
How to find the closest image in the database ?

Use of a regular mesh [PERSSON04]
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)

LASMEA Philippe 4 .& Topological navigation using sensory memory: SLAN versus SLAM
Martinet % J

LASMEA, Blaise Pascal University, Clermont-Ferrand

. A generic Topological
Introduction model = navigation system

Ilustrations Discussion

Differents modules Initial localization
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

LASMEA Philippe I .& Topological navigation using sensory memory: SLAN versus SLAM
Martinet 56 ,
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Differents modules Initial localization

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 Taile B
image images |

Catadicptrique 1024768 | 978

Fisheye 110deg | 384x288 | 188

Fishoye 190deg | 640480 | 445

Several approaches were compared : GONZ [GONZALES02], PHLAC [LINAKERO04],
CUB, SURF, SIFT, HARRIS, CUBHAR
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Differents modules Planifying the visual route
How to find the optimal path ?

llustrations Discussion
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Differents modules Planifying the visual route
How to find the optimal path ?

Hlustrations Discussion
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Differents modules Planifying the visual route
How to find the optimal path ?
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Differents modules One line localization
P

Scaled euclidian reconstruction m,
Ry

‘—/_/‘ K1) / L
[Nister04]

;T
Epipolar constraint can be expressed by/ From five couples of points
X R(t % X" ) = X0 R, X =0 E can be estimated
For pinhol | Ty T _ ‘ Outliers are rejected by
or pinhole model XX 0 using RANSAC
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Differents modules State estimation and control (one example)

State model of the mobile robot

(s,9,0)

* Fi= (04X, Y5, Zy)
* Fit1 = (0i41,Xiy1, Yiq1, Ziy1) the frames attached to the
T

robot when

s Chained

§m P
1—eizh

Kinematic model of the mobile robot !y - sine System
5 tand  c(s)eosd

Lt ( ] 1=¢{shy ) theory

[1AV04]
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Differents modules State estimation and control (one example)

Path following approach

7. Zini
(It
I ¥, i1

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

8().8) = arctan (—/ [cm"ﬁ{—h";lzmﬁ - KJ,_I')]}
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SOVIN A global software environment for topological navigation in wide spaces
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SOVIN A physical database organized in three levels

.VJ(IV

Memaire wsuElie{MemoIe 3 ong tame)

Fleaier o2 connexion

ol emececomess  [)
S

Physical database
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SOVIN  Anefficient database interface for on line and real time applications

=

Mémoire visuslie{Memolre 3 long terme| Algorthemia (Memaie d§ Traval)

Fienier o2 coaneron
i % ‘outs ge tratement F

i

|

i

fecnentns geements |
L W

% ‘Outts cnemin visust L'

Etat, commande. Image désirée. locaisafion

o = S,
? icaton 8 ragaten utonome
% Robot mobie |< ,,,,, Commands o ©
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SOVIN A generic library (generic visual sensor) for visual algorithm processing

— =1

T
1
Memoire wsuelie{Memalre a long terme] : Algortimie (Memore a8 Traval]
i

! W '
[ | | gy :

e ;
VI

&~ —
] Generic image
processing library

Domess | = e B
Gamera image courante ! i |
,,,,,,,,,,, = W e

‘Appiication oe navigation autanome
% Robot mablie F _____ Commmo
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SOVIN  An efficient Human Machine Interface for managing applications

s | HMI
(e |
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Indoor applications : WACIF project (2002-2005) H 3_&?!.

Autonomous Robot for Telepresence navigation, localization, learning, warning
WG ny and communication capabilities

s Study and development of a demonstrator like a personal
robot fully integrated in the context of « wireless home »

Introduction ) Illustrations Discussion

=0

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

|I~ Wireless communication and services

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

7
& france telecom ||~ Autonomous navigation strategy
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A generic Topological
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Indoor applications : WACIF project (2002-2005) H RNFL
Global navigation strategy
Topological representation

Introduction m) |llustrations Discussion

Predefined trajectory Room1 Roomd ¢ Starting point
G_raph representation e o Ending point
Visual memory concept .|:|.
-
Hypothesis : knowledge ee ©
HS = HOME Space ] /
RS; = Room Space 7
Room2
HS =3, RS;
]
-
= Topological representation step
/ is a part of the knowledge
we get from the
HOME environment
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Global navigation strategy

Topological representation

Predefined trajectory Rooml 1y, |Roomd
Graph representation
Visual memory concept

Predefined trajectory step
is totally supervised
using robot teleoperation
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Indoor applications : WACIF project (2002-2005) B RM:L
Global navigation strategy
Topological representation A
Predefined trajectory Rooml 1y, |Room3

Graph representation
Visual memory concept

D
Graph representation step

is deduced from
C) the previous step
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Global navigation strategy
Topological representation
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Introduction model navigation system mmp Illustrations Discussion
Indoor applications : WACIF project (2002-2005) H Rkpl,
Global navigation strategy
Topological representation
Predefined trajectory Rooml 1y, |Room3 Along the teleoperated

Graph representation

trajectories a set of

Predefined trajectory
Graph representation

From the graph a
Visual route is generated

Visual memory concept

D
1y, N
1‘1,3
20y 'y
- e Visual memory concept
C B 2y A is used for navigation
1
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Visual memory concept

B i
(e endngpom| |

S : Starting point

1

Visual route

S T E

Visual memory concept
is used for navigation

2\1,1
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A generic Topological

Introduction model navigation system ) Illustrations Discussion
Indoor applications : WACIF project (2002-2005) B R}&PL
D

Global navigation strategy
Functional decomposition

Learning Off line
Define each i\I/]- : learn the trajectory

# Robot teleoperation

* Models features extraction and selection
% Mosaic construction Ait Ader [04]
Blanc [04]

Blanc [05]

Re-run of trajectory : On line

+ 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

SR | NS_‘“!F'\ Philippe 1 .& Topological navigation using sensory memory: SLAN versus SLAM
o ! Martinet #.- " LASMEA, Blaise Pascal University, Clermont-Ferrand

. A generic Topological . . .
Introduction model navigation system m) |llustrations Discussion
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Global navigation strategy
Functional decomposition

[

w
Localization X .
in mosaic Re-run of trajectory : On line
—
(%2}

Ceiling images are used

Models
tracking |

| Model

selection

Control Motor,
Law control

Teleoperation with
wireless HMI

Mosaic

I

Visual route selection

-’I_----‘

1 WALWirclesShiMI Learning : Off line
1
!_ Mosaic Models Models
= - [+ B - < .
Construction Localization selection
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Indoor applications : OMNIBOT project RO
From omnidirectional vision to mobile robot control B QA 0 v
Development of a complete perception and control approach

for mobile robot using omnidirectional vision
LASMEA
0 1 - Réalisation capteur
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T 2 Calibration '< _]

Introduction
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Indoor applications : OMNIBOT project ROBEA @ @

From omnidirectional vision to mobile robot control
Nfi"{f Development of a complete perception and control approach
- for mobile robot using omnidirectional vision :
v'Sensor design and Calibration,
v'Image processing and Visual servoing

Introduction

&

LIRMM \
Image processing f—" !

Current features (s) Image
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Indoor applications : OMNIBOT project ROBEA Q v
"™ H. Hadj Abdelkader [05]
Navigation with omnidirectional visual
memory : [ICRA07]

Introduction

Starting paint

Last key image®s.,
the visual route

logical navigation using sensory memory: SLAN versus SLAM
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Introduction S
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Omnidirectional Visual
Servoing from Polar Lines
[Hadj 06]
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Indoor applications : ROSACE project  Using a fisheye camera

General framework : W S S G g
1

Introduction

Vision based memory g g3 mernory Bulkiing: dddsbaza buiding
ontion st | [0 16 2 2 e
T esired kny image
3 steps : T  samity
1 Localzation in the mamery

Visual route matraciien
nm

2. Localization into the visual memory T
¥

-

1. Visual memory building

Onine step

Currant imsge &

Y " - £

3. Navigation into the visual memory r | T HH
.

£d

1 cantral input
4
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Introduction

Indoor applications : ROSACE project  Using a fisheye camera
Localization

Vision based memory
navigation strategy :

SENSOH SPALE

Localization into the visual memory

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

Model of the semsor |—k ftate Sscimacion
Local

stat
Lateral and angular errors

____4'.____

control law

Mode] of the robot
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A generic Topological

model navigation system mm) iliustrations Discussion

Introduction

Indoor applications : ROSACE project  using a fisheye camera

Current Image Desired Image
y =

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

- Errpoints:Mean distance between those points

LD P

-
=]
woparn

o f ’*‘ 1IN 'jl! *
“,Pl‘ﬁ NM Mk"f When errlmageMax reaches 20
0w

M W W W W we decide to change key image
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Indoor applications : ROSACE project  Using a fisheye camera

[Courbon08]
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A generic Topological

Introduction model navigation system ‘ Illustrations Discussion
Indoor applications : ROSACE project  using a fisheye camera .

Automatic Guided Vehicles
robot control using a fisheye lens

J. Courbon [07]

Autonomous navigation using a visual memory
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Indoor applications : pdrone project ~ Flying robot (=) List
[IROS09]
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model navigation system m) |llustrations Discussion

Introduction

Indoor applications : pdrone project ~ Flying robot (=) List
[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
LASMEA-GRAVIR
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Outdoor applications : MOBI

Visual memory

Reference
Trajectory

and

Image featu res/

(3D points)

Experimental data
Compiegne city center
(BODEGA/MOBIVIP)

LASMEA Philippe
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A generic Topological
model navigation system

mm) [llustrations Discussion
VIP project urban context
[Royer04]
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. A generic Topological . ) .
Introduction model navigation system mm) |llustrations Discussion
Outdoor applications : MOBIVIP project urban context
Perception Localization using monocular camera [Royer04]
3\
Key images
And
Reference features
Trajectory
and <
localization
Current
images
> and
features
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Outdoor applications : MOBIVIP project urban context
Perception and control [Royer06]

2006: Les Cezeaux Campus CFd

LASMEA Philippe
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2006: Inner city of Clermont-Fd
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‘ Illustrations Discussion

Outdoor applications : CITYVIP project ~ [ICRA09] urban context

General framework : bhblfhb‘#

Wisuil memary buildng ‘

Vision based memory
navigation strategy :

Oefine step

Wil Fraeaty

First cument image
1

3 steps:

Localizatin in the memony
| VIS roste xiraction
i

4

1. Visual memory building

2. Localization into the visual memory  curers ege ]

Visual path followng
Al

3. Navigation into the visual memory ; ]

Rl =Time st

O o

¥l

1 cenot input
1
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Introduction

A generic Topological
model navigation system

) Illustrations Discussion

Outdoor applications : CITYVIP project ~ [ICRA09] urban context

Localization

Vision based memory
navigation strategy :

Localization into the visual memory

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

(y,0) evaluation

e LASMEA Philippe
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Current lasage Devired Image

" r -
N 7

1

1 :

1 Lateral and angular ervors
I

— senrrol law

|

Modsl of the robot
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A generic Topological

Introduction S
model navigation system

m) |llustrations Discussion

Outdoor applications : CITYVIP project  [ICRA09] urban context

Testbed — — ‘\

Experimental robot is a Robucab from Robosoft

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

Fujinon fisheye lens, mounted onto a
Marlin F131B camera

Field-of-view of 185 deg

Image resolution in the experiments was 800 x 600 pixels
Frame rate of 15{ps

Longitudinal velocity V has been fixed to 1ms~!
K, and K are tuned regarding a double pole located at value 0.3
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A generic Topological

igati Ld i Discussion
model navigation system lllustrations SCussiol

Introduction

Outdoor applicatiogs : CITYVIP project  [ICRA09] urban context
Experiment Loop 1200 m — 35 edges

igation 1700m (26 minutes, 1400 keys images, 54 edges

.
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A generic Topological

model navigation system mm) iliustrations Discussion

Introduction

Outdoor applications : CITYVIP project  [ICRA09] urban context
Experiment ' 1 ] — =T

Lateral error:
- mean: 23 cm
-standard deviation: 30 cm.

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

a0t
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A generic Topological

Introduction L
model navigation system

mmp Illustrations Discussion

Outdoor applications : CITYVIP project ~ [ICRA09] urban context
Video

Topological
navigation
using
visual memory
Cityvip
Clermont-Fd 2008

Using vision only
Clermont-Ferrand
LASMEA-GRAVIR
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Outline of the presentation

Introduction
* LASMEA
= Sensor based Control
* Navigation
* SLAN vs SLAM .
A generic model
= A unified model for camera
« Case of fisheye cameras
* Partial euclidian reconstruction

Togological navigation system
* Global system
 Case of vision
 Differents Modules

* SOVIN
Illustrations
« Indoor applications
. . « Outdoor applications
Discussion

« Learning process
* Updating process
= Closing the loop problem
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A generic Topological

model navigation system Illustrations W) Discussion

Introduction

Learning process

Part of the next step: R-DISCOVER project
Automatic discovering & learning the environment

Updating process

Part of the next step: R-DISCOVER project
Automatic updating the environment

Closing the loop problem

No a priori needs for closing the loop.
Can be useful for improving topological maps
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Thanks for your attention
Any questions

L, http://wwwlasmea.univ-bpclermont.fr/Control

http://wwwlasmea.univ-bpclermont.fr/Personnel/Philippe.Martinet
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