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Localization :
—> Map (structured environment, binary image)
- Pose (X, Y, Heading)
- Measurements (sonar and magnetic heading)
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Context : underwater robot localization SNZ%\
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Localization :

—> Map (structured environment, binary image)
- Pose (X, Y, Heading)
- Measurements (sonar and magnetic heading)

Vv (d;,ai,0i) € Correct_ Measures
(X,Y,0) € Pose, I(Xmap, Ymap) € Map
(X,y,e) — H(di,ai,ei,xmap,ymap)
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e Solving set of equations using set membership methods
 Handling outliers

e Example : localization with respect to a wall

e Contractors

e Image contractor

e Applications
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Solving a system of equations ENSTA
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e Consider the following system of equation (Constraint Satisfaction
Problem)
/
f]_(X]_,XZ,...,Xn) — O > Xl _ fll(o)
) fo(X1,X2,...,Xp) =0 X X, = 34(0)
X fm(X{,X2,...,Xn) =0 > Xm = f71(0).
Compute the
X = (X1,X2,...,Xn) € RN solution set for
each equation
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Solving is intersecting ENSTA

Bretagne
S — n X|
1€{0..n}
Ay
X, =/1'(0)

r Xy =13'(0)

f1(x,y) =0

fa(x,y) =0

fa(x,y) =0
L 3(X,Y)

2
(X,¥y) € R R
X
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{ay
. m
Sq¢= (] Xi={&xeR"3 c {1,..,n},
i€{0..n}
card(l) =n—q,Vi € I,x € X}
4 f1(X,y) = O d X, = f7'(0) B
fo(x,y) =0
< faxy) =0 X, - f:'(0)
fa(xy) =0
M, = £3'(0)
L fs5(X,y) =0
(x,y) € R? RO
relaxed intersection illustration on R? sets
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Setting up the equations

For each measurement « Constraint »

d = d; cos(0 + a;)

System of equations (CSP)

/
d—d1COS(9-|—O£1) =0
d-— dzCOS(Q-FCIz) =0 de [0100]1

q d_dmCOS(9+am) — O
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>>DEMO<<

Setting up the equations

For each measurement « Constraint »

d = d; cos(0 + a;)

System of equations (CSP)

/
d—d1COS(9+O£1) =0
d—dZCOS(Q-l'(Xz) =0 de [O’OO]’

q d_dmCOS(0+am) — O
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e A contractor is an operator which applied on a box shrinks it in a
specific manner.

e [tisan entity used to manipulate sets in algorithms

[x] N

.
.

.
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(A) : {xa = (x,y) e R ax+by +¢c = 0}'

branch and prune
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Image contractor

Consider a binary image defined by

12/04/2011

f:R2-{0,1
f(x) = 0 \) fix)'=1
[x] V— o

C([x])

Image contractor
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Image contractor ENSTA
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Consider a binary image
f:R?2- {01}

Consider the function

y i R? >R
p(xy) = [ [ f(xy)dxdy
!

Number of 1-pixels in the box
[0,x] x[0,y]
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Examples of PSI transform ENS‘,%\
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R4
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Image contractor ENSTA
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Consider a binary image  f : R2 - {0,1}
Consider the function | 6 [R]? > R

I = [ TGyl
| D = e x 1,y - -

o([X],lyD) = w(XH,y") —w(x,y")
—y(X*y ) +y(x,y7)

¥

Number of 1-pixels in the box

X7, X ] x [y, y*]
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Consider a binary image f : R? > {0,1}

Compute l// Once!

fx) =0

(X, lyD) = wx"y") —w(x,y")

-y (X" y ) +y(x,y7)

‘ y+ ¢([x],

Number of 1-pixels in the box Y-

%] x [y~y"] %
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e Use dichotomy to compute the bounds of the contracted r .

box y
Xo|= max(x € [X1,9(x XLIYD) =0 | yo=y ——
x¢|= min(x € [x¢, X" ], ¢([x,x"],[y]) = 0)
Ye|= max(y € Ly}, (%], ly"yD) = 0) Y+
y¢|= min(y € [ye,y*1,é(xc], y,y*]) = 0). y‘; """"""""""

\ - u E lil E
Logarithmic complexity
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e Localize in the city with odometry and compass only (
without GPS)
e Localization of an underwater robot using real data
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Localization in the city without GPS S\,;;!\
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e Localize in the city with odometry and compass only (
without GPS)
Map Corresponding PSI transform
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Localization in the city without GPS S\,S“T’A
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e Localize in the city with odometry and compass only ( without GPS)

e
e

Map Dead reckoning only
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Localization in the city without GPS S\,S“T’A
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e Localize in the city with odometry and compass only ( without GPS)

g
i9a

Map Using image contractor
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Validation using real data EneTa
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» Using Girona University dataset to compute the trajectory their robot made

[.ocalization :

—> Map (structured environment,
binary image)
- Position (X, Y, Heading)
- Measures (Sonar measures and
compass)

Abandoned marina in Costa Brava

o i, VIR RS
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Real image Edge extraction PSI Transform

12/04/2011 Nafips conference : robust robot localization using set 24
membership methods



n [] \‘!"
Result of localization S,E,'g‘;
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Dynamic localization Global localization

e Many applications where environment is not modeled by
an equation

e Handles data with outliers
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