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Why localizing

SAUC’E competition rules BP oil leakage

Our robot sauc’isse Port survey
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Context : underwater robot localization

Localization : 

� Map (structured environment, binary image)

� Pose (X, Y, Heading)

� Measurements (sonar and magnetic heading)
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Context : underwater robot localization

Localization : 

� Map (structured environment, binary image)

� Pose (X, Y, Heading)

� Measurements (sonar and magnetic heading)

∀d i,αi,θi ∈ Correct_Measures

x, y,θ ∈ Pose,∃xmap, ymap ∈ Map

x, y,θ = Hd i,αi,θi, xmap, ymap
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Summary

• Solving set of equations using set membership methods

• Handling outliers

• Example : localization with respect to a wall

• Contractors

• Image contractor

• Applications
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Solving a system of equations

• Consider the following system of equation (Constraint Satisfaction 
Problem)

f1x1 ,x 2 , . . . ,x n = 0

f2x1 ,x 2 , . . . ,x n = 0

. . .

fm x 1 ,x 2 , . . . ,x n = 0

x = x 1 ,x 2 , . . . ,x n ∈ Rn

X1 = f 1
−10

X2 = f 2
−10

. . .

Xm = f m
−10.

  #   

  #   

  #   

  #   

Compute the 

solution set for 

each equation
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Solving is intersecting

f 1x, y = 0

f 2x, y = 0

f 3x, y = 0

x,y ∈ R2

S = ⋂
i∈0..n

Xi
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Relaxed intersection

i∈0..n

q

⋂ X i = x ∈ Rm ,∃I ⊂ 1, . . ,n,

cardI =n − q,∀i ∈ I,x ∈ Xi

relaxed intersection illustration on R2 sets

Sq =

f1x,y = 0

f2x,y = 0

f3x,y = 0

f4x,y = 0

f5x,y = 0

x, y ∈ R2
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Example
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Example

Setting up the equations

System of equations (CSP)

For each measurement

d = d i cosθ + α i

d − d1 cosθ + α1 = 0

d − d2 cosθ + α2 = 0

. . .

d − dm cosθ + αm  = 0

d ∈ 0,∞,
θ ∈ − π

2
, π

2
.

« Constraint »
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Software demonstration

Setting up the equations

System of equations (CSP)

For each measurement

d = d i cosθ + α i

d − d1 cosθ + α1 = 0

d − d2 cosθ + α2 = 0

. . .

d − dm cosθ + αm  = 0

d ∈ 0,∞,
θ ∈ − π

2
, π

2
.

« Constraint »

>>DEMO<<>>DEMO<<
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What are contractors

• A contractor is an operator which applied on a box shrinks it in a 

specific manner.

• It is an entity used to manipulate sets in algorithms

branch and prune
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Image contractor

f : R2 → 0, 1

Consider a binary image defined by

Image contractor
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Image contractor

f : R2 → 0, 1

Consider a binary image

Consider the function

ψ : R2 → R

ψx, y = ∫
0

x ∫
0

y
fx,ydxdy

Number of 1-pixels in the box 

0,x × 0,y

(x,y)

0 x

y
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Examples of PSI transform

x

y
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Image contractor

f : R2 → 0, 1Consider a binary image

Consider the function

Number of 1-pixels in the box 

φ : R2 → R,

φx, y = ∫
x,y∈xy

fx, ydxdy

x = x−, x+, y = y−, y+

φx, y = ψx+,y+ − ψx−, y+

− ψx+, y− + ψx−,y−

x−,x+ × y−,y+

0 x+

y+

y-

x-
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Image contractor

f : R2 → 0, 1

ψCompute

Number of 1-pixels in the box 

φx, y = ψx+,y+ − ψx−, y+

− ψx+, y− + ψx−,y−

x−,x+ × y−,y+

Once!

Consider a binary image
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Image contractor

• Use dichotomy to compute the bounds of the contracted

box

x c
− = maxx ∈ x,φx− , x, y = 0

x c
+ = minx ∈ xc

− , x+,φx, x+, y = 0

y c
− = maxy ∈ y,φxc, y−,y = 0

y c
+ = miny ∈ yc

− , y+,φx c, y, y+ = 0.

x+=xc+

y+

y-=yc-
x-

yc+

xc-

x

y

Logarithmic complexity
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Applications

• Localize in the city with odometry and compass only ( 

without GPS)

• Localization of an underwater robot using real data 
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Localization in the city without GPS

• 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

• Localize in the city with odometry and compass only ( without GPS)

Map Dead reckoning only
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Localization in the city without GPS

• Localize in the city with odometry and compass only ( without GPS)

Map Using image contractor
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Validation using real data

Localization : 

� Map (structured environment, 
binary image)

� Position (X, Y, Heading)

� Measures (Sonar measures and 
compass)

� Using Girona University dataset to compute the trajectory their robot made 

Abandoned marina in Costa Brava
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Compute image contractor

Real image Edge extraction PSI Transform
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Result of localization

Global localizationDynamic localization

• Many applications where environment is not modeled by 

an equation

• Handles data with outliers


