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Relevance

The fringes patterns processing is of great importance

in the recovery of the form (or strain) of 3D objects

and to obtain physical variables such as pressure,

volume, vibration analysis, temperature, etc..



Company

LOGO

30-jun-10 3

Physics of images formation

 Understanding the physics of imaging formation, we
realize that different objects can produce the same
two-dimensional images, creating a ill-posed
problem that is, those where there are multiple
solutions.

[Thikonov, 1963; Marroquin et. al, 1987; Bertero et al.,
1988].



Company

LOGO Interferometry

It is an optical technique which combines the light from
different issuers
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LOGO Interferometer

It is an instrument that employs the interference of
light’s waves to measure accurately the wavelengths
of light itself
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LOGO Michelson’s Interferometer

 Closed-fringes(cosine profile)
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 Open-Fringes.
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Interferometer
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LOGO Fringes projection

Fringes pattern (interferogram) can be represented
using the following mathematical expression:

a(x,y) = background illumination

b(x,y) = modulation amplitude

= carrier frequency in directions x and y

= related term to the physical quantity being
measured

= noise additive to the phase

( ) ( ) ( ) cos( ( ) ( ))x yI x, y  =  a x, y  + b x, y  w x w y + x, y x, y  

( , )x y

30-jun-10 10

,x yw x w y

( , )x y



Company

LOGO Example of phase

4

322

34

32

23

2

2

000086.0

00011.000023.0

00015.0000012.0

002.0001.0

00272.0000212.0

0372.000036.0

00065.02801.7316.0),(

y

xyyx

yxx

yxy

yxx

yxy

xyxyx















30-jun-10 11



Company

LOGO Techniques for recovering phase

 Direct Phase

 Fourier method

 Phase-locked-loop
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LOGO Direct Phase
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LOGO Fourier method
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LOGO Phase-locked-loop
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LOGO Particle Swarm Optimization

Particle swarm optimization (PSO) is a population
based stochastic optimization technique, inspired by
social behavior of bird flocking or fish schooling.

PSO shares many similarities with evolutionary
computation techniques such as Genetic Algorithms
(GA). The system is initialized with a population of
random solutions and searches for optima by
updating generations. However, unlike GA, PSO
has no evolution operators such as crossover and
mutation. In PSO, the potential solutions, called
particles, fly through the problem space by following
the current optimum particles.

30-jun-10 16



Company

LOGO Function fitness

30-jun-10 17



Company

LOGO Function fitness

 Function to optimize
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LOGO Differential evolution
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LOGO Phase 3D
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LOGO Recovery phase

Error: 
2.3058
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Observed
fringes

Recovered
fringes
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LOGO Recovery phase

Error: 
0.1928
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Observed
fringes

Recovered
fringes
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LOGO Recovery phase

Error: 
0.9212
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fringes
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fringes
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LOGO Recovery phase

Error: 
0.04187

3D
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LOGO Phase coupling

phase coupling
Coupling correction

Phases: 
Fixed and coupled
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LOGO Applications

 Face recognition in 3-D.

 Quality control.

 Design and manufacturing by computer.

 Industrial inspection.

 Biomedicine and Robotic.

 Objects measurement .

 3-D reconstruction
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