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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..
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v’;‘@)\ 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.,
3019§8}
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:@\ Interferometry
-]

It Is an optical technique which combines the light from
different issuers
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:—‘3)\ Interferometer
-]

It Is an Iinstrument that employs the interference of
light’'s waves to measure accurately the wavelengths
of light itself
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@ B Nichelson’s Interferometer
]

» Closed-fringes(cosine profile)
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@\ Young’'s Interferometer
]

= Open-Fringes.
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@\ Fringes projection
]

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

1 (X, y)= a(x,y)+b(X,y) cos(wW, X + W,y +¢(X,y) +17(X,Y))

a(x,y) = background illumination
b(X,y) = modulation amplitude
W, X, W, Yy = carrier frequency In directions x and y

@(X,Y)= related term to the physical quantity being
measured

17 (X, ¥) = noise additive to the phase
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Example of phase

4(x, y) = —0.7316x— 2801y +0.00065x
+0.00036xy —0.0372y
WY +0.000212x° +0.00272x%y
+0.001xy2 — 0,002y
+0.000012x* +0.00015x°y
~0.00023x°y” +0.00011xy°
+0.000086y"
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:@\ echniques for recovering phase
]

. Direct Phase
. Fourier method
m Phase-locked-loop
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Direct Phase

cos(w,x)
Filtro ¢
pasa-bajas
| |
arctan(S/C) Desenvol.
l de fase
3
Filtre
X pasa-bajas
S
sen(,x)

15 (X, y) = a(x,y) sen(ewo X) +b(x, y)sen(4(x,y)) o]
+ b(X,y)sen(2 wo X+ o(X,Y)) , =) H(Xy) = tan™ (H[Is(x, z)]j
1. (X, y) = a(x,y) cos(wo X)+b(X,y)cos(s(x,y)) X
+ b(X,y)cos(2 wo X+ ¢(X,Y))
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@\ Fourier method
]

(11
mnimmmmmll W qu FFT |[— _~ /i\ﬂ
| ' '
'
- Desenvol.| o — -1
de fas‘;: FET

1(f.y) = A(fy)+C(f = y)+C (f+1,y) ,

c(x,y) = ;b<x, y) et |
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@\ Phase-locked-loop
-]

Multiplier

cos[w,X + ¢.(x)] 4@—;‘

sinfw,x + ¢,(x)]

a,(x} - ¢,(x)
Low pass
filter >
VCO

P(x+1,Y)=¢ (X, y) - [I(x+1,y)- 1(x,y)]xsin2 7 f,x + ¢ (x y)] |
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:@\ Particle Swarm Optimization
I

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.
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Function fithess

a1
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:@\ Function fithess
]

= Function to optimize

R C
ffitness(zk) =a— Z Z (I (X! y) _ COS(WXX + Wyy + fajuste(z’ X, y))2 +
y=1 x=1

ﬂ’[ 1:ajuste(zi X, y) B fajuste(Z’ x—1, y))2 +

( fajuste(21 X, y) o 1:ajuste(zl X, Y —1))2]m(X, y)

fajuste(z,x,y): Zo+Z X+ 2,V +Z X +Z, XY +Z Y2 + 2, X 42 X7y + 2 xy? +

3 3 2. 2 3 4 4
Ly T2, XY HZ )XY +Z XY +2,.X +2,,Y
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Differential evolution

Terminos del Polinomio: Interferograma Configuracion Escala:
; Escal ixeles): X 20 N 20
128 |+[ 127 [*(Cosk o0 |+[-0.7316)x+[-0.2801 v+ H 2tdlas (BCIES) 20 .20 |
g Zoom: [3| X
0.0065 [XA24 00036 X¥+-0.0372 [¥A240.00212 ¥ 3+ =
| 24 36 PYA-0:0372 [f 2 I Rango Interferograma: | -1| <=X=<= | 1

[0.00272 pA2y+| 0.001 pyA2+| -0.002 [¥4341.2e-005x 4+
[0.00015 }*3y+[0.00023[X42*¥A2+40.00011 yA3+
® Algortimo Genético? Yentanas Dinamicas

A -
.000086 [¥44] 0.5 ) ) Yentanas estaticas

Terminos del Polinomio Recuperado: lnter:sro rama Recuperado

128.0/+[127.0| * (Cos K47177|+|-0.9777 [x+ [0.44233|y+

[0.00416 X424 -7 BE-4 XY 4-0.04668[¥/240.00504 [}"3+

Recuperar mediante:

[ 0.0029 [XA2y+[0.00311 p¥A2+[0.00115/yA34 1.4E-4 |4+

[ 3.6E-4 [}"3y+[-6.5E-4 [xA2*yA24 1 9E-4 [yA3+

o -\
[ 2.9E-4 ¥+ 05 ) S 3.0 —
o 2.5 R cpee
* .l
Tiempo: 1:06.945 f: oo
Particle Swarm Optimization: 1.0
0.5

Datos de entrada Algoritmo Genetica  Controla Interferograma:

Numero de Iteraciones: 300 Lambda: 0 Error: | .025 o 50 100 150 200 250 300

Numero de Particulas: 80 GENERACIONES

Maxima Velocidad: 0.0003
Inerciaz | 0.3
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Recovery phase
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vt@)\ Conclusion




-t.@)\ Applications

= Face recognition in 3-D.

= Quality control.

= Design and manufacturing by computer.
* |ndustrial inspection.

= Biomedicine and Robotic.

= Objects measurement .

= 3-D reconstruction
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