Phase Unwrapping using a surface mesh with constraints

J. G. Arceo-Olague®, L. R. Berriel-Valdos?, E. de la Rosa Miranda®, E. Gonzalez-Ramirez®, C.
A. Olvera-Olvera® Tonatiuh Saucedo Anaya®, J. J. Villa-Hernandez °, Ismael de la Rosa
Vargas?,

Unidad Académica de Ingenieria Eléctrica, Universidad Auténoma de Zacatecas, Antiguo
Camino a la Bufa No. 1, Col. Centro. C. P. 98000, Zacatecas, Zac. México

bDepartamento de ()ptica, Instituto Nacional de Astrofisica, Optica y Electrénica, Luis
Enrique Erro No. 1, Santa Maria Tonantzintla, San Andrés Cholula, C.P. 72840, Puebla,
México
¢Unidad Académica de Fisica,Universidad Auténoma de Zacatecas, Antiguo Camino a la Bufa
No. 1, Col. Centro. C. P. 98000, Zacatecas, Zac. México

ABSTRACT

Phase unwrapping is an intermediate step for interferogram analysis. A smooth phase associated with an
interferogram can be estimated using a curve mesh of functions. Each of these functions can be approximated
by a linear combination of basis functions. In some cases constraints are needed to solve the phase unwrapping
problem, for example, when estimated values never can be negative. In this work it is proposed a method for
phase unwrapping using a set of functions in a mesh which are lineal combinations of Chebyshev polynomials.
Results show good performance when applied to noisy and noiseless synthetic images.
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1. INTRODUCCTION

Interferometric methods are widely used to measure physical magnitudes such as deformation, stress, temper-
ature, etc."’? in a non destructive and non invasive way. These magnitudes modulate a fringes pattern called
interferogram which contains the information about the related physical magnitude. Demodulation is necessary
to recover the phase data that are related to these magnitudes.

Standard techniques for phase recovery such as Fourier based,? phase stepping? or regularization®” methods,
provide a non-continuous phase wrapped in the interval (—m, 7]. This phase needs to be unwrapped as a step to
carry out the measurement process of physical magnitudes. It is common to find phase inconsistences or noise
that can make the unwrapping process a difficult task. The application of path dependent algorithms® improves
the unwrapping process but does not always provide reliable results. A robust alternative for many cases is
the least-squares approach, described in matrix form by Hunt.? Another robust algorithm is that proposed
by Ghiglia and Romero'® to find a solution in the presence of path-integral phase inconsistencies. The above
mentioned methods have long processing time and computational complexity that make them inconvenient for
many practical applications. When the phase is smooth, the processing time to solve the phase unwrapping
problem can be shortened by using a linear combination of basis functions.!! In this paper we propose a
curve mesh to estimate the unwrapped phase where each mesh curve is a linear combination of Chebyshev
polynomials. The unknown weights in the linear combination are described in a typical matrix form allowing
the matrix inversion using direct method.!?

Further author information:
E. Gonzalez-Ramirez: gonzalez_efren@hotmail.com
J. G. Arceo-Olague: arceojg@hotmail.com
L. R. Berriel-Valdos: berval@inaoep.mx, Telephone: +52 222 26 31 00 - Ext 1220

Interferometry XVII: Techniques and Analysis, edited by Katherine Creath, Jan Burke, Joanna Schmit,
Proc. of SPIE Vol. 9203, 920313 - © 2014 SPIE - CCC code: 0277-786X/14/$18
doi: 10.1117/12.2063415

Proc. of SPIE Vol. 9203 920313-1

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 09/02/2014 Terms of Use: http://spiedl.org/terms



