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| Abstract

| The determination of scalar magnitude distribution associated to refractive index such

I as temperature and pressure are of interest in many areas of engineering and science.
This determination using invasive techniques are slow, does not gives a complete

‘ distribution and modifies it when introducing a sensor. We propose a reconstruction

method based on optical tomography and wavelets that gives a complete distribution in

a faster way than invasive methods.
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DE LA ROSA MIRANDA ET AL.

In algebraic methods the diagram of projections is a linear transformation of the cross section of
the object to be reconstructed, i.e. is a matrix equation given by the matrix of projections; the
unknown vector, which consists of the image of the cross section and; the solution vector, which
corresponds to the projection [2-5].

In the case of selecting Gaussian functions, for optimum approximation, it requires, cf. [13]:
e Positioning the center of the Gaussian functions

¢ Control the width of each Gaussian function.

e Determine the Gaussian amplitude.

Using wavelets require only the control of the amplitude of each of the basis functions to achieve
a perfect reconstruction. The aim of this work is to obtain a fast numeric estimation of refractive
. smooth index from a wrapped phase, using wavelets as basis functions.

The next section of this paper refers to some concepts of reconstruction in optical tomography.
Also some useful definitions in the interpretation of interferograms of axis symmetric PO are
introduced. After this, the proposed numerical method is described and compared with a classical
method. Also, an example is presents by means of a numerical simulation of a phase object and
the technique was applied to a low concentration sodium chloride solution. Finally, conclusions
are given in the last section.

Optical tomography

Interferometric techniques are used to measure physical quantities [1,6], such as temperature,
pressure or strain. All of them are associated with the distribution of the refractive index; these
techniques produce a fringes pattern modulated by wvariations in the refractive index. The
intensity of an interferogram can be represented by the expression

I, =a, +b, cos[2z fx+¢,]®p, (1)

where = (x,y) are spatial coordinates, a, is the backlight, 5_ is the amplitude modulation and
¢, the phase of the wave front associated with the refractive index; f; is the frequency of the
carrier [7] and p, represents the noise. The symbol @ indicates that noise can be additive or
multiplicative. In the case of speckle pattern interferometry (SPI) or a single path interferometry,
noise is multiplicative [1,5]. When the noise is significant it is necessary to use some filtering
methods [18]. In many cases and particularly in this work, both a, and b, vary slowly. Then the
fringes pattern can be described by

I :cos[¢,]+ 0, (2)

The phase is wrapped when a method such as Takeda [7] for recovering the phase is applied.
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DE LA ROSA MIRANDA ET AL.

where n, is the refractive index of the surrounding medium and A(S.77) is related to the phase

#(x,y) in the plain of the projection through the transformation

2r
P(x, ) =—A(&,77) (10)
A

In the particular case of a radially symmetrical PO and considering a section of it (illustrated in
Figure 2), Equation (7) can be expressed in terms of the Abel transform, At [1], as

A(E)= A&, = cte) = Aln(r)} = 2 j["“’ Do f ar (11)

where ris the radial coordinate given by

projection

sumina ray

Figure 2: The Abel Transform applied on a section of a phase object.
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DE LA ROSA MIRANDA ET AL.

The interferograms show that the concentration of sodium chloride is homogeneous in the water.

Using the proposed method, the refractive index is estimated (shown in Figure 7).

n(ry-no

x 10"
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Figure 3: Phase object test and projected wrapped phase
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Figure 4: One dimension synthetic reconstruction
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DE LA ROSA MIRANDA ET AL.

(a) (b)
Figure 6: Interferograms obtained from two different water sample with very low sodium chloride
concentrations. The concentration of sample (a) is lower than the concentration of sample (b).

‘ Estimated refraction Index

mm 0 iR

Figure 7: The solution refractive index average is about 1.33.
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