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Abstract — The paper presents and discusses a novel method for reconstructing of surface topology from only one white light interferogram picture. Main idea of proposed method is reversal of an interferometry channel transform function and applying computationally simple methods of polynomial approximation for single segments of white light interferogram. The polynomial coefficients are computed at the calibration stage. A computational complexity and reconstruction errors of this method was evaluated. Research has shown that this method combines the high computational efficiency and accuracy. Also the implementation of this method on the FPGA platform is presented.
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I. Introduction

In many branches of science and technology, there is an urgent need to measure surface parameters, such as profile, concavity, roughness and so on [1,2,3]. White Light Interferometry (WLI) is one of the prospect methods to perform similar measurement. Advantages of WLI are: the absence of contact with the tested object, sub-micrometric lateral resolution and the possibility of measuring the height at the nanometer scale [4,5].

In contrast to conventional monochromatic light (laser) interferometry, analysis of a white light interferogram for the surface topology reconstruction is more complicated. This is caused by an envelope effect influencing the signal intensity. Currently, a number of reconstruction methods have been developed, for example the method of envelope detection or determination of maximum intensity in the spatial domain, the phase-shifting method, or the Fourier transform in the frequency domain [6,7]. However, such methods are not effective in many cases, e.g. for surfaces with non-linear shapes [8].

The aim of the paper is presentation of new for method for surface topology reconstruction in white light interferometry based on computationally simple methods of polynomial approximation.

II. Mathematical Model of WLI and Essence of Reconstructing Task

Interferometric pattern is arising as a result from the imposition of waves reflected from the test surface and reference mirror. Strengthening and weakening the resulting waves are caused of the optical path difference of light rays.

The WLI mathematical model can be represented by following equations [9]:
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where:
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I0 and IM – respectively constant component and amplitude of light intensity envelope;

T – optical difference of paths;

α and β – parameters of the light source;

λ0 and Δλ – middle wavelength and width of spectral density of white light source.

The mathematical model links the optical path difference T with pixel intensity I in each point (n,m) of interferometric pattern. Thus interferometric image (2D) is a set of the individual pixels, namely matrix of size Rows × Columns. The reconstruction stage aims to define parameter T from interferogram (according to equation 1) which is proportional to topology of measured surface.
III. Method of Surface Reconstruction Based on Segmental Approximation
In this paper has been studied two types of surfaces, namely linear tilted and spherical. The choice of these surfaces was made in order to investigate influence of nonlinearity on white light interferograms.

The WLI images of tilted (a) and spherical (b) surfaces have been simulated in MatLab based on mathematical model (1). Figure 1 represents these interferograms. The synthesis has been accomplished for such parameters of a white light source: λ0 = 620 nm, Δλ = 50 nm.
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Figure 1.  WLI images (left) and central row intensity signals (right) of tilted (а) and spherical (b) surfaces

Figure 1 shows that the intensity signal І(n) is significantly different for flat and spherical surfaces, thus it depends on the shape of the surface.

Opposed to this, the dependency between interferogram signal and optical difference is same for any type of the surface shape. This fact was used as main idea to develop method of segmental approximation. As follows from the statement above parameters from the interferogram measured on the linear surface can be applied to a spherical surface or any other surface [10].
Each of interferogram segment can be approximated by a polynomial:
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so a reconstructing of surface profile requires finding the roots T of a polynomial, what is the calculating-complicated issue.

Instead, the task of reconstruction significantly simplified by the using of inverse to I(T) function (Fig. 2). Finding informative parameter T demands a computing of the approximating function values:
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Figure 2.  Functional dependency informative parameter Т on intensity I of interferogram pixels

Shown in Fig. 2 function T(I) is a multivalue function with variable domain values of the argument T in different segments. These circumstances complicate the task of polynomial approximation of T(I). So approximation must be made for each segment of Tk(I). A segment is a stretch of functions within changing values of the argument I. Segmentation of multivalue function T(I) is conveniently reduced to finding local extremes of the direct registered intensity signal I(T) (Fig. 3).
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Figure 3.  Signal intensity segmentation
This approach enables to approximate a fragment of profile on the surface (whose parameters are known) and subsequently use these results of approximation for any other surface of unknown shape. This looks like a calibration of interferometer channel therefore the parameters of the light source should be identical during calibration and measurement.

Each segment of optical path difference is approximated separately by polynomial:
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where IC - intensity signal during calibration;

a0 ... aN - polynomial coefficients.

Polynomial coefficients can be determined from the conditions of minimizing of approximation error:
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where n - number of sample signal.

Research results have demonstrated that the WLI segment approximation by the 3-rd order polynomials is provided requisite reconstruction accuracy. Based on invariance of intensity signal to optical path difference, profile of researched surface can be reconstructed by polynomial with coefficients determined during calibration:
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where І - the signal intensity of investigated surface;

a0…a3 - the polynomial coefficients obtained on the calibration stage.

In the paper [11] metrological properties of method have been investigated. In order to omit external destabilizing factors, reconstruction errors have been estimated on synthesized surfaces presented on fig. 1. Following results have been achieved: error of reconstruction of tilted surface doesn’t exceed 0.2 %, and root-mean-square error is ~ 0.05 %, а for spherical surface boundary error rises to ~ 1 %, and root-mean-square error to 0.2 %.
Thus, block-schema of the surface reconstruction method based on approximation of signal intensity computing segment is presented in Fig. 5. During interferometer channel calibration is registered interferogram obtained on surface with known parameters. Further this interferogram is divided by segments and polynomial (approximation) coefficients for each segment are calculated of the formula (4).
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Figure 4.  The sequence of computations to reconstruct the surface profile by segmental approximation method

To evaluate the computing effectiveness of this method is need to take into account the number of additions and multiplications, which occurs during measurement only. Thus, the number of multiplications and additions needed for the reconstruction of one pixel of investigated surface by using proposed method is equal
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where p = 3 – the order of approximate polynomial.

IV. Inplementing the Proposed Method on FPGA

The segment approximation method can be implemented on various platforms, such as GPU, FPGA or DSP. It can be computed in parallel, independently for each pixel of interferogram. It is also very simple in terms of computational performance (number of multiplications) and prototyping.
Figure 5 represents example of realization of proposed surface reconstructing method on FPGA. The registered on CCD-camera WLI images primarily are being thinning and de-noising 


[image: image17.emf]CCD

FPGA

PC

USB

Thinning

 of frames

Unnoised of 

interferograms

Surface

reconstructing

Data

transfer

Topology

vizualization


Figure 5.  Implementation of the proposed method on FPGA platform

Registered by CCD-camera WLI images first of all have to be weeded and denoised. Then, the preprocessed in such way is used for reconstruction of surface topology by the segment approximation method. Finally, the reconstructed data is transferred through the USB port to a PC for visualization.

V. Conclusions

A novel high efficiency reconstruction method of complex topology surfaces based on invariance of WLI from optical path difference has been proposed in the paper. The main idea of this method is reversal of an interferometry channel transformation function and applying computationally simple methods of polynomial approximation for individual white light interferogram segments. Research has shown that this method combines the highest computational efficiency and accuracy. In addition to high computing efficiency this method is suitable for parallelization by the points and provides sufficient accuracy for interferometric measuring.
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