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Abstract: In this work, we propose a particle Swarm Optimization approach to Log-Gabor
filtering in Fourier transform profilometry. Encouraging experimental results show the
advantage of the proposed method.
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1. Introduction

Fourier transform profilometry (FTP) is still a widely used technique for fringe analysis. The FTP method relies on the
Fourier Transform (FT) to extract the phase information of the fringe pattern by filtering the signal in the frequency
domain [1]. The filter design plays an important role in the measurement accuracy. If the zero frequency component and
the high order spectra component interfere with the useful fundamental spectra, the reconstruction precision of FTP
decreases. Recently, some authors have successfully applied optimization techniques for filtering in fringe analysis
algorithms [2, 3]. In view of the developing trend, we propose a particle swarm optimization (PSO) [4] approach to
Log-Gabor filtering to achieve a more accurate extraction of the first-order spectrum in FTP.

2. Proposed method

2D Log-Gabor filters are constructed in terms of two components: radial and angular filters, H(r,θ) = Hr(r) ·Hθ (θ),
given by,
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where (r,θ) represents the polar coordinates, f0 is the central frequency, θ0 is the orientation angle, σr is the standard
deviation of the radial filter and σθ is the standard deviation of the angular filter. σr and σθ determinate the scale
and angular bandwidth, respectively. In the PSO algorithm, at the n-th iteration, the i-th particle can be described as
x̂i(n) = [xi, f0(n),xi,θ0(n),xi,σr(n),xi,σθ

(n)]. This particle moves around the multi-dimensional search space comparing
its current objective function with its individual best function result so far, pbi(n). The global best gb(n) is determined
such that fob j(gb(n))≤ fob j(pbi(n)). Our approach is based on a phase residue analysis [5]. The algorithm focuses on
finding the optimal filter in such a way that the presence of phase residues is minimized.

3. Experiments and results

The test object is the palm of a subject, its fringe image and FT spectrum are shown in Fig. 1(a) and Fig. 1(b),
respectively. In this application, errors in phase retrieval can be attributed to the skin structural changes. Notice slight
specular reflections on the bottom right corner of the image and a partial obscuration along palm lines. Also, the fringe
width changes throughout the image due to the object topography and the system configuration. The order +1 of the
spectrum is relatively close to the 0th-order, and spreads. These circumstances may lead to failures if the filter is not
designed properly. The results are shown in Fig. 1(b)-(f). The optimized filter is compared against the conventional
Hanning filter, which despite being heavily used in FTP is known to miss or add spectrum data during filtering. Notice
that the filter covers a range of frequencies larger than the Hanning filter, even approaching slightly the 0th-order.
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Fig. 1. (a) Acquired fringe image. (b) Fourier transform spectrum. (c) 3D reconstruction and
(d) wrapped phase map by applying the Hanning filter. (e) 3D reconstruction and (f) wrapped phase
map obtained using the proposed method.

This may be due to low frequencies which are part of the topography missed by the Hanning filter. Phase residues
are plotted as red dots on top of the wrapped phase images. The optimized filter significantly reduces the number of
residues as compared to the Hanning filter result. The 3D reconstruction using the optimized filter shows a much more
accurate reconstruction including regions where phase retrieval errors were found using the Hanning filter.

4. Conclusions

In this work we have proposed a particle swarm optimization approach to Log-Gabor filtering to achieve a more
accurate extraction of the first-order spectrum in Fourier Transform Profilometry. Results shows the effectiveness of
the proposed method for removing phase residues introduced during the filtering stage.
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