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Using Wavelet Transform to Actualize S Transform Profilometry
Based on Structured Light Projection
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Abstract S transform is a time-frequency analysis technique which combines the advantages of both short-time
Fourier transform and wavelet transform. It maps a one-dimensional spatial signal into two-dimensional time-
frequency domain and has a perfect time-frequency resolution. S transform has direct relation with Fourier transform
and wavelet transform, and has the similar multiresolution ability of wavelet transform. It can be derived from
Fourier transform coefficient and wavelet transform coefficient of a signal respectively, but the key technology that
the implementation of S transform by wavelet analysis algorithm applied in three-dimensional optical measurements is
rarely related at present. Focusing on the implementation of S transform by wavelet analysis algorithm, the
application of S transform in three-dimensional optical measurement based on structured light projection is disussed,
especially the selection of the frequency factor in S transform for obtaining good reconstruction. The reconstructed
results of S transform profilometry based on fast Fourier transform and that based on wavelet transform are
compared. The computer simulations and experiments verify our analysis.
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Fig. 1 Schematic of the geometry
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Fig. 2 Waveform of wavelet when the scale

factor A is 4.0 or 4. 2
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Fig.3 Simulated object Fig. 4 64th row of deformed fringe pattern
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Fig. 5 Reconstruction result by S transform based on WT. (a) S transform spectrum of the 64th row of the deformed fringe

pattern; (b) reconstructed surface by S transform ridge method based on WT; (b) error distribution by S transform

ridge method based on WT
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Fig. 6 Reconstruction result by S transform based on WT when the scale interval equals 1/2. (a) Reconstructed surface;

(b) error distribution; (c) the 64th row of the reconstructed surface in Fig. 5(b); (d) the 64th row of the

reconstructed surface in Fig. 6(a)
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Fig. 7 Reconstruction result by FTP method. (a) Reconstructed surface; (b) error distribution
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Fig. 8 Reconstruction result by S transform ridge method based on FFT. (a) Reconstructed surface;

(b) error distribution
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Method 7e e 0. Result

S transform based on WT when the scale interval equal to 1/2 3.2489 0.5219 0.7841 Right
FFT 35.5589 0.6632 3.0910 False

S transform ridge method based on FFT 3.3417 0.5569 0. 8531 Right
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Fig. 10 Experimental results. (a) Reference fringe pattern taken by CCD; (b) deformed fringe pattern taken by CCD; (c)

reconstructed surface by FTP; (d) reconstructed surface by S transform ridge method based on FFT; (e)
reconstructed surface by S transform ridge method based on WT (without an appropriate scale interval) ;
() reconstructed surface by S transform ridge method based on WT when the scale interval equals 2
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