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ABSTRACT: We have studied a denoising technique involving wavelet transform for improving the quality
of geophysical data during the preprocessing stage. To assess the effectiveness of this technique, we have made
synthetic data contaminated by random noises and compared the resulis of denoising with those obtained by
conventional low-pass filtering. The low-pass filtering of the sinusoidal signal having a sharp discontinuity between
the first and last sample values shows apparent errors related to Gibbs’ phenomena. For the case of bump signal,
the low-pass filtering induces maximum errors on peak values by removing some high-frequency components
of signal itself. The wavelet transform technique, however, denoises these signals with much less adverse effects
owing to its pertinent properties on locality of wavelet and easy discrimination of noise and signal in the wavelet
domain. The field data of gravity tide are denoised by using soft threshold, which shrinked all the wavelet
coefficients toward the origin, and the G-factor is determined by comparing the denoised data and theoretical
data.

Key words: wavelet transform, soft threshold, low-pass filter, Gibbs’ phenomenon
(Rim, Hyoung-Rea and Kwon, Byung-Doo, Department of Earth Science, Seoul National University, Seoul,
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Fig. 1. Mallat’s pyramid algorithm for wavelet
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Table 1. Filter coefficients of Symmlet wavelet (I = 8)
(Mallat, 1998).

n h(n) n h(n)

0 0.0019 0.7772
1 -0.0003 9 04814
2 -0.0150 10 -0.0613
3 0.0038 11 -0.1433
4 0.0491 12 0.0076
5 -0.0272 13 0.0317
6 -0.0519 14 -0.0005
7 0.3644 15 -0.0034
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Fig. 2. Synthetic sine signal and coefficients of wavelet transform: (a) Original sine signal, (b) Random noise added
to sine signal, (c) Coefficients of wavelet transform of the noisy signal, and (d) Coefficients of wavelet transform

of denoised signal after soft threshold.
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Table 2. Error comparison of denoised data with lowpass filter and wavelet transform.

Sinusoidal signal data

Error
RMS
Max

lowpass filter wavelet
0.44 0.10
8.38 4.86
-1.50 -2.09

Bump signal data
lowpass filter wavelet
8.50 0.61
4.78 542
-30.90 -4.52
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Fig. 3. Comparison of errors of low-pass filter and soft thresholding applied to the noisy sine signal: (a) Denoised
signal by low-pass filtering, (b) Denoised signal by soft thresholding, (¢) Low-pass filtering error, and (d) Soft

thresholding error.
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Fig. 4. Synthetic bump signal and coefficients of wavelet transform: (a) Original bump signal, (b) Random noise added
to bump signal, (c) Coefficients of wavelet transform of the noisy signal, and (d) Coefficients of wavelet transform
of denoised signal after soft thresholding.
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