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Abstract For sparse representation of seismic data, simply treating the seismic data as picture is
not enough, considering the physical feature of the seismic data in the procedure is needed as
well. In this paper, we first study the seismic data sparse representation using the Dreamlet
transform. Combining with the dispersion relationship, we then extend the Dreamlet transform
to a multi-scale version. The Dreamlet transform is the tensor product of two 1D local harmonic
transforms, which can preserve the wave properties in seismic data while providing local
information in both time and space domain. 2D SEG-EAGE salt model synthetic poststack and
prestack data sets are used to demonstrate the validity of both the Dreamlet transform methods.

Using the reconstructed data for migration, we can still obtain a high quality image of the sub-salt
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structure in 2D SEG-EAGE salt model. Meanwhile, numerical tests on 2D SEG-EAGE salt model
synthetic prestack data show the potential in propagating the wavefield and imaging directly and

efficiently in the Dreamlet domain. The Dreamlet method can outperform the Curvelet method

especially for high compression ratios.
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Fig. 1 A single Beamlet atom obtained

by Local Cosine Basis

(a) An atom obtained by Local Cosine Basis in space domain;

(b) An atom obtained by Local Cosine Basis in wavenumber domain.
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to the blue, red, black squares in the coefficient matrix.
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Fig. 11 Reconstruction results after compression with threshold taking value as 2%
of the maximal coefficient after decomposition

(a) Dreamlet method; (b) Multi-scale Dreamlet method.
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Fig. 12 Depth migration result of original data set using LCB Beamlet migration method
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Fig. 13 Depth migration results of different decomposition under same thresholds, and the threshold takes value as 2%
of the maximal coefficient after decomposition. LCB Beamlet migration method is used to get the imaging results.
(a) 1D Beamlet method, CR=18.30:1; (b) Curvelet method, CR=15.03 :1; (¢) Deamlet method, CR=50. 32 :1;
(d) Multi-scale Deamlet method, CR=51. 81 :1.
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Fig. 14 Depth migration results of different decomposition under different CR.
LCB Beamlet migration method is used to get the imaging results.
From the left column to the right column, the decomposition methods are multi-scale transform, Curvelet transform, respectively. From
the first row to the last row, the CRs are 30 :1 and 50 : 1, respectively. Black circles and arrows show the difference between the results

of multi-scale Dreamlet method and Curvelet method.
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Fig. 15 Depth migration result of original data set using LCB Beamlet migration method
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Fig. 16  Depth migration results under different CR using Dreamlet method.

LCB Beamlet migration method is used to get the imaging results

(a) CR=21.04:1; (b) CR= 70.64:1.
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