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Modell with SNRin =-2.53 db

Model2 with SNRin=-1.1 db

Model3 with SNRin =-1.5db

Wavelet SNRout (db) SP (%) NR (%) SNRout(db) SP (%) NR (%) SNRout(db) SP (%) NR (%)
Coifl 6.30 79.450 61.4 12.050 95.160  78.040 10.650 97.820  74.350
Coif2 6.94 85.120  63.250 13.290 96.390  80.180 12.1 98.380  77.880
Coif3 7.14 85.360 62.730 13.450 97.080  81.230 11.670 98.9 78.440
Coif4 7.23 86.680  65.260 13.570 96.8 81.270 12.740 98.960 79.7
Coif5 7.17 85.420 63.4 13.710 96.880  82.110 12.560 99.3 80.220
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Wavelet Modell with SNRin =-2.53 db Model2 with SNRin =-1.1 db Model3 with SNRin =-1.5 db

SNRout (db) SP (%) NR (%) SNRout(db) SP (%) NR (%) SNRout(db) SP (%) NR (%)
syml 4.90 74370  57.150 9.90 91.530  70.160 8.55 93.030  68.020
sym2 6.08 77.380 61.630 12.2 94.740  78.250 10.890 96.330  76.110
sym3 6.45 77.880  62.480 12.4 94.880  78.860 11.660 96.630  78.180
sym4 6.39 78.490  64.610 12.690 95930 81.160 11.8 97.710  79.770
symb5 6.81 78.810  64.090 13.320 96.080  81.120 12.520 97.570 80.9
sym6 7.04 78.930  64.460 13.550 96.340  81.080 12.080 97.640  80.980
sym7 6.71 78.130  63.010 13.660 95.840 81.770 12.320 98.490  80.940
sym8 7.01 78.720  64.670 13.570 96.290  81.490 12.3 97.970  81.260
sym9 7.01 78.780 63.9 13.910 96.450  81.740 12.580 98.3 81.810
sym10 7.06 77980 63.610 13.450 96.180 81.9 12.430 98.460  81.870
symll 6.99 78.340  63.220 13.910 96.290 81.780 12.580 97.780  81.960
sym12 6.46 78.390  64.330 13.820 96.460 82.470 12.650 98.4 81.9
sym13 6.70 78.580  63.770 13.870 96.180 82.2 12.660 98.420 82510
syml4 7.10 79.020  64.240 13.750 96.710  82.020 12.480 98.330  82.640
syml5 6.93 78420  62.680 13.890 96.450  82.110 13.010 98.350  82.340
sym16 6.90 78420 64.210 13.520 96.310  81.680 13.4 98.210  82.560
syml7 6.80 78.270  63.520 14.430 96.540  82.680 13.440 98.560 82.7
sym18 6.99 78.050  63.070 13.990 96.450  82.120 12.9 98.150  82.630
sym19 6.79 78.050 63 14.260 97.3 85.140 13.499 98.160  82.640
sym20 6.66 78.460  63.560 14.410 96.620  82.920 13 98.560 83.110
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Modell with SNRin =-2.53 db

Model2 with SNRin=-1.1 db

Model3 with SNRin =-1.5db

Wavelet o\ pout (db) SP (%) NR (%) SNRout(db) SP(%) NR(%) SNRout(db) SP(%) NR (%)
dbl 4.86 87.970  67.250 9.91 91670  49.8 8.57 87.990  67.340
db2 5.77 90.180  71.260 11770 95760  64.010 10890  90.620  74.990
db3 6.10 90.470  70.060 12680 96610 67.710 11630  91.240  77.7
db4 6.13 90.950  71.340 13070 96330  69.270 11920  91.360  78.830
db5 6.35 90.280  71.490 13060 96720  71.090 12160 91580  80.150
db6 6.20 90.460  70.430 13460 96570  71.990 12.4 92190  80.220
db7 6.70 90.750  71.330 13710 97.140 72540 12390  91.950  80.450
db8 6.44 90.720 718 13670 96950  72.710 12390  92.280  80.380
db9 6.57 90.430  71.090 13220 96560  72.450 12680  91.910  80.560
db10 6.39 91.390  71.890 13450 96570  72.450 12580 92070 816
db11 6.26 90.230  69.190 13680 96970  72.480 12170 92480 81.310
db12 6.47 89.6  68.660 13930  96.850  72.310 126 92370 812
db13 6.45 89.740  68.690 13990  96.620  72.260 12730  91.890  81.410
db14 6.15 89.550  69.270 13570  96.650 72.210 13789 93230 81.180
db15 6.41 89.810  69.510 13720 96.780  72.470 13070 92560  81.470
db16 6.15 89.560  69.190 13020 94030  72.840 12610 92620 81570
db17 6.14 80.440  68.380 13.760 9.6  72.620 12950 92060  81.360
db18 6.50 895  68.620 13680  96.830  71.740 12850 92520 81710
db19 6.35 89.610  68.160 13890  96.930  71.430 12750 92430  81.540
db20 6.19 89.630 67570 13840 96750 71520 12850 92340 815

X copolanly gy Jlae! gl f Jpazr
Modell with SNRin =-2.53 db Model2 with SNRin =-1.1 db Model3 with SNRin =-1.5 db
SNRout (db) SP (%) NR (%) SNRout(db) SP (%) NR (%) SNRout(db) SP (%) NR (%)
f-x decon 1.87 50.5 18 10.4 877 654 7.21 798 656
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Wavelet Transform In seismic data processing, the processing steps are completely affected by the
Thresholding data quality. Reflection seismic data are often affected by various noises
Stein’s  Unbiased Risk Estimate including random and coherent noises. Low signal to noise ratio can produce
(SURE) problems for stacking and migration steps, which ultimately leads to poor
Linear Expansion of Thresholding interpretation. There are many methods that can be used for noise removal or
(LET) attenuation of seismic data. The basic assumption of the Fourier transform is

that it considers stationary signal, thus, for non-stationary signals, it is not
always applicable. Based on this fact that the wavelet transform decomposes a function by translation and stretching, it
can provide time-scale representation of a signal. In this paper, we have used SURE-LET method for noise removal in
the wavelet transform domain. In the SURE-LET method, any assumptions of noise free signals are avoided.

Introduction

The purpose of seismic data acquisition is to acquire data with the lowest possible noise level. The presence of noise in
seismic data is inevitable (Yilmaz, 2001). To improve the signal-to-noise ratio, we can use two approaches: first,
changing the seismic energy source or receiver array design and second, processing the seismic data for noise reduction.
Considering the source of energy is absorbed by the earth, the increase of seismic energy sources or weighted receiver
arrays is limited (Sheriff and Geldart, 1995). Therefore, reduction the noise in order to increase the signal to noise ratio
of seismic data is very important.

Morlet (1981) showed that by changing the width of the window, wavelet transform could provide better time-
frequency distribution. By wavelet transform, various denoising methods based on thresholding of wavelet coefficients
have been proposed. Donoho and Johnstone (1994) presented thresholding theory. Chang et al. (2000) presented Bayes
shrink method to remove noise. The sensitivity of the soft thresholding function (to the upper limit of the threshold) for
the minimization, does not give suitable results. Luisier et al. (2007), to optimize Stein’s Unbiased Risk Estimate
(SURE), used another principle, such that the noise attenuation to be expressed as a linear expansion of thresholding
(LET) functions. In fact, by combining the SURE and LET and solving a system of linear equations, the noise is
attenuated. SURE is an unbiased statistical estimate of the mean squared error (MSE) between an original unknown
signal and a processed version of its noisy observation. This estimate depends only on the observed data and does not
require any prior assumption on the noise-free signal (Luisier et al., 2010). Blu and Luisier (2007) presented SURE-
LET method based on pointwise thresholding function for image denoising. Luisier et al (2010) used SURE-LET
method for orthonormal wavelet domain video denoising.

Methodology and Approaches
Wavelet-based noise removal techniques including assumptions for the data are as follow (Luisier et al., 2007):

1. The statistical description of the distribution coefficients

2. Anon-linear estimation of statistical parameters,

3. Finding the best noise attenuation algorithms for a variety of statistics
For example, Chang et al. (2000), in The Bayes shrink approach, modeled wavelet coefficients of each sub-band with a
general Gaussian distribution (GGD). Then the threshold is obtained for each sub-band for the Bayesian framework.
For the SURE-LET method, the previous assumption of the noise-free signals is avoided. This method acts by
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calculating the unbiased estimates of the mean square error between the signal and denoised signal. There are other
methods using SURE approach. For example, the sensitivity of the soft thresholding function to the upper limit of the
threshold, in the minimization, does not give suitable results. Luisier et al. (2007) to optimize SURE, used another
principle so that the noise attenuation as a linear combination of denoising elements (LET) was expressed. In fact, by
combining the SURE and LET and solving a system of linear equations, the noise is attenuated.

Results and Conclusions

The SURE-LET method comprises of two main sections: noise attenuator that consists of the interscale LET, and then,
the linear parameters for minimizing of SURE between noisy and noise-free signals. Regarding secondary order
estimation (MSE), the parameters are improved easily by solving a LET. The results of this study shows that Symlets
and Coiflets provide better results using SURE-LET method for denoising non-stationary seismic signals.




