Introduction
Since first introduced by Taner et al. (1979), the concept of complex seismic trace has been widely
used as one of the most fundamental tools for 2D/3D seismic data interpretation (e.g., Barnes (1996)).
Theoretically, for a given seismic trace x(t), the associated complex trace z(t) is generated by performing
the Hilbert transform on x(t), often denoted as z(t) = x(t) + jy(t), where y(t) is the quadrature trace of
x(t). From the defined complex trace, a suite of mathematics quantities (or seismic attributes) can
be extracted for assisting seismic data analysis, such as instantaneous amplitude, instantaneous phase,
instantaneous frequency. In practice, however, these attributes and their derivatives tend to be highly
sensitive to noise present in seismic data. Traditionally, such limitation is overcome by using a larger
processing window to generate these attributes or by post-processing techniques such as filtering and
weighted averaging (Barnes (2007); Di and Gao (2014)). Although such approaches might help in
reducing the noise as well as the associated artifacts, the resolution of the generated attribute is often
badly affected with the small-scale seismic features undesirably ignored.
In this work, we propose a new workflow, namely, multiscale fusion for seismic attribute analysis to
enhance the resolution of these instantaneous attributes. The proposed workflow consists of two components. First, we use the Gaussian pyramid to represent a seismic section at different scales, each of which
exploits seismic features at different resolutions. Second, instantaneous attributes are generated from all
scales of the pyramid and then fused together through various operators, such as mean and median. We
show in the results section that our proposed method is superior to the traditional methods in terms of
attribute quality and noise reduction.

Method
Multiscale analysis has been widely used in image processing for different applications such as image
representation, coding, compression, analysis and detection (e.g. Adelson and Burt (1980); Burt and
Adelson (1983); Adelson et al. (1984)). The idea of multiscale analysis is to exploit features in an
image at different scales or resolutions. The Gaussian pyramid is one of the classical techniques used
in multiscale analysis. Given an image, f0 [m, n], of size M × N as scale 0 of the pyramid, scale 1 of the
pyramid, f1 [m, n], is computed by blurring f0 [m, n] with a Gaussian kernel then subsampling by a factor
of 2. Similarly, the process is repeated for subsequent scales as follows:
fi [m, n] =

∑

g[k, l] fi−1 [2m + k, 2n + l],

(1)

∀k,l∈S

where g[k, l] is a Gaussian kernel define over S. Note that the dimensions of the image is reduced by
× 2Ni . The Gaussian kernel serves as a low-pass
half as we go up the pyramid, i.e. size of fi [m, n] is M
2i
filter. The purpose of the subsampling step is to generate an abstract representation and omit redundant
information. An illustration of a 4-scale Gaussian pyramid is shown in Figure 1. Note that images at
scales 1,2 and 3 have been resized to be of the same size as scale 0 for visualization purposes only.
As shown in Figure 1, we notice the blurring effect clearly as we go up the Gaussian pyramid, which
removes small-scale noise and preserves large-scale features.

(a) Scale 0

(b) Scale 1

(c) Scale 2

(d) Scale 3

Figure 1: First 4 scales of the Gaussian pyramid of inline 349.

Next, we use the Gaussian pyramid to compute the attributes as illustrated in Figure 2. We expect
attribute at higher scales of the pyramid to have lower resolution with little details. On the other hand,
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lower scales of the pyramid produce detailed, but nosier, attributes. A multiscale fusion step is needed to
combine the attributes at different scales into a single enhanced attribute. The multiscale fusion requires
that the attributes are of the same size. Therefore, attributes at all scales will be resized to M × N by
interpolation prior to fusion. Note that the attribute at scale 0 is the original attribute computed by the
conventional method.
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Figure 2: Workflow of the proposed method using a 4-level Gaussian pyramid with median fusion.

The multiscale fusion step can be interpreted as a filter in the pyramid (or scale) as opposed to the
conventional methods where filters are applied spatially. For example, if we use a K-level Gaussian
pyramid then each sample in the input seismic section will have K corresponding attribute samples; one
sample from each scale. These K samples will be fused to obtain a single representative attribute sample
by means of a simple average, a weighted average, or a rank filter. Let A0 [m, n], A1 [m, n], . . . , AK−1 [m, n]
be the resized attributes generated from f0 [m, n], f1 [m, n], . . . , fK [m, n], respectively. The mean-fused
attribute is calculated as,
1 K−1
AMean [m, n] = ∑ Ai [m, n]
(2)
K i=0
In addition to the mean fusion, we can define a weighted mean fusion to emphasize features from certain
scales. For instance, we use a weighted average filter such that the weights increase as we go down the
pyramid to give more weight to high-resolution scales as follows:
AWeightedMean [m, n] =

1 K−1
∑ αi Ai [m, n],
K i=0

where αi ≤ αi+1 ∀ i = 0, 1, . . . , K − 1 and ∑K−1
i=0 αi = 1. In this work, we defined αi =
K−1 1
c = ∑ j=0 j+1 is a normalization factor for the weights to add up to 1.

(3)

1 1
c i+1

where

We can also use nonlinear operators for multiscale fusion such as rank filters. An example of a rank
filter that is typically used for noise reduction is the median filter. Median fusion is defined as follow:
AMedian [m, n] = Median {A0 [m, n], A1 [m, n], . . . , AK−1 [m, n]} .
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(4)

Results
The proposed multiscale fusion workflow was applied to the F3 seismic volume over the Netherlands
North Sea to demonstrate its capability in improving attribute resolution. Figure 3 shows the original
seismic amplitude of inline 349. Among all attribute derived from the complex seismic traces of inline
349, we computed the corresponding cosine of phase attribute (Figure 4) and phase dip attribute (Figure
5), both of which are routinely used in seismic interpretation. Compared to the original attribute shown
in figures 5(a) and 5(a)), the proposed workflow helps greatly in enhancing the signal-over-noise ratio.
Such improved quality of both attributes could further contribute to the interpretation of seismic features
(e.g., faults and salt domes). In addition, the proposed workflow can be used to enhance other seismic
attributes such as curvature and coherence.

Figure 3: Inline 349 from The Netherlands offshore F3 block.

(a) Original attribute.

(b) Multiscale attribute with mean fusion.

(c) Multiscale attribute with weighted mean fusion.

(d) Multiscale attribute with median fusion.

Figure 4: Cosine of the phase attribute computed for the seismic section in Figure 3 using the conventional method (a) and the proposed multiscale method (b),(c) and (d).
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(a) Original attribute.

(b) Multiscale attribute with mean fusion.

(c) Multiscale attribute with weighted mean fusion.

(d) Multiscale attribute with median fusion.

Figure 5: Phase dip attribute computed for the seismic section in Figure 3 using the conventional method
(a) and the proposed multiscale method (b),(c) and (d).

Conclusions
We have presented an innovative workflow for improved instantaneous attribute analysis, namely multiscale fusion which is capable of enhancing the resolution of commonly used attributes derived from the
complex seismic trace (e.g., cosine of phase, phase dip). Such improvement has been verified through
applications to the F3 block, in which the high-frequency noise was successfully suppressed without
affecting small-scale seismic features. We conclude that, in addition the improving instantaneous attributes, the proposed workflow is also applicable to other seismic attributes, such as coherence and
curvature.
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