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SUMMARY

In this abstract, we propose a multiscale fusion technique to
enhance seismic geometric attributes, such as dip and curva-
ture, which are very sensitive to noise present in seismic data.
For a give seismic section, first, we construct a Gaussian pyra-
mid that allows us to generate the seismic attribute at different
resolutions (scales). Then, all attributes at the different scales
are fused together to form the proposed multiscale enhanced
attribute. Applications to the 3D seismic dataset over the Great
South Basin in New Zealand demonstrate that the proposed
method is capable of improving both the resolution and noise
robustness of the first-order dip and the second-order curvature
attributes, compared to existing methods and algorithm. Such
improvement indicates the great potential of our multiscale fu-
sion technique for enhancing the quality of more multitrace
seismic attributes, such as coherence, flexure, and GLCM.

INTRODUCTION

Seismic geometric attribute (e.g., coherence, dip, and curva-
ture) have been routinely employed in the process of 3D seis-
mic interpretation for the purpose of structure delineation and
fault detection. However, such attributes are known to be very
sensitive to noise traditionally present in seismic data, espe-
cially the first-order dip and the second-order curvature at-
tributes. For example, the dip attribute could be estimated in
various approaches as summarized by Marfurt (2006). One
of these approaches is the phase dip (Barnes (1996)) which
is considered most computational efficient based on the the-
ory of the complex seismic trace analysis (Taner et al. (1979)).
However, such algorithm involves a suite of 1st order differ-
entiation of seismic signals, which in turn boosts the noise
levels as illustrated in Figure 1. Noisy attributes are tradi-
tionally enhanced using larger analysis windows or by post-
processing filtering (Barnes (2007); Di and Gao (2014)). In
practice, while reducing the noise and the associated artifacts,
these techniques also undesirably compromise the resolution
of the processed attribute, rendering small-scale features invis-
ible from the attribute images.
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Figure 1: A clean trace, a noisy trace, and their derivatives.

To overcome such limitation, in this work we propose imple-

menting multiscale fusion to enhance the resolution of seismic
geometric attributes (e.g., dip and curvature). The proposed
enhancement workflow is threefold. First, a Gaussian pyramid
is constructed to represent a seismic section at different scales,
each of which exploits seismic features at different resolutions.
Second, seismic attribute extraction is performed on each scale
of the pyramid. Third, attributes from all scales of the pyramid
are fused to form a multiscale attribute. In the result section,
we test the proposed workflow on the 3D seismic dataset over
the Great South Basin in New Zealand.

METHODS

In image processing, multiscale analysis methods refer to the
representation of an image at different resolution levels, each
of which comprises features of the same scale in terms of size.
These methods have been widely used in image processing for
a broad spectrum of applications such as image coding, com-
pression, analysis and detection (e.g. Adelson and Burt (1980);
Burt and Adelson (1983)). Pyramid representation is one of
the classical methods used in multiscale analysis which gave
rise to scale-space theory and other multiscale signal repre-
sentations. The Gaussian pyramid, the Laplacian pyramid and
steerable pyramid (Adelson et al. (1984); Simoncelli and Free-
man (1995)), are examples of such pyramid representations.

In this work, we utilize the Gaussian pyramid as an efficient
multiscale analysis tool to exploit features of different sizes in
a seismic section. For a 2D seismic section f0[m,n] ∈ RM×N ,
the K-scale Gaussian pyramid is constructed as follows. f0[m,n]
is set as scale 0 of the pyramid which represents the full resolu-
tion scale. Then, scale 1 of the pyramid, f1[m,n], is computed
by blurring f0[m,n] with a Gaussian kernel then downsampling
by a factor of 2. The remaining scale are generated in a similar
fashion. The Gaussian pyramid construction is formulated in
equation 1.

fi[m,n] =
∑
∀k,l∈S

g[k, l] fi−1[2m+ k,2n+ l], (1)

where g[k, l] is a Gaussian kernel defined over a region S as
follows,

g[m,n] =
1

2πσ2 exp
(
−m2 +n2

2σ2

)
, ∀[m,n] ∈ S (2)

A typical choice of S is a rectangular support of size 5×5. An
example of a Gaussian Kernel with unit standard deviation is
shown in Figure 2.

An illustration of a 4-scale Gaussian pyramid of a seismic sec-
tion is shown in Figure 3. Note that the dimensions of the
image is reduced by a factor of two as we go up the pyramid,
i.e. size of fi[m,n] ∈ R

M
2i × N

2i . The Gaussian kernel serves as a



3

0.02

0.04

2

0.06

3

0.08

g[
m

,n
]

1

0.1

2

0.12

n

0 1

0.14

m

0-1
-1-2 -2

-3 -3

Figure 2: An example of a Gaussian kernel.

low-pass filter and is followed by a downsampling step to omit
redundant information.
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Figure 3: An illustration of a 4-scale Gaussian pyramid.

Next, the seismic attribute is computed from each scale of the
Gaussian pyramid. Thus, a K scale Gaussian pyramid will pro-
duce K attribute maps. Note that the attribute map at scale 0
is the attribute computed by the conventional method. It is ex-
pected that attributes at higher scales of the pyramid will have
lower resolution while preserving large-scale features. On the
other hand, lower scales of the pyramid produce detailed, but
noisy, attributes. To produce a single enhanced attribute, a fu-
sion mechanism is devised, which requires the attribute maps
to be of the same size. Therefore, all maps are resized by
means of interpolation to be of the same size as the attribute
map at scale 0 prior to fusion. The proposed method is de-
picted in Figure 4.

The multiscale fusion step can be interpreted as filtering in
scale space as opposed to the conventional methods where fil-
tering is done spatially. For example, if we use a K-level Gaus-
sian pyramid then each sample in the input seismic section
will have K corresponding attribute samples, i.e. one sample
from each scale. These K samples are fused to obtain a sin-
gle representative sample by means of simple averaging, or a
weighted averaging. For instance, to emphasize features from
high-resolution scales, we can use a weighted mean fusion
scheme with larger weights for lower scales of the pyramid.
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Figure 4: The proposed multiscale fusion workflow

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. In our experiments, the
median filter gives the best results because it is less sensitive
to extreme values (i.e. outliers).

RESULTS

To demonstrate its capabilities in improving the resolution of
seismic geometric attributes, the proposed multiscale fusion
workflow was applied to a subset of the 3D seismic dataset
from the Great South Basin in New Zealand, where the domi-
nant structural feature is polygonal faulting. We start by com-
puting the fundamental dip attribute for inline 187 (Figure 5).
The corresponding dip attribute generated by the conventional
method as detailed by Barnes (1996) is shown in Figure 6(a).
The enhanced dip attribute computed using the proposed mul-
tiscale fusion method is shown in Figure 6(b). It is clear that
the proposed technique helps greatly in enhancing the attribute
in terms of noise reduction as well as small-scale fault detec-
tion, especially along the weak reflectors.
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Figure 5: Seismic amplitude of inline 187 from 3D seismic
dataset from the Great South Basin in New Zealand.

Next, we illustrate the improvements of the proposed tech-
nique in highlighting the faults as observed in the time section
at 1256 ms (Figure 7). In particular, the dip angle attribute is
estimated by combining the inline dip and the crossline dip.
We can see that the chaotic non-fault features are significantly
removed as depicted in Figure 8(b), providing a better visual-
ization of the faults compared to the original attribute shown
in Figure 8(a).
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Figure 6: Dip attribute of seismic inline in figure 5.

Finally, we extend the proposed method to generate high-order
geometric attributes, including the most positive curvature (Fig-
ures 9 and 11) and most negative curvature (Figures 10 and
12), which are considered very powerful for fault detection
and fracture characterization. It is evident that the proposed
multiscale fusion scheme helps not only suppress the noise but
also promote the identification of the curvature lineaments as
faults and fractures.
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Figure 7: Seismic amplitude of the time section at 1256 ms
from 3D seismic dataset from the Great South Basin in New
Zealand.
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Figure 8: Dip Angle attribute of the time section in Figure 7.

CONCLUSIONS

We have presented an innovative workflow, namely multiscale
fusion, for improving seismic geometric attributes, such as dip
and curvature, which are known to be highly sensitive to the
noise present in seismic data. Such improvement has been
verified through applications to the 3D seismic dataset from
New Zealand, in which the high-frequency noise was success-
fully suppressed while preserving small-scale seismic faults
and fractures. The proposed method provides enhanced at-
tributes that can be utilized in the identification and interpre-
tation the polygonal faulting developed in this area. We con-
clude that, in addition to the dip and curvature attributes, the
proposed workflow holds great potential for improving other
multitrace seismic attributes, such as coherence, flexure, and
GLCM.
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(a) Original attribute.
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(b) Multiscale attribute with median fusion.

Figure 9: Most positive curvature attribute of the time section in Figure 7.
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Figure 10: Most positive curvature attribute of the time section in Figure 7.
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(b) Multiscale attribute with median fusion.

Figure 11: Highlighted regions in Figure 9.
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Figure 12: Highlighted regions in Figure 10.
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