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INTRODUCTION

(b)

(c)

We combine the two conditions together in the least-squares system

We propose a workflow for matching and blending
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seismic images obtained from shallow high-resolution
seismic surveys and conventional surveys. The workflow

where h denotes the high-resolution image, l is the legacy image, b is the
desired blended image, Wh and Wl are the diagonal weighting matrices for the
high-resolution and legacy images, respectively, and S is the non-stationary
smoothing specified previously. The formal solution of the least-squares
problem (7) is

consists of three steps: (a) balancing the amplitudes and
frequency content of the two images by non-stationary
smoothing of the high-resolution image, (b) estimating
and removing variable time shifts between the two
images, and (c) blending the two images together using
least-squares inversion. Successful results were achieved

(8)

in application of the proposed workflow to images from
the Gulf of Mexico.
Initial legacy (a), and high-resolution (b) images. The merged image (c) is the ﬁnal product of the proposed workflow: the combination of the legacy and high-resolution images.

METHOD
1 Balancing spectral content

(6)

The first step of matching the initial images is balancing their spectral content,
which can be achieved by attenuating the high frequencies of the highresolution image to match the lower frequency content of the legacy image.
We propose using a time- and spatially-variable triangle smoothing operator.
The frequency response of the triangle smoothing filter (Claerbout, 1992) is

Here, ∆t is the radius of smoothing, measured in samples, applied to the high-resolution
image to match the local frequency content with the legacy image at each sample.
(a)

We implement the inversion in equation (8) iteratively using the method of
conjugate gradients.

2 Measuring time shifts

Combining equations (1), (2), and (5) leads to the specification of the triangle
smoothing radius as

(b)

The weights, Wh and Wl, are applied to the images to balance amplitudes and
bring out the desired qualities from each image.

After balancing the spectral content, we attempt to account for potential time
shifts of the high-resolution image relative to the legacy image, which can be
caused by changes in acquisition and processing parameters. We measure
this shift using local similarity scanning (Fomel, 2007; Fomel and Jin, 2009).
We then apply the detected time shifts to the high-resolution image to align
the signal content between the two images before merging them.
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This frequency response closely resembles that of a Gaussian,

Spectra of the legacy (red), high-resolution (blue) and merged (magenta) images.
(2)

If the signals’ spectra can be represented by Ricker wavelets,
(3)

where, in image n, Sn is the frequency spectrum, fn is the peak frequency,
and An is the amplitude, smoothing can transform it to a different
dominant frequency.

Spectra of the legacy (red) and high-resolution (blue) images before (a) and after
(b) spectral balancing.
(a)

(b)

Because we are smoothing the high-resolution image to match it with the
legacy image, we can model the high-resolution frequencies, S h, after the
legacy frequencies, Sl:

(5)

Difference between the legacy and smoothed high-resolution images before (a) and after
(b) accounting for time shifts.

3 Creating the blended image

(4)

where

CONCLUSIONS

Difference in local frequencies between the legacy and high-resolution images before (a) and
after (b) balancing the frequency content by non-stationary smoothing.

Our final goal is to create a blended image that combines the best features
of the two initial images while minimizing their weaknesses. We can achieve
this by imposing two conditions. First, the blended image should match the
high-resolution image, particularly in the shallow part. Second, after
smoothing with the non-stationary smoothing operator, the blended image
should match the legacy image.

We have proposed an approach to matching and blending images of different
resolutions. The resultant merged image combines the broader frequency
bandwidth and better shallow coverage of the high-resolution image along with
the low frequency content and better depth coverage of the legacy image.
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