
A Directional Coherence Attribute 

for Seismic Interpretation

Yazeed Alaudah and Ghassan AlRegib

Center for Energy and Geo Processing at Georgia Tech and KFUPM (CeGP) 

School of ECE, Georgia Tech

{alaudah, alregib}@gatech.edu 

www.ghassanalregib.com

http://www.ghassanalregib.com/


• The Coherence Attribute

• The Generalized Tensor-Based Coherence Attribute 

• Preprocessing with a Multivariate Gaussian Kernel 

• The Directional GTC Attribute

• Results

• Conclusion 

Outline



• 1st Generation:

– Bahorich, M. and Farmer, S. [1995] The coherence cube. The leading edge, (October), 

1053–1058.

• 2nd Generation:

– Marfurt, K.J., Kirlin, R.L., Farmer, S.L. and Bahorich, M.S. [1998] 3-D seismic attributes 

using a semblance-based coherency algorithm. Geophysics, 63(4), 1150.

• 3rd Generation:

– Gersztenkorn, A. and Marfurt, K.J. [1999] Eigenstructure-based coherence computations 

as an aid to 3-D structural and stratigraphic mapping. Geophysics, 64(5), 1468.

The Coherence Attribute



Bahorich and Farmer [1995]

• Based on cross-correlation of zero-mean neighboring traces.



Marfurt et al. [1998]

• Based on calculating semblance in a rectangular or elliptical analysis 
window. 



Marfurt et al. [1999]

• Based on the eigenstructure of the covariance matrix formed from 
traces in the analysis cube



The Generalized Tensor-Based Coherence Attribute 
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The Generalized Tensor-Based Coherence Attribute 

GTC coherence

C3 coherence



• Most coherence algorithms treat all traces in the analysis tensor equally 

regardless of their proximity to the reference trace. This is understandable 

for a small analysis tensor (3x3x3), however a small analysis tensor is very 

limiting. 

Preprocessing with a multivariate Gaussian kernel

reference voxel reference trace



Preprocessing with a multivariate Gaussian kernel
• As the analysis tensor becomes bigger, this leads to worse results:

• Solution: preprocess the analysis tensor with a multivariate Gaussian 
kernel
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Preprocessing with a multivariate Gaussian kernel



Example: Netherlands Offshore F3 Block (952 ms)
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Preprocessing Kernel

• Cylindrical Kernel: (center trace instead of center voxel) 

• Off-Vertical  ellipsoid: 



The Directional GTC Attribute

Rotation along time/depth axis: Rotation along inline axis: Rotation along crossline axis:



Effect of Directional Selectivity

GTC 40 ◦ 75 ◦ 150 ◦



1600ms Time Section of the Netherlands F3 Block



Results: C3 Coherence



Results: GTC Coherence 



Results: Directional GTC Coherence



Results: 

GTC in grayscale Directional GTC in grayscale 

(θ=160◦)

C3 coherence



• The C3 coherence can be viewed as unfolding a 3rd order analysis tensor in 

a single mode and computing the attribute along that mode only. 

• By exploiting the information in the other two modes as well, we arrive at the 

generalized tensor-based coherence attribute (GTC).

• The proposed Gaussian preprocessing kernel allows the analysis tensor to 

be weighted by it’s relative proximity to the reference trace or voxel, and 

gives more flexibility to the interpreters to fine-tune the attribute. 

• Using a directional preprocessing kernel allows for directional selectivity and 

highlights different features in the data at different angles. 

Summary and Conclusions
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You can download the code to reproduce these results from here: 

Code:

ghassanalregib.com/publications/
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