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Presenter
Presentation Notes
In this section I will summarize those attributes that measure that lateral continuity and texture of seismic reflectors. These attributes include coherence, amplitude and/or energy gradients, amplitude curvature, and GLCM textures.  



Geometric Attributes that map continuity, amplitude changes and 
textures

1. Coherence

2. Amplitude gradients 

3. GLCM textures
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Presenter
Presentation Notes
The second subset of geometric attributes measures lateral changes in the reflector amplitude and continuity.   



After this section you will be able to:

• Use GLCM textures to quantify patterns that the interpreter sees and uses, but 
finds difficult to describe, and

• Use these textures in subsequent facies identification using machine learning.

Gray Level Co-occurrence Matrix (GLCM) Textures
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Everyday Textures

Pine Maple Mahogany

CedarOak Walnut

(Marfurt, 2018)5g-4

Presenter
Presentation Notes
To better understand the concept of a “texture”, examine these six images of wood. Those of us who either do woodworking as a hobby or enjoy a nice piece of furniture or molding can recognize these wood samples by their grain. Each image is distinctive and can be measured by the periodicity or randomness, the strength or weakness of their grain. Images taken from a wood supply web site.



(Miles et al., 2003)

GLCM used in remote sensing of land use.

From satellite data and 
GLCM clustering

Ground truth

In-situ 
control

ERS-1 SAR image
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Presenter
Presentation Notes
Inset image of ERS-1 SAR satellite data of area near St. Petersburg, Russia, on the Estonian border. The forest has suffered from industrial pollution which has stressed the native forest and marshes. (Left) The ground truth map representing five general land use classes; (Right) the allocation of major types of land use classes derived from Landsat/MSS and ERS/
SAR composite using gray level co-occurrence matrices (GLCM) : 1—water bodies, 2—wetlands, 3—agricultural fields, 4—forested areas, 5—urban areas. White triangles denote the locations of stations where in situ data were collected. (After Miles et al., 2003, http://www.tandfonline.com/doi/pdf/10.1080/0143116031000070436)
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3D texture mapping (GLCM)

(Chopra and Marfurt, 2007)5g-6

Presenter
Presentation Notes
We cannot explicitly represent  every seismic texture with a well-defined morphological algorithm. The Gray Level Co-occurrence Matrix (GLCM) allows us to statistically represent lateral and vertical variability in seismic amplitudes.
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How GLCM is evaluated
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(Angelo et al., 2009)5g-7

Presenter
Presentation Notes
Left: A seismic trace scaled, biased, and discretized into 9 amplitude levels. A value of 1 corresponds to a trough, a value of 5 to a zero crossing, and of 9 to a peak. Center: A representative 5  5 patch of seismic data using this discretization technique. Right: The resulting gray-level co-occurrence matrix for different directions.  Each row i, column j element of the unnormalized gray-level co-occurrence matrix, p, of the data shown in the center top image, indicates how many times the occurrence of a value “j” lies to the right of the value “i”. For 2D horizon slices, we compute the gray-level co-occurrence matrix in either four directions and sum the results. Texture attributes summarize the properties of the gray-level co-occurrence matrices, the most popular being the energy=(Pij2)1/2 entropy = Pij(log Pij), contrast = (i – j)2Pij  , and  homogeneity = Pij /[1+ (i – j)2].
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A measure of 
smoothness
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Entropy
A measure of disorderliness (or 

roughness)

∑∑
= =

−=
N

i

N

j
ij jiPD

1 1

∑∑
= =

=
N

i

N

j
ijij PPS

1 1
)(ln∑∑∑∑

= == =







 −−
=











 −−
=

N

i

N

j
ij

N

i

N

j ji

ji
ij V

ji
P

VV
ji

PR
1 11 1

2/12/1

))(())(( µµµµ

CorrelationMean

Returns a measure of the 
intensity contrast between a 
pixel and its neighbor over the 
whole image. Contrast is 0 for a 
constant image.

Returns a measure of how correlated a pixel is to its neighbor over the whole image. 
Correlation is 1 or -1 for a perfectly positively or negatively correlated image. 
Correlation is NaN for a constant image.

Returns the sum of squared elements in 
the GLCM. Energy is 1 for a linear 
amplitude gradient

Returns a value that measures the 
closeness of the distribution of 
elements in the GLCM to the GLCM 
diagonal. Homogeneity is 1 for a 
diagonal GLCM.

(Angelo et al., 2009)5g-8
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Presentation Notes
Even for 5-bit data, it is difficult to interpret volumes of 32x32 matrices. To this end, Haralick et al. (1973) introduced several statistical measures of the GCLM to summarize the matrix structure.




   
 

   

Contrast 0.986

Correlation 0.7395

Energy 0.0844

Homogeneity 0.5

Example : GLCM Matrices 
and attributes from a photo

114 111 108 113 133 115 79 85 83 80 81 74 83 87 81 80 49 72 71 53 62 68

110 102 113 112 117 135 128 80 72 92 85 68 78 80 67 86 78 82 75 70 67 66

124 107 110 99 87 128 137 90 104 118 95 75 83 82 62 84 95 91 76 66 74 73

115 108 129 113 91 110 93 84 100 91 90 86 87 84 58 60 70 89 74 43 43 35

120 119 125 106 86 78 71 77 67 54 72 80 85 78 51 44 41 80 76 53 30 14

95 86 78 55 63 54 45 32 43 46 67 75 88 92 46 65 54 63 83 45 43 69

80 57 54 45 66 52 28 19 59 84 90 70 85 87 27 56 49 47 86 55 54 75

66 49 41 42 69 43 11 41 105 102 99 92 107 103 38 41 40 47 79 71 63 57

42 45 28 30 59 22 5 55 123 101 113 114 99 115 96 78 69 77 71 78 69 47

38 22 17 23 32 10 12 46 68 62 68 95 92 111 112 113 78 63 54 62 66 22

70 3 20 37 20 23 49 41 57 58 61 103 115 92 50 92 94 76 84 62 44 15

77 20 35 17 13 47 89 76 93 101 102 109 98 89 31 80 137 126 96 75 77 64

95 52 50 27 42 61 95 105 103 113 117 100 97 113 40 66 118 120 77 85 103 68

87 85 84 53 53 50 61 73 83 110 97 74 78 103 48 74 91 97 66 73 91 76

84 95 94 67 45 38 58 70 81 81 65 56 65 118 78 84 82 84 77 66 90 115

57 53 45 47 57 70 94 103 94 77 72 65 67 105 78 79 60 71 98 98 111 120

64 57 28 38 65 94 107 96 77 73 68 53 64 107 107 82 78 95 109 111 108 107

34 44 47 69 81 82 84 83 78 67 72 66 71 104 123 91 98 116 108 93 98 105

33 47 56 79 92 89 86 81 99 94 85 87 91 117 133 114 118 120 111 96 100 108

67 82 74 79 87 104 102 89 89 97 98 116 105 107 123 101 123 106 102 110 108 111

86 103 95 87 74 90 93 93 94 114 99 98 94 101 136 132 123 77 61 113 122 117

93 114 121 112 75 75 80 92 82 84 105 109 100 113 139 129 101 89 87 110 116 126

5x5 pixels
256 gray levels and 4 attributes

Outcrop image of Monongahela Group, Pittsburgh Formation 
(www.geology.pitt.edu)
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Presentation Notes
Grey-level pixels ranging in value between 0 and 255 corresponding to a photograph of an outcrop. A 5 by 5 analysis window is moved  along the entire image, resulting in a 256 by 256 GLCM matrix. GLCM attributes are then computed from each matrix and assigned to the center of the analysis window. (After Angelo et al., 2009).

http://www.geology.pitt.edu/


PhotoContrast (900)Homogeneity (900)Self-Organizing Map (Clusters)Photo

(Angelo et al., 2009)

GLCM attributes and clustering

Application to an outcrop photo

5g-10
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Presentation Notes
Let’s apply texture analysis to this outcrop photo. We start by generating textures. Then we cluster them using self-organizing maps (discussed later in this course). Finally, we calibrate these clusters to the original data, generating an a posteriori analysis.



Energy ratio coherence
Great South Basin, NZ
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Coherence

0.8

1.0
t=1.456 s

(Marfurt, 2018)5g-11

Presenter
Presentation Notes
Time slice at t = 1.456 s through energy ratio coherence, showing faulting (yellow arrow), a homogenous shelf (green arrow), and syneresis, commonly called shale dewatering (orange arrow). Our goal is to determine if we can quantify these different textures.
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GLCM homogeneity
Great South Basin, NZ t=1.456 s
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homogeneity
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(Marfurt, 2018)5g-14
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GLCM energy
Great South Basin, NZ t=1.456 s
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energy
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(Marfurt, 2018)5g-15

Presenter
Presentation Notes
Time slices at t = 1.456 s through the GLCM orderliness group of texture attribute volumes: (a) GLCM energy, and (b) GLCM entropy. The nomenclature “energy” is unfortunate because it has little to do with the energy of the seismic data and instead has to do with the energy of the GLCM matrix. The highest energy will occur when a specific element of the GLCM is high, indicating a repeating pattern (such as a checkerboard of black and white squares) and not a pattern exhibiting high amplitude. A reflector with a constant value would exhibit both high energy and high homogeneity, whereas a smoothly varying reflector would exhibit low energy and moderate to high homogeneity. The GLCM entropy texture attribute in (b) defines areas that are particularly chaotic, including the syneresis zone (orange arrow), the faults (yellow arrow), and the two zones indicated by the cyan arrows in the three previous figures. The shelf edge (green arrow) exhibits low entropy. Areas that are homogeneous are in general low entropy, and vice versa. However, they are nonlinearly related, making entropy and homogeneity the two most commonly used GLCM texture attributes in facies classification.
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(Marfurt, 2018)5g-16



Seismic amplitude 
Eugene Island, Offshore Louisiana
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(Chopra and Marfurt, 2021)5g-19

Presenter
Presentation Notes
Vertical slice through a seismic amplitude volume acquired over Eugene Island, offshore Louisiana, US, showing a salt dome and multiple mass transport deposits. While the salt and MTDs are easy for a human interpreter to define, what characteristics would you use to differentiate the two from each other and the relatively conformal reflectors.
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(Chopra and Marfurt, 2021)5g-20

Presenter
Presentation Notes
The same vertical slice as shown in the previous image but now through the GLCM entropy volume as well. Note that the salt and MTDs both exhibit high entropy. (Data courtesy of the US BOEM).
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Eugene Island, Offshore Louisiana

(Data courtesy of US BOEM)
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(Chopra and Marfurt, 2021)5g-21
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Presentation Notes
The same vertical slice as shown in the previous image but now through the GLCM entropy volume as well. Note that the salt and MTDs both exhibit high entropy. (Data courtesy of the US BOEM).



Interactive use of GLCM textures
Salt picked from a seeded GLCM ‘energy’ volume

(Gao, 2003)5g-22

Presenter
Presentation Notes
A salt canopy detected by using a “seed” in a texture energy volume. The energy values corresponding to the salt are higher than the surrounding areas, and the salt body can be detected more effectively from the energy volume than from using a seismic volume. Use of a seismic volume would result in “bleeding” across the boundaries and would prevent a crisper definition of the salt canopy. After Gao (2003).




(Gao, 2005)

Seismic textures

Amplitude

High amplitude, high continuity

Low amplitude, low continuity, massive

Low-moderate amplitude, moderate continuity

Low amplitude, low-moderate continuity

Chaotic, hummocky, moderate amplitude, low 
continuity

Low-moderate amplitude, low continuity

Isolated amplitude anomaly

5g-23

Presenter
Presentation Notes
A seismic amplitude section with seven texture elements (texel) highlighted to show their textural differences. A. Isolated amplitude anomaly; B. Moderate-low amplitude and low continuity; C. Chaotic, hummocky, moderate amplitude, and low continuity; D. Low amplitude and low-moderate continuity; E. Low-moderate amplitude and moderate continuity; F. High amplitude and high continuity; G. Low-amplitude, low continuity, and massive. Although these features can be recognizable subjectively by visual inspection on this specific line, they may not be as easily recognizable in other lines and it is difficult to isolate and map them quantitatively in 3D by visual inspection. (After Gao, 2005).



(Gao, 2005)

Textural attribute  sensitivity to  depositional facies.

ContrastAmplitude Homogeneity Randomness

5g-24
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Presentation Notes
Textural attributes obtained from a case study using texture extraction algorithms. (a) Amplitude. (b) Homogeneity. (c) Contrast. (d) Randomness. Notice variations in texture attributes along and across channel axis indicate significance of texture attributes to depositional facies. (After Gao, 2005).



(Gao, 2005)

Gas Sand

Chaotic SlumpChannel Sand

Overbank Deposit
Marine shale and 

siltstone

Salt

Calibration of textures to facies using well control and geologic models

5g-25
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Examples of different seismic textures.



(Gao, 2005)
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Interactive use of GLCM textures
Architectural elements mapped using GLCM textures and well control 

5g-26
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Presentation Notes
Computer-assisted interpretation of seismic textures using voxel tracking technology. The human interpreter first identifies facies based on well control and then choose one or more seismic textures that differentiate the feature of interest from the surrounding matrix. He or she then seeds the feature at the well and tracks adjacent voxels having similar textures. (After Gao, 2005).



Common pitfalls

• Several of the GLCM attributes (correlation, variance) are inferior in 
resolution to conventional coherence attributes

• GLCM homogeneity and GLCM entropy are be inversely correlated in 
areas with good signal-to-noise ratios; however, if they have different 
sensitivity to noise using both can aid in machine learning classification. 

5g-27



In Summary:

 Texture attributes quantify lateral patterns in the data that are hard to describe, but 
can be used in 

• Interactive interpretation when correlated with well control in the construction 
of geobodies, and

• Machine-learning supervised and unsupervised facies classification.

Lateral Changes in Amplitude and Texture Analysis

5g-28



Pattern-recognition math
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I received this math problem in a long email train. Source unknown.
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