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Abstract
The seismic data interpretation reveals properties of the subsurface structures, appropriate for further geological or explora-
tion investigations. The buried channels are desired exploratory targets for petroleum reservoir exploration, drilling concerns 
or geological investigations. Therefore, it is required to precisely identify the geometry of the buried channels through the 
signal image analysis and the geological interpretation of the seismic data. The continuous wavelet transform (CWT) is a 
spectral discrete transform method for non-stationary signal analysis, useful to enhance the resolution of the seismic data 
both in time and frequency domains. In the presented study, we propose a strategy for a precise identification of buried chan-
nels, using a vast number of time–frequency seismic attributes on 3D seismic data. The spectral decomposition by the CWT 
method has been performed on 20, 25, 30, 35, and 40 Hz frequency sections. The seismic attributes have been extracted, 
including the energy, the instantaneous amplitude, the average root mean square, the Prewitt and Grubbs filters, the similar-
ity, the semblance, and the grey-level covariance matrix. The most favorable results have been selected to be integrated, 
so providing new attributes through RGB composition. This integration has been performed both for single frequency and 
multi-frequency seismic sections. As a result of applying the proposed strategy on the selected synthetic and field dataset, 
the boundaries of the buried channel as well as its inner structure, have been individuated. The final model of the seismic 
attributes has revealed that the proposed strategy represents an alternative to the conventional procedure of identification 
the buried channel.

Keywords Seismic attribute · RGB composition · CWT  · Attribute combination · Buried channel

Introduction

Application of seismic attributes in the geological interpreta-
tion is not a new task, due to the increasing number of attrib-
utes and their wide majority of applications, it is a compli-
cated task to select and apply the most relevant attributes 
to extract the required information (Bulat and Long 2001; 
Damuth and Olson 2001). There are various types of geo-
logical objects as the target of investigation through seismic 
data processing and interpretation, that require an appropri-
ate use of seismic attributes in a comprehensive integration 
strategy (Civile et al. 2014; Farfour et al. 2015; Hsiung et al. 
2015). A vast number of seismic attributes besides the time-
consuming procedure of geological interpretation on espe-
cially large 3D seismic data, emphasizes the introduction of 
integration methods for accurate interpretation. Although 
it is near than a decade that several imaging tools such as 
group of pattern recognition methods are frequently used in 
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seismic interpretation, however, we still need to look for a 
strategy that combines several information layers obtained 
from attributes to identify the geological object in the seis-
mic data with less uncertainty. These objects are commonly 
mud/shale diapirs, salt dome, the gas chimney and the 
buried channels (Bourget et al. 2014; Radad et al. 2015; 
Soleimani 2015; Tvedt et al. 2016). Raef et al. (2016) stated 
that combination of various seismic attributes provides a 
final integrated model that better identity the target under 
investigation, like as the buried channel, compared when 
analyzing with single attribute. Detection and modeling the 
buried channel system by seismic attributes conventionally 
consist of two steps. The first step is the selection of attrib-
utes enhancing any difference in the characteristics of the 
buried channel regarding its seismic pattern, while the sec-
ond step is the identification of its boundary (Iacopini et al. 
2016; Auguy et al. 2017).

Considering identification of the buried channel, the geo-
logical type of the channel system should be identified. Kolla 
et al. (2007) comprehensively investigated and compared 
properties of the fluvial sinuous channel and the deep-water 
canyons related channels. They have stated that the point-bar 
scrolls, cutoffs, downstream sweeps of channel bends and 
sinusitis can be found in seismic time slices. They also have 
shown that the point-bar scrolls in a fluvial system can be 
identified by high seismic-amplitude and high channel sinu-
osity. Deep-water sinuous channel complexes, however, have 
some properties in common with the fluvial channels, and 
differ in other properties. Generally, a large valley hosts the 
complexes of the sinuous channel and its related banks, 
flanked by large overbanks. In such a complex system, the 
top portions of sinuous channel growth may extend beyond 
the confines of the master valley and overlie the master over-
banks. In the seismic time slices related to this type of the 
channels, high-amplitude with multiple sinuous threads or 
multiple sinuous bands (Kolla et al. 2007). Considering 
development of the channel system in the submarine canyon 
formation, slope failure is a characteristic trigger process for 
the developing system of the submarine canyons, when an 
adequate mass source like delta facies sediments are avail-
able (Hui et al. 2018). Lomask et al. (2007) introduced a 
methodology for integration of the seismic attributes to iden-
tify the boundaries of geological object in seismic images 
based on the image-segmentation concept. They have pre-
sented a modification of the normalized cuts image segmen-
tation for tracking object boundaries in the seismic image. 
They have mentioned that the amplitude alone may not fully 
define the boundaries, thus incorporated any number of 
attributes to fully exploit the dimensionality of the data. To 
obtain better result, they used a weighting operator to weight 
each attribute. The weights are determined using problem-
dependent combinations of attributes. Nevertheless, the 
boundaries of the geological objects by the seismic data 

should be defined as accurate as possible. Thus any further 
geological interpretation or drilling path determination on 
seismic images with the unclear boundaries of geological 
objects is uncertain (Berthelot et al. 2011). Berthelot et al. 
(2013) proposed a strategy by the combination of numerous 
attributes to improve the accuracy of interpretation on the 
integrated image. They have combined the frequency-based 
attributes with, the similarity, the dip and the grey-level-co-
occurrence matrix (GLCM). This combination was followed 
by a supervised Bayesian classification's method. Chuai 
et al. (2014) have presented a seismic texture coherence 
algorithm efficient for channel detection in seismic data. 
They have analyzed the texture feature parameters in differ-
ent azimuths in 3D seismic data. Based on variation of fea-
ture parameters in different angles, they have introduced the 
seismic texture attribute. Their selected feature parameters 
were an average of the amplitude, the dissimilarity, the 
entropy, the variance, the second moment angular and the 
inverse difference moment. These parameters have shown 
that the difference between the sand filled channel system 
and the enclosing medium, composed of mudstones, was 
exaggerated in the seismic texture coherence attribute image, 
and thus the channel system could be clearly imaged. Halp-
ert et al. (2014) stated that incorporation of the interpreter 
decision on the seismic attribute interpretation reduces the 
uncertainty of the detection of the geological object in areas 
with a less clear boundary. This strategy is effective in seis-
mic data with strong contrast of amplitude in the object 
boundaries. It will also reduce the risk of wrong interpreta-
tion by interpreter interaction in low amplitudes segments. 
However, their proposed methodology is a time consuming 
and challenging method for large 3D seismic data, while it 
also suffers from low information in problematic areas for 
2D data. Amin and Deriche (2015b) introduced a robust 
method for object detection in 2D seismic data by a combi-
nation of edge and texture attributes to overcome the prob-
lems of texture attributes that depends on the nature of geo-
logical object under investigation. Wang et  al. (2015) 
introduced a boundary detection algorithm based on the 
texture attributes using tensor and subspace learning. Their 
method consists of two steps in boundary detection by the 
texture-based gradient followed by a tensor-based subspace 
learning process. This method could provide an efficient and 
robust practical labeling tool for high quality data. However, 
in data with a less clear or gradual boundary, this method 
might fail due to lower contrast between adjacent seismic 
events. Campbell et al. (2015) have shown that integration 
of the well data with the acoustic impedance and the reflec-
tion amplitude can enhance geological interpretation on the 
deep see canyon related channel in the Penobscot 3D seismic 
data. They have shown that their method could improve geo-
logical interpretation on the sandstones reservoirs with low 
impedance, presented in the extensive unconstrained 
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marginal marine systems and also in the complex confined 
channel systems. They also could identify and separate the 
carbonate bank with high impedance, interfingering with 
low impedance shales. Amin and Deriche (2016) developed 
the strategy of Amin and Deriche (2015a) by introducing the 
GLCM to the former method. The algorithm of Amin and 
Deriche (2016) combines the attributes from the GLCM and 
those from the Gabor filter, with a codebook-based learning 
approach to delineate the object boundaries in seismic image 
attributes. However, this method still needs an interpreter 
interaction in the last stage in refining the final boundary 
using edge strength values. Wu (2016) introduced a method 
to calculate the likelihoods of seismic events in attribute 
images to define the boundary of the object. Wu (2016) men-
tioned that the second step in their method, which is using 
attributes to extract the boundaries is important for comput-
ing boundaries, especially when the input data are noisy or 
incomplete. They have proposed that any attributes can also 
be used for boundary extraction. Manually interpreted 
points, segments or surface patches can be used as con-
straints to compute a more reliable and reasonable bounda-
ries. However, the method is still computationally expensive 
and requires excess effort and accuracy in the first step on 
constructing the structure tensor field. Li et al. (2016) pre-
sented multi-seismic attributes analysis to define the dis-
tributary channels in 3D seismic data. They have compared 
result of the short time Fourier transform (STFT) and the 
continuous wavelet transform (CWT) methods to extract the 
40 Hz single frequency image and stated that the CWT 
method provides attribute image with higher quality and bet-
ter identification of the channel compared to using the STFT 
method. Therefore, they have used the CWT method for 
spectral decomposition and presented an enhanced image of 
the channel in seismic data by integration of 40 Hz single 
frequency attribute and the root mean square (RMS) attrib-
ute. Mirkamali et al. (2016) have used a combination of 
numerous attributes for the channel detection in 3D seismic 
data and used the artificial neural network (ANN) to define 
the weight of each attribute for combination. They have used 
the similarity, the dip, the curvature and the spectral decom-
position attributes for identification of the buried channel. 
They have shown the single frequency map of 25 Hz, which 
was obtained by the STFT method was helpful in the separa-
tion of the channel system from their surrounding media. All 
the mentioned attribute combination for an accurate identi-
fication of the channel system in 3D seismic data have used 
only an ordinary combination of seismic attributes to pro-
vide an integrated image, without concerning the importance 
of information hiding in each single attribute. Shafiq et al. 
(2017) introduced a texture-based interpretation strategy to 
define the geological object on seismic attribute images. 
Their methodology was mapping an attribute called 3D gra-
dient of texture (3D-GoT) to measure dissimilarity between 

voxel of data in all direction. This methodology was a step-
wise workflow that selects the voxels related to the object by 
a tensor-based automatic seed point selection method.

In this study, we propose a strategy on the combination 
of the seismic attributes related to the channel detection on 
three-dimensional seismic data, according to the importance 
of information in each single attribute, which can be used for 
a better detection of the channel system. In the following, 
the proposed strategy would be explained in detail and the 
information and concept of each related attributes would 
be explained in the subsequent section. The methodology 
would be applied on a synthetic and field 3D seismic data 
containing a distributary channel system, where its minor 
branches could not be revealed by conventional attribute or 
seismic-multi attribute analysis.

The proposed strategy

The methodology herein proposed is based on the strate-
gies that were used by Li et al. (2016) and Mirkamali et al. 
(2016). Their strategy was developed here by performing 
a wide analysis on seismic attributes and a combination of 
more seismic attributes, rather than simple combination of 
two seismic attributes. The proposed methodology aims to 
find a strategy in the combination of multi-seismic attrib-
utes attaining a unique model exhibiting the buried channel 
system in 3D seismic data. The research was initiated by 
performing a wide study of the existing literature on seismic 
attributes for enhancing the buried channels. The literature 
study consists of an investigation of the seismic attributes 
for the channel system detection and in the definition of the 
relative importance of each attribute in enhancing channel 
system and identifying the most suitable seismic attribute in 
imaging the boundary of the channel, separating the buried 
channel from the enclosing medium. Table 1 shows used 
seismic attributes used in the literature for the detection of 
the channel systems in seismic data. Table 1 is based on 
the explanatory function and and the target function. The 
exploratory function is generally used for an implicit defini-
tion of the object boundary (here's the channel boundary), 
which could be applied for primary interpretation. The target 
function is used for an explicit delineation of the geologi-
cal body (the channel body here), in more detailed geologi-
cal modeling and interpretation. The relative importance of 
the seismic attributes was defined based on the methodol-
ogy introduced by Farrokhnia et al. (2018). These authors 
have presented a methodology in order to define the rela-
tive importance of the seismic attributes in predicting the 
salt body in attribute images. We have used the same con-
cepts but for predicting the channel systems in 3D seismic 
data, from seismic attributes. After selecting the most rela-
tive attributes related to the detection of the channel sys-
tem, a strategy was defined for an efficient combination of 
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attributes. The seismic attributes related to the identification 
of the channel system were divided into two groups, i.e., the 
seismic attributes that enhance the boundary of the channels, 
and the seismic attributes which identify the channel system 
based on the difference between the infilled channels sedi-
ments and the enclosing media. The first group of attributes 
are the Prewitt filter, the Grubbs filter, the GLCM variance 
and the curvature gradient. The second group of attrib-
utes consists of the similarity, the semblance, the energy, 
the instantaneous amplitude, and the RMS amplitude. As 

a first step of the workflow, these seismic attributes have 
been extracted from the seismic data in order to provide a 
primary insight on the channel system in the study field. 
Since Li et al. (2016) have stated that the CWT method 
provides better results for spectral decomposition, thus the 
CWT method has been applied on seismic data for spectral 
decomposition for frequencies between 20 and 45 Hz, with 
5 Hz intervals. Investigation of these results will define in 
which frequency bands we can search for better identifica-
tion of channel system. Meanwhile, a spectral decomposition 
step is required to be applied on the image and then extract 
the related attributes. This step is performed for all the fre-
quency bands. herefore, for each attribute, there would be 
six attribute sections applied to single frequencies obtained 
by the CWT method. Investigation of the sections for each 
attribute will define the single frequency sections in which 
the selected attribute provides the best appearance of the 
channel system.

Afterward, the best three single frequency sections of 
each attribute that are applied on the CWT spectral decom-
posed data with the best appearance of the channel system, 
would be selected for composition by the RGB method. This 
combination provides six combined attributes cube that 
present different properties of the channel system and each 
cube enhances different parts of it. To have these advantages 
simultaneously on a combined cube, various combination of 
these CWT decomposed attribute for various single frequen-
cies would be obtained by the RGB composition in order to 
have these advantages simultaneously on a combined cube. 
This strategy brings dozens of options for RGB composition 
of attributes. Figure 1 shows the proposed strategy to obtain 
the best possible composition of seismic-multi attribute by 
the RGB method, for buried channel detection.

Related attributes for buried channel detection

The continuous wavelet transform (CWT) was introduced to 
resolve deficiencies in providing high resolution of the short 
time frequency transform (STFT). In the CWT method, the 
seismic signal is multiplied by the wavelet function, which 
performs as the window function applied on the segments 
of the signal (Alaei et al. 2018). Since the Fourier transform 
is not applied in the CWT method, thus negative frequen-
cies are not involved in the transformation. Additionally, the 
window’s length varies by frequency in the CWT method. 
The CWT equation is as follows (Boashash 2015):

where τ and s are time shift and scale parameters that also 
define windows sliding length on the signal.

(1)CWTΨ
x
= ΨΨ

x
(휏, s) =

1√|s|
+∞

∫
−∞
x(t)Ψ∗

(
t − 휏

s

)
dt

Table 1  Target and explanatory functions used for buried channel 
detection by seismic attributes

A wide literature study has performed to draw weights for each seis-
mic attribute for exploratory and target functions (Bitrus et al. 2016; 
Nikoo et al. 2016; Soleimani et al. 2018a, 2018b; Anees et al. 2019; 
Boustani et al. 2019; Radfar et al. 2019; Anyiam and Uzuegbu 2020; 
Li et al. 2021)
+Means the weight (or quantity) of using selected parameter for bur-
ied channel detection
+++++Strongly related
++++Mostly related
+++Moderately related
++Weakly related
+Not related

Geoscience fields Target function Explanatory function

Seismic parameters in channel detection
 Low amplitude  +  +  +  +  +  + 
 Medium coherency  +  +  +  +  +  +  +  + 
 Low acoustic impedance  +  +  +  +  +  +  +  + 
 Low signal to noise ratio  +  +  +  +  +  + 
 Chaotic pattern  +  +  +  +  +  +  +  +  +  + 
 High similarity  +  +  +  +  +  +  +  +  + 
 Low energy  +  +  +  +  +  + 
 Relative sharp boundary  +  +  +  +  +  +  +  +  + 

Seismic attributes
 Dip illumination  +  +  +  + 
 Edge content texture  +  + 
 Directionality  +  +  +  +  + 
 Smoothness  +  +  +  +  +  +  + 
 Chaos  +  +  +  +  +  + 
 Variance  +  +  + 
 Cosine of phase  +  + 
 Envelope  +  +  + 
 Energy  +  +  +  +  +  +  +  + 
 Instantaneous amplitude  +  +  +  +  +  + 
 RMS amplitude  +  +  +  +  +  + 
 Semblance  +  +  +  +  +  + 
 Grubbs filter  +  +  +  +  + 
 Prewitt filter  +  +  +  +  +  +  +  +  +  + 
 GLCM variance  +  +  +  +  +  + 
 Gradient curvature  +  +  +  +  +  + 
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It should be noted that against the STFT method, the fre-
quency parameter does not appeare in Eq. (1), but the scaling 
parameter is used, which has reverse relationship with the 
frequency. Large-scale values in the CWT method represent 
the general trend of the signal, without detailed informa-
tion and the small-scale values reveal detailed variation of 
the seismic signal. The resolution of the CWT method in 

the time–frequency plane is limited by the Heisenberg’s 
principle of uncertainty. The window function in the CWT 
method is used for the segmentation of the signal. The most 
important procedure here is to optimize the window’s length, 
which is performed by the adaptive scale factor. Obviously, 
a small window’s length is used for extracting information 
from high frequency components and large window’s length 

Fig. 1  Flowchart of the proposed strategy to obtain the best RGB combined seismic attribute for channel system identification on the seismic 
data
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is used to reveal information from low frequency compo-
nents. These frequency bands in the selected window’s 
length could have coverage with each other. By definition, 
the mother wavelet is defined by the scale factor in the func-
tion, the window’s length and the time lag of the window as 
(Boashash 2015):

where σ is the scale factor and τ is the window’s time length. 
Table 2 shows the steps of applying the CWT on the seismic 
signal. For large-scale factor, time resolution will increase. 
For small-scale factors, the signal will shrink in frequency 
direction and thus provide higher resolution in frequency 
domain. The following equation presents the CWT func-
tion as:

The final results are the optimized scale and transform 
factors that exhibit the highest similarity between the wave-
let and the signal. There are various seismic attributes avail-
able to extract the required information from seismic data 
for precise delineation of the buried channels. Each of these 
attributes exhibit a special property of the buried channel, 
which have been described as it follows. The similarity 
attribute defines the similarity level of two adjacent seis-
mic traces in the seismic data. The similarity value varies 
between 0–1. Obviously, a similarity value close to 1, pre-
sents a high level of similarity between two adjacent seismic 
traces and this value vanishes by reducing similarity between 
two traces, defined by (Barnes 2016):

where x and y are two arbitrary seismic traces that their 
Euclidean distance vector is defined by (xi-yi)2, divided by 
the sum of the vectors. The other wide applicable attribute 

(2)휑
휎,휏 (t) =

1√
휎

(
t − 휏

휎

)

(3)F(휎, 휏) =
1√
휎

+∞

∫
−∞
f (t)휑∗

(
t − 휏

휎

)
dt

(4)S = 1 −

√∑n
i=1

(
xi − yi

)2
√∑n

i=1
x2
i
+
∑n
i=1
y2
i

for channel detection is the semblance attribute. It is defined 
by cross-correlation of two adjacent seismic traces to the 
selected central trace. The semblance value would be defined 
by Eq. (5) along with the spatial position (receiver line of 
seismic data of seismic traces,  Px, and in the time direction 
for traces in positions of xi, yi and xi+1, yi (Barnes 2016):

where 2 l is the instantaneous time length of the correlation 
window. The cross-correlation value along the source line 
of the seismic data,  Py, and in the time direction for traces 
in positions of xi, yi and xi+1, yi would be (Barnes 2016):

Like as the semblance attribute, the energy attribute 
could be used for detection of geological objects con-
taining different sediments compared to the surrounding 
medium. This attribute, by definition, is the sum of the 
squared amplitudes within the time window  (t1,  t2) with 
an increment of τ in the window as:

The energy attributes perform efficiently in the identifi-
cation of gas chimneys and other geological objects, where 
amplitudes are distorted in a specific media due to the 
geological object. The instantaneous amplitude attribute 
which is widely used in seismic data interpretation, shows 
variation of the acoustic impedance, reveals and enhances 
the bright spot anomalies, mostly related to gas reservoirs 
and identifies the boundary of sequences. The instantane-
ous amplitude is defined by:

(5)

px
(
t, l, xi, yi

)
=

∑+l
휏=−l
u
(
t − 휏, xi, yi

)
u
(
t − 휏 − m, xi+1, yi

)
√∑+l

휏=−l
u2
(
t − 휏 , xi, yi

)∑+l
휏=−l
u2
(
t − 휏 − m, xi+1, yi

)

(6)

py
(
t,m, xi, yi

)
=

∑+l
휏=−l
u
(
t − 휏, xi, yi

)
u
(
t − 휏 − m, xi+1, yi

)
√∑+l

휏=−l
u2
(
t − 휏, xi, yi

)∑+l
휏=−l
u2
(
t − 휏 − m, xi+1, yi

)

(7)E
(
t, x, y, t1 + t2

)
=

t2∑
휏=t1

u(t + 휏, x, y)2

(8)a(t) =

√
x(t)2 + y(t)2

Table 2  Sequential steps that represent the CWT procedure

The procedure step The performed analysis

Preliminary analysis Step 1 Selection of a wavelet
Step 2 Define a scale factor and shift the wavelet to the beginning of the signal

Main CWT analysis Step 3 Compute the similarity between the shifted and scaled wavelet of the signal
Step 4 Slide the wavelet with the preserved time and spatial resolution on the signal
Step 5 Repeat the last to steps to reach the end of the signal length

Post CWT processing and signal 
extraction

Step 6 Reduce the scale factor and repeat the previous steps with new scale factor
Step 7 Perform the calculation to extract the desired result
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where x(t) and y(t) represent amplitude variations in x and y 
directions, respectively. The root mean square (RMS) ampli-
tude is also another applicable attribute that by definition 
is the square root of the average of squared instantaneous 
amplitudes within a predefined range. The RMS amplitude 
attribute can clearly identify bright spots, amplitude anoma-
lies and the seismic velocity variations independent from the 
local reflector dips. This attribute also defines variations in 
seismic facies related to coarse sediments, compared to fine 
sediments, such as shale and fine sands. The RMS amplitude 
is defined by (Barnes 2016):

where N is the sample number, w is the window length and 
x is the instantaneous amplitude value. The other effective 
attribute known as the Prewitt seismic amplitude is mostly 
known as a filter to enhance contrasts between geological 
objects and the surrounding media. The Prewitt amplitude 
calculates dip of seismic events in different directions in an 
analyzing cube with 3 × 3 × 3 pixel size. The other applicable 
attribute is the Grubbs filter, which is a statistical approach 
for defining anomaly or outliers in a normalized variable. 
This attribute could define outstanding anomalies of any 
specific property of the geological object. This attribute 
could efficiently enhance seismic objects with sufficient 
contrast in a specific seismic property with the enclosed 
media. Similarly, the variance of the grey level matrix in 
texture definition of a seismic attribute, defines the varia-
tion of the texture properties within a predefined pixel and 
its surrounding pixels. For a better definition of variation, 
mostly the covariance matrix is computed, therefore it could 
be called the grey level covariance matrix (GLCM) and by 
definition, it is calculated by the following equation (Chopra 
and Marfurt 2007):

where  Pi,j is the selected pixel and N is the number of sam-
ples. The GLCM value is symmetrical for different direc-
tions and thus same value would be obtained for  Pj,i. Obvi-
ously, the curvature of geological objects should be defined 
in all direction precisely to build a comprehensive geological 
model of the subsurface media. Therefore, the gradient cur-
vature attribute is proposed to define variation in curvature 
in all directions. The gradient curvature could be used for 
definition boundaries of the buried channels, if the channel 
filled sediments and the enclosed media has significant con-
trast in seismic properties. The gradient curvature attribute 
in 3D seismic cube is defined by (Barnes 2016):

(9)XRMS =

√��� 1
N

N∑
n=1

wvx
2
n

(10)휎
2

i
=

N−1∑
i,j=0

Pi,j(i − 휇)
2 =

N−1∑
i,j=0

Pi,j(j − 휇)
2

where k′
2D

 shows the gradient of curvature in desired direc-
tions, x and z. In the subsequent section, the aforementioned 
attributes would be applied on a synthetic and field 3D seis-
mic data cube within the proposed strategy, to obtain the 
best possible image of the buried channel system.

Application on synthetic seismic data

To evaluate the proposed strategy, it is initially applied on a 
synthetic data. The synthetic seismic data was obtained over 
a geological model containing a channel, using dynamic ray 
tracing to generate the synthetic seismograms, adding ran-
dom Gaussian noise to resemble real seismic data and apply-
ing the conventional seismic data processing to obtain the 
final seismic image for further application. Figure 2a shows 
the earth model and Fig. 2b illustrate the final simulated 
seismic image.

To initiate the proposed strategy, the CWT method was 
applied on the data in a frequency range from 5 to 90 Hz, 
with 5  Hz interval. Then initial analysis in these CWT 
images was performed to define the best frequency band, 
exhibits the best possible image of the channel. However, 
due to the large number of figures, only the selected images 
are presented here. It should be mentioned that the frequen-
cies were selected based on deep and wide study on fre-
quency sections with initially large and then small incre-
ment, providing large number of sections to investigate. 
Although it was not performed for all the attributes, but 
initially for most of the relevant one, and then the increment 
between the frequencies were decreased step by step to select 
the best frequency bands. Then in the spectral images it was 
observed that some parts of the channel are illustrated better 
at low, some at mid and others at higher frequencies. How-
ever, between 20 and 45 Hz frequency, clearer images of dif-
ferent parts of the channel were observed. These frequencies, 
at which the channel geometry is clearly pronounced, then 
were used for more investigation. Since different parts of the 
channel features are resolved at different frequencies, it was 
considered that the channel geometry can be obtained in its 
complete form when the different frequencies are stacked. 
Manual interpretation the proved that a stacked frequency 
volume obtained by summing up the 25 Hz (low frequency), 
35 Hz (mid frequency) and 45 Hz (high frequency) volumes 
provides the best results, shown in Fig. 3a–c. The CWT 
image for 45 Hz does not provide a reliable image. However, 
it was the best image for the high frequency band obtained 
for this data. This procedure was applied also on the field 
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data example. Then the GLCM, RMS, the semblance, the 
amplitude and the entropy attributes were applied on the 
CWT images. Figure 3 show the extracted attributes from 
the synthetic image. In Fig. 3, the top raw shows the CWT 
and all other attributes that extracted on the CWT image 
for 25 Hz frequency. The middle raw in Fig. 3 shows the 
same attributes but for the 35 Hz and the bottom raw for the 
45 Hz. It is obvious that not all the extracted attribute could 
accurately image the body and the boundary of the buried 
channel. In the low frequency attributes, the GLCM and the 

semblance attributes (Fig. 3b, d) could not depict the buried 
channel, while other attributes for the 25 Hz frequency could 
better exhibit the channel. For the middle band frequency, 
the RMS and the semblance attributes (Fig. 3i, j) failed to 
properly illustrate the buried channel, while other attributes 
obtained on the CWT image could better image the target 
under investigation. In high frequency range, the CWT itself, 
the RMS and the amplitude attributes (Fig. 3m, o, q) could 
not image the buried channel. The seismic attributes of the 
GLCM and entropy, (Fig. 3n, r) could somehow illustrate 

Fig. 2  a The earth model of a channel system used to generate the synthetic seismic data. b The simulated seismic image obtained from the syn-
thetic seismic data

Fig. 3  The top raw show all the attributes for 25  Hz, the middle 
raw for 35  Hz and the bottom raw for 45  Hz. All the attributes are 
extracted from the CWT images, rather than the original image. 
Attributes from (a–f) are the CWT itself, the GLCM, the RMS, the 

semblance, the amplitude and the entropy. The same sequence of 
attributes is used for figures (g–l) for the 35 Hz and also for (m–r) 
for 45 Hz
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the channel, however, best result for the frequency range 
was obtained by the semblance attribute (Fig. 3p). It should 
be noted that much more attributes were extracted from the 
CWT images; however, they are not all shown here due to 
the large number of figures, but some of them might be later 
used in the RGB. Individual selection of the attributes might 
not be appropriate for target identification. Therefor they 
were combined through the RGB illustration method, for 
better identification of the target. Initially, the RGB images 
are obtained by simple combination of each selected attrib-
ute. Therefore, in each individual attribute, the 25 Hz image 
is selected as the red, the 35 Hz as the green and the 45 Hz 
as the blue components.

Figure 4 shows the RGB representation of the single 
attributes on the CWT image. Among the RGB images, the 
related RGB for the energy could not image the channel 
(Fig. 4d) and the RGB images for the GLCM, RMS and the 
semblance (Fig. 4f–h, respectively) could not illustrate the 
small branch of the channel. The RGB images for smooth-
ness, edge and entropy (Fig. 4a, c, e, respectively), could 
illustrate the channel to some extent, but the amplitude RGB 
representation (Fig. 4b) could better image all parts of the 
channel with sufficient contrast.

In the next step, according to the RGB representation of 
the attributes and also performance of their individual fre-
quency, large number of RGB representations are obtained 
by various combination of single frequency of various attrib-
utes. To have a comprehensive image of details of the chan-
nel, all the information laid in all frequency bands have to 
be integrated. Therefor for all the RGB representation, the 
red component is the 25 Hz single frequency of the selected 
attribute, the green component is the 35 Hz image of the 

attribute and the blue component is the 45 Hz image of the 
used attribute. Results of this combination are presented in 
Fig. 5. The combination of the GLCM, the smoothness and 
the edge, as the red, green and blue component, with the 25, 
35 and 45 Hz frequencies, failed to represent the channel 
system (Fig. 5b). The combination of the RMS, the sem-
blance and the similarity (Fig. 5c) and the combination of 
the semblance, the RMS and the GLCM (Fig. 5f), could 
not illustrate the small branch of the channel system. The 
combination of the smoothness, the edge and the similarity 
(Fig. 5e) could somehow image the channel system, but suf-
fers from accurate definition of its boundary. By comparison 
of results, it can be concluded that the combination of the 
entropy, the edge and the smoothness (Fig. 5a) and the simi-
larity, the GLCM and the smoothness (Fig. 5d) could better 
identify the channel system.

Application on 3D seismic data

The selected field seismic data for application of the pro-
posed strategy is a 3D seismic cube acquired on a petro-
leum field in the south-western sector of Iran, known as the 
Dezful embayment. The selected petroleum field contains 
gentle dipping anticlinal structural trap. It can be assumed 
that there might be stratigraphic traps exists in the field 
(Soleimani 2013). The seismic data were interpreted, aiming 
at the identification of geological structures for stratigraphic 
tarps. Figure 6a shows location of the study field and Fig. 6b 
depicts the stratigraphical column of the region. Figure 6c 
shows a block diagram of the Middle Cretaceous that shows 
the complicated channel system, which is known as a possi-
ble stratigraphical oil trap. In the western part of the Dezful 

Fig. 4  The RGB representation of the individual attributes extracted from the CWT image
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Embayment, there is no outcrops of rocks and the geological 
information are entirely derived from subsurface investiga-
tions. The structural and stratigraphic features of the Dezful 
Embayment have been well documented as a simply folded 
belt and foothills zone of the Zagros Basin (Atashbari et al. 
2018). During the Early Cretaceous shallow marine carbon-
ate sediments of Fahliyan Formation were deposited in the 
greater part of the Dezful Embayment. The depositional 
environment of the Early Cretaceous was mainly a shallow 
marine carbonate platform dipping gently eastward, forming 
a ramp over the Jurassic evaporites, however interrupted by 
episodes of clastic sedimentation consisting of massive and 
thin bedded limestone (AlShuaibi and Khalaf 2011).

The oldest Cretaceous units consists of interbedded sandy 
limestone, dark gray shale and silty shale, variegated lime-
stone and black calcareous shale. The unit represents deep 
marine depositional environments (Wang et al. 2019). The 
Fahliyan Formation contains corals and algae, indicate depo-
sition in a shallow, carbonate shelf environment. The Gad-
van Formation consists of dark-gray, argillaceous bioclastic 
limestone interbedded with gray, green to brownish-yellow 
marl. Lateral facies changes occur in the formation of dark 
shale and argillaceous limestone, to the dark argillaceous 
limestone and ranges in deposition from a shallow marine 
to neritic, inner-shelf, lower energy environment (Shahbazi 
et al. 2020). The Kazhdumi Formation formed an uncon-
formity at the Aptian-Albian boundary with fine clastic ter-
rigenous sediments deposited. This formation forms a major 

progradational deltaic complex. The Kazhdumi Formation 
has sandstone layers in its basal part and is considered as 
the source rock for oil in the Dezful Embayment (Atash-
bari et  al. 2018). The Sarvak Formation was deposited 
in a shallow marine environment and consists of shallow 
marine sediments that change into low energy shaly sedi-
ments towards the south. The upper boundary of the Sarvak 
Formation differs from place to place. The Sarvak and the 
overlying Ilam formations form an extensive limestone unit 
that is interpreted to have been deposited in shallow and 
neritic environments and an erosional unconformity between 
these two formations are observed (AlShuaibi and Khalaf 
2011). Since the application of the proposed strategy with a 
large number of seismic attributes, selected to be extracted, 
requires large computation time to be applied on whole seis-
mic data, only the part of the seismic cube including the 
buried channel was selected to be used in this study. The 
seismic data cube that was cropped from the whole seismic 
data contains 608 xlines and 674 inlines, depicted in Fig. 7a. 
The 1800 ms time slice, where the best image of the buried 
channel is observed, is shown in Fig. 7b. The selected seis-
mic attributes are the energy, the instantaneous amplitude, 
the RMS amplitude, the Prewitt filter, the Grubbs filter, the 
similarity, the semblance, the GLCM variance and the gradi-
ent curvature.

Results of applying these attributes to the seismic data are 
depicted in Fig. 8. As it could be seen, the seismic attributes 
which enhances the channel's boundary perform better in 

Fig. 5  a–f RGB representation of the various attributes. Each image contains respectively the 25, 35 and 45 Hz of the selected attribute as the 
red, green blue component
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the identification of the channel system, if compared with 
the attributes that separate the channel system based on the 
textural attributes of the sediments infilling the channel. It is 
due to the reason that there are fewer differences between the 
sand-filled channel sediments and the surrounding media, 
which consists of shaly sands.

However, the channel system is not well identified by a 
single attribute analysis, but it could be improved to identify 
all details of the buried channel. Subsequently, the spectral 

decomposition procedure was applied on data to extract the 
single frequency sections by the CWT method. This pro-
cedure was applied by a Morlet wavelet with frequencies 
from 10 to 90 Hz, with 5 Hz increment. After investiga-
tion of result on applying the spectral decomposition, it was 
observed that appropriate results were obtained for spectral 
decomposition by the CWT method for frequencies of 20, 
25, 30, 35, 40 and 45 Hz. Figure 9 shows the results of this 
investigation on appropriate extraction of single frequency 

Fig. 6  a Location of the selected petroleum field and the 3D seismic data. b The stratigraphic column of the study field. c The block diagram of 
the study area for the middle Cretaceous, when the channel system was active
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sections by the CWT spectral decomposition method. As 
it could be seen, the results of the CWT spectral decom-
position for frequencies of 20 and 25 Hz reveal the main 
branches of the buried channel, while results for the 30 and 
35 Hz frequencies reveal the minor branches of the channel 
system. However, for the time slices obtained for 40 and 
45 Hz, only some parts of the main branch of the buried 
channel have been identified. Subsequently to enhance result 
of the identification the single channel on single frequency 
time slices obtained by the CWT spectral decomposition 
method, the common seismic attributes were had been 
applied. To select the best results, more than 20 seismic 
attributes have been applied on time slices with single fre-
quencies of 20–50 Hz, with a 5 Hz increment. Among these 
attributes, only the results of applying the energy, the instan-
taneous amplitude, the RMS amplitude, the Prewitt filter, 
the Grubs filter, the similarity, the semblance, the GLCM 
variance and the gradient curvature have been selected for 
illustration. Also based on the result of spectral decompo-
sition, only results of applying attributes on time slices of 
25, 35 and 45 Hz single frequencies are illustrated here. 
Figure 10 illustrate the 25 Hz single frequency time slice 
for all the aforementioned attribute. The CWT-energy attrib-
ute could identify the major channels, and could not detect 
the small branches in the channel system (Fig. 10a). The 
CWT-instantaneous amplitude and the CWT-RMS ampli-
tude (Fig. 10b, c), illustrate the almost same image. They 
could define the major channels, with a better definition of 
the variation in channel infilled sediments, possibly due to 
the size of the infilling sediments, changing their amplitudes. 
To better detect the channels boundary on the CWT single 

frequency image, the Prewitt filter was applied. Figure 10d 
shows the result of applying the Prewitt filter on 25 Hz sin-
gle frequency image obtained by the CWT method. As it 
could be seen, the channel's boundary could be identified 
well in the northern part of the area. However, in the south-
ern part, there is a low contrast between the infilled and the 
surrounding sediments, and less contrast was observed for 
the inner and outer channel media. Therefore, the bound-
ary could not be identified well, while there is some added 
operator noise to the section. 

The Grubbs filter was also applied to enhance the minor 
branch and clearly identify the borders of the main channel. 
The graphs resulting from the application of the Grubbs fil-
ter on the 25 Hz single frequency decomposed time slice are 
presented in Fig. 10e. The time slice does not exhibit opera-
tor added noise, and the main branch have been clearly iden-
tified. The southern branch of the channel system was also 
well defined, while some evidences of the minor branches 
have also been detected, which fed both the northern and 
southern branches. The similarity attribute applied on the 
CWT decomposed image for 25 Hz single frequency image 
is depicted in Fig. 10f. The similarity attribute defines the 
inner channel media based on the difference of sedimenta-
tion with the outer channel. This attribute could efficiently 
detect the southern branch of the channel system, too. The 
semblance attribute uses almost the same definition of the 
similarity, and corresponding results (25 Hz single frequen-
cies) have identified the main branches of the channel system 
(Fig. 10g). The GLCM-variance and the curvature gradient 
are both known as edge enhancement attributes. Therefore, 
it was assumed that by applying these attributes on the 25 Hz 

Fig. 7  a The 3D cube of the selected seismic data in this study and b the 1800 ms time slice, where the buried channel exhibits the most out-
standing appearance. The interpreted channel from the final result is overlayed on the seismic time slice here
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single frequency decomposed by the CWT method, the 
boundaries of the channel system would be easily identified.

Results of applying the GLCM variance and the curva-
ture gradient are represented in Fig. 10h and i, respectively. 
As it could be seen, the channel's boundary has been well 
identified, and some evidences of the minor channels in 
the northern part of the area have been observed. Figure 11 
shows the same procedure of applying the aforementioned 
attributes on the 35 Hz single frequency decomposed data. 
The 35 Hz CWT-energy attribute could identify the varia-
tion in the infilling sediment through the main branches of 

the channel (Fig. 11a). However, the main channel system 
could not be clearly predicted as for the 25 Hz single fre-
quency section. The 35 Hz CWT-instantaneous amplitude 
and the 35 Hz CWT-RMS amplitude (Fig. 11b, c), could 
not clearly identify the main branches. However, they have 
better defined the minor branches of the channel system 
and also exhibit detail variations inside the channel sys-
tem. The 35 Hz CWT-Prewitt and the CWT-Grubbs filter 
have also identified detailed variations in the channels 
border (Fig. 11d, e).

Fig. 8  Extraction of the common seismic attributes related to 
enhancement of buried channel. a the energy, b the instantaneous 
amplitude, c the RMS amplitude, d the Prewitt filter, e the Grubbs 

filter, f the similarity, g the semblance, h the GLCM variance, and the 
i curvature gradient attributes. The interpreted channel from the final 
result is overlayed on the seismic time slices here
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The CWT-Prewitt filter less suffers from the added opera-
tor noise, so representing the first image that could clearly 
identify the minor branch of the channel system in the 
northern sector. The CWT-similarity and CWT-semblance 
attributes for 35 Hz single frequency are represented in 
Fig. 11f and g. The CWT-similarity section exhibits dif-
ferent seismic textures in the image, that can be used for 
further interpretation. The boundaries of the main branches 
are also well defined and some evidences of minor branches 
are also illustrated. The CWT-GLCM variance and CWT-
curvature gradient for 35 Hz single frequency are depicted 
in Fig. 11h and i. These two sections clearly identified the 
minor branches, specifically in the north of the section, 
although the channel’s borders of the major branches could 
not be detected well. The channel system is not well defined 
in the CWT-energy attribute for 45 Hz single frequency 
image, however, variation of seismic pattern due to changes 
in the infilled channel sediments are clearly identified. The 
CWT-instantaneous amplitude and the CWT-RMS ampli-
tude for 45 Hz single frequency images were also obtained 
for the study seismic data. However, neither the borders of 
the channel's system, nor the major and minor branches are 
well defined by these attributes. Therefore, these two results 
are not shown here and are not used for further combina-
tion. For better identification of the buried channels, the 

seismic images obtained by applying common attributes 
on the results of the CWT spectral decomposed data were 
combined by the RGB technique. This combination was 
performed by two strategies. The first strategy consists of 
combination results of a single attribute but with different 
frequencies. The second strategy is to analyze results of the 
first strategy and combine various attributes with different 
frequencies. These two strategies would be explained and 
applied on data in the subsequent images.

RGB composition of single seismic attributes

In this strategy, the CWT spectral decomposition results for 
frequencies of 25, 35 and 45 Hz for each attribute have been 
selected for the RGB combination. In all the combinations, 
the single frequency sections of 25 Hz was selected as the 
red component, the single frequency section of 35 Hz as 
the green and the section of 45 Hz single frequency section 
as the blue components. The first selected attribute for the 
RGB combination was the similarity attribute. By the RGB 
combination of the similarity attribute, the minor branches 
of the buried channel were clearly enhanced and identi-
fied, shown by yellow circles in Fig. 12a. The main branch 
of the buried channel was also well identified. The sem-
blance attribute has been selected as the other attribute for 

Fig. 9  The CWT spectral decomposition of data with single frequencies of a 20 Hz, b 25 Hz, c 30 Hz, d 35 Hz, e 40 Hz, and f 45 Hz
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the RGB combination. The RGB combined section for the 
CWT-semblance attribute (Fig. 12b) could efficiently sepa-
rate internal part of the buried channel from the enclosing 
medium, and thus could better identify the main branches of 
the channel system. The results show that the boundaries of 
the buried channel were identified more better by the RGB 
composition of the CWT-semblance attribute, although it 
cannot clearly identify the minor branches. Result of apply-
ing the RGB combination on the components of the CWT-
RMS amplitude is depicted Fig. 12c. Minor branches of the 
buried channel is obvious in this RGB compound image and 

the channel boundary and its internal variation are also well 
identified. It was the case also for the RGB combination of 
the CWT-energy attributes, where minor branches of the 
channel system are clearly identified, depicted in Fig. 12d. 
The boundary of the main branch was also clearly depicted 
by this image. The RGB combination of the CWT-Grubbs 
filter is illustrated in Fig. 12e. Its result, however, is not 
promising compared to the previous results obtained by 
other attributes. The CWT-instantaneous amplitude RGB 
combination result is depicted in Fig. 12f. The combined 
RGB section of the CWT-instantaneous amplitude could 

Fig. 10  Result of applying the proposed attributes on the 25 Hz sin-
gle frequency seismic time slice obtained by the CWT method. These 
attributes are a the energy, b the instantaneous amplitude, c the RMS, 

d the Prewitt filter, e the Grubbs filter, f the similarity, g the sem-
blance, h the GLCM variance, and i the gradient curvature
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clearly reveal the geometry of the small branches of the 
buried channel and also the internal variation of the main 
channel, which is obvious by variation of its color. However, 
accurate boundary of the main channel is not well defined by 
the RGB combination of this attribute. As the CWT-Prewitt 
filter attribute is a filter to enhance edges of the geological 

objects, therefore, it is assumed that the RGB combina-
tion of its components clearly image the boundaries of the 
channel. Results were promising by investigating the RGB 
combination of the CWT-Prewitt filter (Fig. 12g). Bounda-
ries of the upper minor and major branches of the buried 
channel system are well defined by this attribute. However, 

Fig. 11  Result of applying the proposed attributes on the 35 Hz sin-
gle frequency seismic time slice obtained by the CWT method. These 
attributes are a the energy, b the instantaneous amplitude, c the RMS, 

d the Prewitt filter, e the Grubbs filter, f the similarity, g the sem-
blance, h the GLCM variance, and i the gradient curvature
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due to the low contrast between the infilling channel sedi-
ments and the enclosing media in the lower branch of the 
channel, this attribute could not precisely perform the edge 
enhancement procedure. The GLCM variance attribute is a 
textural attribute, supposed to reveal and enhance seismic 
textural properties of the internal channel. By investigation 
on the RGB combined image of the CWT-GLCM variance 
attribute, it was observed that the internal properties of the 
buried channel were clearly imaged (Fig. 12h). However, the 

channel boundary is not sharp in Fig. 12h, since the GLCM 
variance attribute is not an edge enhancement attribute. The 
RGB combination of the CWT-gradient curvature have been 
identified the boundary of the buried channel (Fig. 12i). As it 
could be seen, boundaries of both minor and major branches 
of the channel's system are clearly identified. However, this 
attribute could not differentiate the internal and external 
channel media.

Fig. 12  Result of the RGB combination on attributes extracted from 
the CWT decomposed images. For all the attributes, 25, 35 and 45 Hz 
single frequency sections were selected as red, green and blue com-
ponents, respectively. a The CWT-energy, b the CWT-instantaneous 

amplitude, c the CWT-RMS, d the CWT-Prewitt filter, e the CWT-
Grubbs filter, f the CWT-similarity, g the CWT-semblance, h the 
CWT-GLCM variance, and i the CWT-gradient curvature attributes
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RGB composition of multi-seismic attribute

In this strategy, the red, the green and the blue components 
in the RGB combination procedure have been selected from 
various attributes. Selection of each component from differ-
ent attributes is based on using advantage of each attribute in 
enhancing a specific property of the channel system. In the 
first combination procedure, the 25 Hz single frequency sec-
tion of the CWT-similarity was selected as a red component, 
the 35 Hz single frequency section of the CWT-Prewitt as 
a green component and the 45 Hz single frequency section 
of the instantaneous amplitude attribute was considered as 
a blue component (Fig. 13a, b). The major channel and its 
boundary have been clearly imaged in the most parts, except 

the southern sector of the channel boundary, due to the low 
contrast between the inner channel media and the outer sedi-
ments. To build the RGB image, the 25 Hz CWT-Prewitt fil-
ter, the 35 Hz CWT-similarity and the 45 Hz CWT-Grubbs 
filter are selected as the red, the blue and the green compo-
nents, respectively.

Its 2D combination is depicted in Fig. 13c and the 3D 
combination in Fig. 13d. The boundary of the channel for 
both the major and the minor branches are well imaged 
and efficiently enhanced. To identify the channel boundary 
and the inner sand-filled channel system from the enclosed 
media, advantage of the Grubbs filter and the similarity 
attribute were used in the RGB combined attribute image 
(Fig. 14a, b). Here the CWT-semblance for 25  Hz, the 

Fig. 13  a Representation of the time slice with the RGB composi-
tion of the CWT-similarity for 25 Hz as the red, the CWT-Prewitt for 
35 Hz as the green and the CWT-instantaneous amplitude for 45 Hz 
as the blue component. b The 3D RGB composition with the same 
components as in (a). c Representation of the time slice with the RGB 

composition of the CWT-Prewitt for 25 Hz as the red, the CWT-sim-
ilarity for 35 Hz as the green and the CWT-Grubbs filter for 45 Hz as 
the blue. b The 3D RGB composition with the same components as 
in (c)
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CWT-Grubbs filter for 35 Hz and the CWT-similarity for 
45 Hz were selected as the red, the green and the blue com-
ponents, respectively. The result obtained applying this com-
bination procedure is depicted in Fig. 14a for the time slice 
and Fig. 14b for the 3D seismic data cube.

For better enhancement of the internal channel media 
and the boundaries of the major and minor channels, the 
following composition was considered. The CWT spectral 
decomposed image of the Grubbs filter attribute for 25 Hz, 
the CWT-instantaneous amplitude attribute for 35  Hz 
and the CWT-energy attribute for 45 Hz attribute were 
selected as the red, the green and the blue components, 
respectively. The 2D RGB combined representation and 
the 3D representation of these components are depicted in 

Fig. 14c and d, respectively. As it could be seen, the minor 
branches are well predicted and the boundary of the major 
branch has been clearly identified in both its parts. In the 
next combination procedure for a better detection of the 
channel's boundary, a combination of the CWT-GLCM 
variance attribute for 25 Hz single frequency as the red, 
the CWT-Prewitt for 35 Hz single frequency as the green 
and the CWT-semblance for 45 Hz single frequency as the 
blue components were selected. The result of this com-
bination for time slice are shown in Fig. 15a and the 3D 
cube of this combined attribute is represented in Fig. 15b.
The channel's boundary was clearly detected and both the 
major and the minor branches have been clearly identi-
fied The GLCM and the gradient curvature attributes then 

Fig. 14  a Representation of the time slice with the RGB composition 
of the CWT-semblance for 25 Hz as the red, CWT-Grubbs for 35 Hz 
as the green and CWT-similarity for 45 Hz as the blue components. 
b The 3D RGB composition with the same components as in (a). c 
Representation of the time slice with the RGB composition of the 

CWT-Grubbs for 25 Hz as the red, CWT instantaneous amplitude for 
35 Hz as the green and CWT-energy filter for 45 Hz as the blue com-
ponent. d The 3D RGB composition with the same components as in 
(c)
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combined to enhance the channel system in the seismic 
image. To build the next RGB image, the 25 Hz CWT-
GLCM variance, the 35 Hz CWT-curvature and the 45 Hz 
CWT-energy are selected as the red, the blue and the green 
components, respectively. The results obtained for 2D and 
3D illustration are presented in Fig. 15c and d, respec-
tively. These results were promising for detection of chan-
nel's boundary. Both the minor and the major boundaries 
were detected by the new RGB attribute composition. 
The next combination strategy was to use advantage of 
the boundary detection related attributes and anomaly 
detection in the channel filling sediments, which are the 
curvature gradient, the Prewitt filter and the instantaneous 
amplitude attributes. Therefore, the RGB composition was 

performed subsequently by selecting the CWT-curvature 
gradient for 25 Hz as the red, the CWP-Prewitt filter for 
35 Hz as green and the CWT-instantaneous amplitude for 
45 Hz as the blue components. Result of applying this 
composition on time slice is depicted in Fig. 16a, and for 
the 3D seismic data in Fig. 16b. As it could be seen, the 
channel’s boundary is clearly detected and variation in 
filling sediments is obvious by change in color through 
the inner parts of the major channel branches. Finally, 
to integrate the advantages of all attribute combinations 
depicted in this section for enhancing the boundary and 
the inner texture of the channel simultaneously, the CWT 
decomposed spectrum of the GLCM variance attribute for 
25 Hz, the CWT-RMS amplitude attribute for 35 Hz and 

Fig. 15  Representation of the time slice with the RGB composition of 
the CWT-GLCM variance for 25 Hz as the red, CWT-Prewitt 35 Hz 
as the green and CWT- semblance 45 Hz as the blue. b The 3D RGB 
composition with the same components as in (a). c Representation of 

the time slice with the RGB composition of the CWT-GLCM vari-
ance for 25 Hz as the red, CWT-curvature gradient for 35 Hz as the 
green and CWT-energy for 45 Hz as the blue. d The 3D RGB compo-
sition with the same components as in (c)
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the CWT-energy attribute for 45 Hz were considered as 
the red, the green and the blue components, respectively.

The two-dimensional image and the three-dimensional 
cube of this RGB combination are presented in Figs. 16c 
and d. The obtained results enhance the channel boundary, 
while the internal properties of the channel system are also 
well separated from the surrounding media. Figure 16d, 
exhibits the three-dimensional representation of this RGB 
attribute, precisely detected the minor branch, which was 
not previously identified by any other previous single or 
combined attributes. The final composed RGB cube illus-
trates that a precis delineation of the channel system in 
3D seismic data could be achieved through a practical 

combination of the seismic attributes and to use advan-
tages of any single attribute to extract related information.

Conclusion

The obtained results of applying the proposed strategy for 
the identification of a buried channel have shown that the 
multi-seismic attribute combination provides images for 
geological interpretation better than the single attribute. 
Although the previous studies have used a combination of 
two attributes, the strategy herein used is a stepwise integra-
tion of useful information coming from various attributes, 

Fig. 16  Representation of the time slice with the RGB composition 
of the CWT-curvature gradient for 25  Hz as the red, CWT-Prewitt 
for 35 Hz as the green and CWT-instantaneous amplitude for 45 Hz 
as the blue components. b The 3D RGB composition with the same 
components as in (a). c Representation of the time slice with the RGB 

composition of the CWT-GLCM variance for 25 Hz as the red, CWT-
RMS amplitude for 35 Hz as the green and CWT-energy for 45 Hz 
as the blue components. d The 3D RGB composition with the same 
components as in (c)



 Marine Geophysical Research           (2021) 42:35 

1 3

   35  Page 22 of 23

in order to find the best possible solution for a specific prob-
lem in identification of the seismic properties of the bur-
ied channel. Some attributes identify the channel's border, 
while other attributes separate the channel system based on 
the difference in seismic properties of sediment inside and 
outside the channels. The strategy here proposed is based 
on the use of one attribute in order to identify each one of 
these individual properties through the RGB combination 
method. The investigation on different 2D and 3D combi-
nation of different seismic attributes on the CWT decom-
posed images has shown that the use of the CWT-GLCM for 
25 Hz section, of the CWT-RMS for 35 Hz section and the 
CWT-energy for 45 Hz section show the seismic properties 
of the channel system. The obtained results have shown that 
if these attributes were extracted on a spectral decomposed 
section by the CWT method, they will exhibit a better image. 
The extraction of a specific attribute on a selected single 
frequency section was the better solution to obtain the most 
informative combined image. The investigation on different 
2D and 3D combination of different attributes on the CWT 
decomposed images has shown that the use of the CWT-
GLCM for 25 Hz section, the CWT-RMS for 35 Hz section 
and the CWT-energy for 45 Hz section show the seismic 
properties of the channel system.
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