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ABSTRACT
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2023. Effective detection of seismic event
cognitive modeling. Journal of Seismic Exploi



1. The pronosed method implements the fi
spatial enhancement of the bio-visual prime
pre-stack seismic data. as pre-stack seismic ¢
amplitude and frequency to reflect tinv structu
2. The seismic data is preprocessed to obtail
instantaneous freaquency (EPIF) and the slant
maximum the limit to provide optimal quality
3. An adantive Gabor filter direction selectio
angle range and improve the recognition rai
adopting an anisotropic environmental suppre
variability more accurately than the isotropic r
4. With the enhanced contour aggregation. co
with the characteristics of low curvature anc
unique to the seismic events, to establish a cc
The events picked by our method is more

methods. and doesn't require human intera
seismic interpretation and reservoir prediction
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INTRODUCTION

The events here are defined as the
1993). When interpreting seismic reco
to the vibration of similar shapes and
rules. As the seismic wavelet variation «
wave propagation process, the detectic
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characteristics of the seismic records
method (Wang et al., 2019), and ene
St-Onge. 2011). The second category
seismic records, such as correlation
constraint direct wave method (Huang
The third is to use artificial intelligenc
artificial neural network (McComack.
(Bondar, 1992:; Zhou and Hu, 1991), ¢
method (Li, 2007) based on image p
seismic exploration (Ning et al., 2007)
such as the Sobel operator (Tabataba
(Canny. 1986) and others. The Canny
the scientific community due to its higt
image edge detection. However,

computational cost than that of the det
constrained its practical applications i
(Xiong et al., 2009). The edge dete
amplitude value of each sampling poin
grayscale values. where each seismic ¢
image. In this way, the events in the
detection method in image processing:
spatial resolution and noise, the events
relatively inaccurate. Neural network 1
events as standard samples to train a
error, though sufficient number of sanr
be unrealistic especially in selecting the
Anv newly adonted samples may af



feature extraction under low SNR. ofi
noise. so as to also detect the outline of
edges. lead to low efficiency of the eve
functional organ for human beings tc
About 80% of the information obtaine
world comes from the visual syste
information is huge, and also show:
utilization rate of visual information
environmental perception and cognitive
to identify typical obiects in the s
intelligence and high efficiency of hun
of neuroscientists. With the deep und
enhancing the cognitive ability of mac
processing mechanism of human vision
the field of computer vision (Jin, 201
cortex (V1) can inhibit environmental
excitation of the target, so that the visu
extract the contour or boundary of the ¢
and provide important feature infor
cognition. Therefore, the constructio
biological visual cortex functional ch
methods to achieve target contour extra
also one of the key technologies to &
development of related disciplines, tt
vision are shocking (Wang et al., 2(
(Grossberg and Mingolla, 1984) have |
of the function of the visual cortex and



perception mechanism of the primary
direction representation of Gabor filters
system. and they are often used for text
the field of image processing, Gabor -
detection (Grigorescu et al., 2002). In -
profile of the mammalian visual cortex
functions, and the excitation and inh
receptive field is used to reduce the
boundary of the region. Finally. the ¢
suppression and the binarized contour
method. The proposed non-classical re
can perform effective detection of even
with huge data and heavy noise. Comr
the proposed computational model wit
spatial enhancement can make the s
advantageous and be more consistent w
The events picked by our method is m
existing methods, providing a new rese
interpretation.

Therefore. it is necessary to discuss
based on visual features. The introduc
into geophysical prospecting is still ir
exploration. where the use of visual f
processing and rapid realization of oil
vane of the future direction of research .
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M(f.p)=S A(f.x, )/ ™

m=1

where M(f,p)=fm'(r, pledr /zl(f,xm)=fA(t,xﬂ,)€_’2”jrdr is the Fourier
transformation of the instantaneous amplitude 4(#.x, ), x,, is the reference
trace, m(z,p) is the Radon transformation in the time domain.

The calenlation nrocecce of laeal linear Radon trancform i< oiven in F'ig 1.

For a selected reference trace on the instantaneous amplitude section. 7

denotes certain time intercept, where several traces near the reference trace
are superimnosed alone "» straicht lines with different slones 7;
(7=L2L .n,) (slope in interval sampling A»). The sum of the instantaneous
amnlitnde alano differe t dire(‘ﬁr\nc at the time intercent is recnrﬂpd in the
corresponding Dosition?%l’;—) of the coordinate axis 7—7 . When the
selected stacking slope is close or equal to the slope of the events. records in
the f-v damain hecamec the mavimim Puttino the gyeraoe af the mavimim
stacking values on the corresponding Dosition?f,«x”j in the t-x domain
(time-distance domain). a super-gather can be constructed to increase the
SNR. which is called the slant stack peak amplitude (SSPA) profile. Also.
the slope corresponding to the maximum stack value is placed at the
corresponding position in the t-x domain to form a gradient profile. Among
many methods for calculating the linear Radon transform. we use the
frequency-spatial domain matrix multiplication algorithm (Stankovic et al..
2001) for its high precision. Before performing the Radon transform. the
instantaneous amplitude data in the time domain is zeroed out to increase
the frequency resolution. In this paper, the zeroed-out length is three times
of the data length.

Reference Trace

Tracenumber

Fig.1. The calculation process of local linear Radon transform.



So far, the envelope of the peak in:
have heen obhtained. Then, the wavele
follows. Tet f(t,,,)EL(R’) renresent
where?, and f4of f(/.5,)denote respe
y(t.t,) is the 2D mother wavelet
displacement, the definition of the t
wavelet is as follows:
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Then, the two-dimensional continuous ¥
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where 1/a is the normalization factor, v
energv before and after the wavelet s
wavelet transform digitally, two-dimen
is implemented to induce the two-dime:
follows:

DPWT(j.k.k) = ag [[ £t (a,



(2) The coefficients in different di
are fused;

Fusion has certain rules: 1. Met
coefficients. The function of the wav
signal and concentrate all the informatic
coefficients with large values. These
much more energy than the small c«
reconstruction, the large coefficients
coefficients. 2. Method of weighted
adjustable. The advantage is that it can
less source image information, but wi
Local variance criterion.

Each decomposition layer of wavel
and different fusion operators are
components of each decomposition lavy:
fusion is obtained. For the low frequen:
and for the high frequency we use the Iz

(3) The final image can be obtainec
coefficients obtained from fusion.

The image fusion process based
transformation is shown in Fig 2.



Gabor function can be expressed
alternation between the feature locatic
frequency. which can effectively descr
of simple cells in the human visual
function can approximately simulate
receptive fields in the mammalian visi
modulated by a complex sine function,

g(x,y)= h(x',y')exp(jZJ
x =xcosO+ ysin@

where { , , @ isthed

y =-xsin@+ ycosf

direction can be realized through the
which reflects the selective sensitivity
particular direction. 7 renresents the
the effective region of the filter, A(x,
expression is:

1 1| x
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20,0, 2|\ o

h(x,y)=

where, 0. and O, are the horizontal
function respectively.

The tradltlonal Gabor filters adopt 1
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from the background texture are highl
direction as the backeround texture ar
the non-classical recentive field inhibit
boundary detection. through which the
region are largely detected. The seismic
as the target to be picked has a cons
needs to be highlighted. while the chaot
be completely suppressed.

Fig. 3. The principle of the non-classical recer

Therefore. we refer to anisotr
non-classical recentive field. and the
degree and the orientation is expressed

A(x,y,x—xo,y—y0)=|sin(®5 (x,y

where, ©. (x.v)is the oradient anoles ¢
is the sunpression weights from the ¢



The Gestalt perception criterion (Ye
aggregate the local features which has
rule into a whole. enabling obiects to hi
The co-occurrence constraint determin
the greatest likelihood for contour ag
further suggests that the degree to whi
environmental stimuli depends on tl
preference directions. The seismic e
continuity. and the smaller the curvati
stronger the enhancement effect becc
curvature, the excitation is weighted
weighted function below:
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o=03 is the constant. < and 5 are



(‘.nrrespondino to the enecific area and
noint(x.v) with the oradient values of
gradient value of the point(x,y) is the |
the pixel of the point is set to 0 and will

The nrinciple of the hysteresic thr
and7,. where 7v,=87.(0<B<1). isto
continuity of edeges. i.e. edee trackine.
thresholdv. are called auasi-contour r
pixels less than 7, are called non-con
The pixel values betweeny,and yzare t
filtered image is A. Contour line track
image B. and if there are pixel values i
path. the corresponding point in image .
reserved. Otherwise. the points outsid
realize the connection of the edges.

The flowchart of events detection
field inhibition is shown in Fig. 4,
suppression and the contour aggregatioi

‘ The reflection seismic data ‘

The wavelet transform¢

‘ The instantaneous amplitude | ‘ The instz

The Radon‘transfomr ¢

| Tha din anala | | Tha clant ctanls manls amanlitad
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Fig. 5 shows the synthetic data which has the direct wave and the reflection
wave, There is a fault on the reflecting interface. We add noise to the data at
a SNR of 3. Fig. 6 is the synthetic seismic section with Gaussion white
noise. Fig. 7 and Fig. 8 are the instantanecous amplitude (IA) and
instantaneous frequency (IF) based on the noised data individually. From
Fig. 6 and Fig. 7 we can see that the weak reflection waves are buried in
noise. Fig. 9 is the result of the events detection from the visual cognitive
method. The direct wave and the reflection wave events are continuous and
accurate. The experimental result show that the proposed method has well
anti-noise ability.

30
25
100
20
200 15
@
% 300 10
E
[ 5
400 0
-5
500
-10
600

50 100 150 200 250 300 350 400
Tracenumber

Fig. 5. The synthetic CSP dala.
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Fig.6. The synthetic seismic section with Gaussian while noise.
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Fig. 7. The instantaneous amplitude (IA) based on the noised data.
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Fig. 8. The instantancous frequency (IF) based on the noiscd data.
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Fig. 9. The result of the events detection [rom the visual cognitive method,

Data set 2: real field reflection record

To validate the efficacy of the proposed method., we apply it to a real CSP
with 393 traces. the minimum offset of 90 m, the distance of 10 m between
offsets. 1250 sampling points. and 2 ms sampling. Fig. 10(a) is the original
pre-stack seismic data. which contains obvious events, although the
background noise is also verv large. In particular, the events at the near
offset and shallow surface cannot be distinguished, as the peaks and vallevs
of the events affect each other, which is not conducive to picking up other
attribute nformation such as dip angles. Fig. 10(b} is the instantancous
amplitude (IA) profile. Fig. 11 is the envelope peak instantaneous frequency
(EPIF) profile. in which the envelope peak instantancous frequency reduces
the mutual interference between peaks and vallevs. Also, the information is
further concentrated. but the deep noise is still verv large. Fig. 12 shows the
wavelet fusion results of EPIF and SSPA profile, where the fused image
highlights the events and weakens the impact of noise. Fig. 13 shows the dip
angle profile picked up by the Radon transform. Fig. 14 shows the real part
of the Gabor filter, which has 8 directions and 5 scales. Fig. 15(a) shows the
results of events picking by using the proposed method, in which the
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directions are set as 90° - 180° at an interval of 5°. Fig. 15(b) is also the
result with different parameters. The directions are set as 0°, 30°, 60°, 90°,
120°, 150°,

The noise (For example, circling by red and green ellipses.) is more
than that in Fig. 15(a). The events picking is relativelv complete in the
shallow laver. However. the events picking is less in the deep laver due to
the large noise. and the information is submerged in the noise, but the events
picking is comnletelv picked un in the thick laver. indicating the
effectiveness of the proposed method in this paper. Fig. 16 shows the result
by the automatic events extraction method proposed by Zhao (Zhao et al.
2019). The auto events picking method detects the up and down boundaries
of each event. and the final result need human interaction. Fig. 17 shows the
non-maximum suppression result by Canny operator. Fig. 18 shows the
events detection result by Cannv and Sobel operators. We can see that the
results have strong noise and disturbance, and the events are not as complete
as the visual cognitive method.
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Fig.10. (a) The original pre-stack seismic data. (b) The instantaneous amplitude (IA)
data.
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Fig. 11. The envelope peak instantaneous frequency (EPIF) profile.
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Fig.12. The wavelet fusion results of EPIF and SSPA profile.
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Fig.13. The dip angle profile.
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Fig.14. The real part of the Gabor filter.
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Fig.15. The results of events picking by using the proposed method: (a) The directions
are set as 90° - 180° at an interval of 5°. (b) The directions are set as 0°, 30°, 60°, 90°,
120°, 150°.
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Fig.16. The result by the automatic events extraction method.
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Fig.17. Events detection result by Canny operator.
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Fig.18. Events detection result by Canny and Sobel operator.

CONCLUSION

In this paper, we propose a method for the events picking up of the
seismic data based on environmental suppression and spatial enhancement
of the bio-visual primary visual cortex. Our method can enhance the seismic
events contour bv performing anisotropic suppression of non-related noise,
realizing the significant extraction of seismic events contour.

Picking up of the events based on pre-stack seismic data is used. as
pre-stack seismic data contains abundant information such as amplitude and
frequency to reflect tinv structures of the formation. Firstly, the seismic data
is preprocessed to obtain the wavelet fusion of the envelope peak
instantaneous freauencv and the slant stack peak amplitude. which can
maximum the limit to provide optimal quality data. Secondlv. an adantive
Gabor filter direction selection method is proposed. Compared with the
traditional method. this method can provide a reliable angle range and
improve the recognition rate of filter decomposition. In addition. by
adopting an anisotropic environmental suppression method. our method can
detect edge variability more accuratelv than the isotropic method. With the
enhanced contour aggregation. cocircular constraint is adopted and
combined with the characteristics of low curvature and continuous changing
curvature. which is uniaue to the seismic events. to establish a consistent
spatial structure perception model. The events picked by the new method is
more continuous and accurate than the existing methods. and doesn't require
human interaction. which is beneficial for subsequent seismic interpretation
and reservoir prediction.
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