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Abstract: For efficient data processing, trace interpolation and regularization techniques should be antecedently applied

to the seismic data which were irregularly sampled with missing traces. Among many interpolation techniques, MWNI
(Minimum Weighted Norm Interpolation) technique is one of the most versatile techniques and widely used to regularize
seismic data because of easy extension to the high-order module and low computational cost. However, since it is difficult

to interpolate spatially aliased data using this technique, model-constrained MWNI was suggested to compensate for this
problem. In this paper, conventional MWNI and model-constrained MWNI modules have been developed in order to
analyze their performance using synthetic data and validate the applicability to the field data. The result by using model-
constrained MWNI was better in spatially aliased data.

Received: 9 March 2017; Revised: 17 April 2017; Accepted: 17 April 2017 In order to verify the applicability to the field data,
*Corresponding author interpolation and regularization were performed for two
E-mail: jbyun@hanyang.ac kr field data sets, respectively. Firstly, the seismic data

Address: Dept. of Earth Resources & Environmental Eng., Hanyang acquired in Ulleung Basin gas hydrate field was
University, 222 Wangsimni-ro, Seongdong-gu, Seoul, Korea interpolated. Even though the data has very chaotic
(©2017, Korean Society of Earth and Exploration Geophysicists feature and complex structure due to the chimney, the
This is an Open Access article distributed under the terms of the Creative developed module showed fairly good interpolation
Commons Attribution Non-Commercial License (http://creativecommons.org/ result. Secondly, very irregularly sampled and widely
licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, missing seismic data was regularized and the
and reproduction in any medium, provided the original work is properly cited. connectivity of events was quite improved. According
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to these experiments, we can confirm that the developed module can successfully interpolate and regularize the irregularly

sampled field data.

Keywords: MWNI, model-constrained MWNI, interpolation, regularization, aliasing
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Fig. 1. A flowchart of conventional MWNI. PSD indicates the
power spectrum density.
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Fig. 2. Spatially aliased synthetic data for evaluating the performance of the developed conventional MWNI module. (a) Decimated data with
the decimation factor 6. (b) Conventional MWNI result. (¢) The difference between original data and conventional MWNI result. In the dashed
boxes, the result shows aliasing artifacts. (d) & spectrum of original data. (e) f/k spectrum of decimated data with the decimation factor 6.
(f) fk spectrum of conventional MWNI result. The red arrow indicates the aliasing effect which cannot be recovered.

e} 7ol dejops aa7h Gl BAl =t

SEIX2F MWNI

MWNIE= 340 A& 1Mo 2 Q18 A7e T3
- @Y L] w2 olUA] FEE sparsenessE FA] AR

w27 Al WS 3= W olthi(Liu and Sacchi, 2004). wet
A zZkgel gElolx a3t S Agole Alse] Fu-ut
T 2 Eo|A YR FZo] ofd FART L2 AR E
7EA7] il £ WA A3E 710" 5 slth(Naghizadeh
and Sacchi, 2010; Chiu, 2014). HAF A] o]&]3+ Lajopxs T3}
2 % FAHE F5317] 918l Chiu (2014 Z A oF
MWNIZ At

Fig. 32 294k MWNI®] A =]t} 712 MWNIO|
AMe U 492 A3 sk AkRe] 2HEHS 227 o
woll 7FeA] dEe] 2713ke 12 ARSI Afe] 7HHo] A
2] & v 2HEH] vssithe 7MY S BelA ATt
B Al a7 ae7kA] Uiake X8 staitt. sEAIRE o] vWhH-2
& oA HolTo] delol Tt EASHE ARE UE
T AUTE FAEAA oz FAS RES HEH, J|E
o] W g2l MWNIE 87| A 71| 49| ke ot

[ Input data with missing traces (f-v domain) ]

Interpolate missing traces along the dominant
dip

Define W as an initial “;eighling operator using
interpolated data in /~k domai

| Fourier transform (f-x domain) |

I Solve TWTz ~ d,¢ and obtain i = WZ I |
For each
frequency

Re-estimate the PSD from the reconstructed
data m and compute W(k)

No Tration number > Max numn
or Residual <
Il Yes

| Inverse Fourier transform (f-v domain) |

[ Output data: interpolated data ]

Fig. 3. A flowchart of model-constrained MWNI. The yellow
colored boxes indicate the added steps for constraining the inverted
model.
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Fig. 4. The comparison of the reconstructed results of the synthetic
data: (a) Original data. (b) Randomly decimated data. (c) Recon-
structed data by using conventional MWNI. (d) Reconstructed data
by using model-constrained MWNI. In the case of randomly
decimated data, the results of conventional MWNI and model-
constrained MWNI are almost the same.
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Fig. 5. The comparison of the reconstructed results of the synthetic
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Fig. 6. The comparison of the reconstructed results of the synthetic
data: (a) Original data. (b) Decimated data with the decimation
factor 6. (c) Reconstructed data by using conventional MWNI. (d)
Reconstructed data by using model-constrained MWNI. Model-
constrained  MWNI shows better reconstruction results than
conventional MWNI in the black dashed boxes.
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Fig. 8. The results of piece-wised linear interpolation along the
dominant dips. (a) The reconstructed data of decimated data with
the decimation factor 6. (b) The fk spectrum of the reconstructed
data which was used as the initial value of weighted matrix in
model-constraint MWNI. (¢) The enlarged section of the white
dashed rectangle in (a) to show the characteristic of piece-wised
continuity in detail. (d) The enlarged section of the same area in
Fig. 7(d). The continuities of events were improved by model-
constrained MWMI.
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Fig. 10. (a) Original seismic chimney data filled with gas hydrate
with an interval of 12.5 m. (b) Seismic section with a null trace
between two adjacent original traces (6.25 m interval). (c) Seismic
section obtained by piece-wised linear interpolation along the
dominant dips. (d) The interpolated section by using model-
constrained MWNI with an interval of 6.25 m.
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Fig. 9. (a) 2D section of original 3D seismic data of Ulleung Basin (modified from Kim et al., 2016). (b) Seismic chimney filled with gas

hydrate.
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Fig. 11. The f°k spectra of seismic data shown in Figs. 10(a), (b),
and (d) and the difference of f~k spectra between Figs. 10(a) and
(d). (a) Original seismic chimney data filled with gas hydrate with
an interval of 12.5 m. (b) Seismic section with a null trace between
two adjacent original traces (6.25 m interval). (c) The interpolated
data by using model-constrained MWNI with an interval of 6.25
m. (d) The difference between original data and interpolated data.

SAfske AW -] Bgs] Bxe e H)
2 & Yite] HASS & 5 vk Fae-m G
g e] AF (Fig. 11a)et WAHE 2 (Fig. 11¢)Q] 2fo]S Ko
T Fig. 11doIA= vl 2 expqt glorz Yite] 2 g
Aok & 4 k.

o|=go|ET}

E2fo|A HttS}(trace regularization) HSA |

Uiz QIZX|Zlm} Xt2

2000 o] % & ©f AL shite X zbpx #8E flsk
20020 o= gtE R Z+A-E(The Korean Crust
Research Team, KCRT)°ll &J8] = QAFZA RIS o] &3k
gk A2kt A7F W E I THKim e al., 2010). L ©]
F 2004, 2008301 %= thtR SlFA XS o] &3 A}
18 =] ATt

EROA ARRE ZFEE 2008950 FE BAlA Ao
AAEZ F ZAZolE 299 kmolH $417] 4= &1, 44l
7l Mee 5937H AEE 7HAL 4 msE 71EEAT. 2F S
AR BEE F e AmTt AR L FAlA P B

o
:

Distance (km) Distance (km)
20 85 90 95 100 105 80 &5 90 95 100 105

16

= o ——

Two-way traveltime (s)
=
Two-way traveltime (s)

20

20 -4

(a1)
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