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Fig. 1 Technical route flow chart
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Fig. 2 High resolution flow chart of spectral bluing
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Fig. 6 High resolution processing of forward data
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Fig. 7 Pre—stack path set and Calibration results

0.230 0.4 0.4k

o225k 0.3p 03
' 02 02

0.220 L 0.1 0.1 L
1.0 1.5 20 1 2 3 I 2 3

(b)M2 () MECH3

041 04r 04r

0.2F K/ 0.2t \J 0.2-\\/
0 é 4 J 0 1 1 ] 0 1 1 1

04r 04p 0.4p

o \/ " \// " \/

00 2 4 6 8 00 5 10 00 5 10

() Mh7 (WM H8 ) MECN9
B8 RREAMEAE SN BEAIRF A

Fig. 8 Mean instantaneous frequencies
of different number of IMFs

ANE IR AEAR B AL s 25 0 Bk 4 1) 24k
S S BN WS (HLIGR ISR 140 {1 A A R AR A R
,JZIK 5o 3 AL, BB B 2 R RER

PN

Ak, R A B Lm0 4.

& 9 KRR 485 VMD 2345 5] 5 A [l A
TEREZS At o IMF4 BE AR S ﬂﬂﬂﬁﬂﬁﬁﬁiﬂa
FELHEIERATIA Y IMF4 MRS, 22 f5 i b
IMF1,IMF2,IMF3 #£7 Eﬁﬂa&}iﬁ@ﬁ 5305
O3PS HE B (B 10(0)) . B 10 AR & 4

WAL PRAS R B HE A X 2 620 ms = 2 920 ms
Y DX I A TS B, W 11 s, ﬁﬂXﬂ?ﬁnﬁ

I DL AT ik AR gk i AL A S 1 &
TEAEAH EE AR J7 45 30 1) (7] AH il B8 35 b 432;@@%
W, & 12 AORRED AN E S5 B AT A ik Ab
FRIG 35 (B 12 (d)) EMM 23 Hz #3817
42 Hz M8 TGS WA 7 2 5 1% F A 5 s BRIk
FNFE TR L PR T L

R T B UEAS J5 1 B AT EE P WA T A B ()
B HTIE S 5O 1 EOE A AT T bR DA R AT R
AVO 43#7.



256

PRI F A

46 %

600 600 600 600

=y = =y =y
4800 4800 4800 4800
99 gaggs 7300 99 s 7300099 s 730099 s 7300
(@)IMF1 (0)IMF2 (©)IMF3 (d)IMF4

B9 KEftESsE

Fig. 9 Intrinsic mode function

I [ /ms

)
W R el
) "*:Ew »»mvﬁwnhbw{h

i T 4000 L2 o — Ao 400 e e
99 s iR 2300 99 (s e 2300 99 TR
(a) it 11k (b)iE 1L ()AL Ti i

10 RRE &5 LR
Fig. 10 Different high resolution processing results

2620 CEERISY 2620" ‘
TR T RO
E 'f »»b»»»»;»,»r »»»»»» ’ppyfyvppyvpv E vpyyppgbgvry,yyy vp;»;f ’yry,r[ r{;[
= | I ib“tw;i; ‘L)l»)b“‘n mm;,.{ = tl'i“’i“rlm il )m»»pm } |
~ i ‘Et""‘» N W N um‘n r'm
) IJJ "l'u i1 {IJ r‘ “ | ' ’
292(7)()»11 115811 '()@?E%E R NN m fﬁ%ﬁ}t , r o
a)JE (byi
2620””' g 1T T 2620 “’ S A m .;
i 1{'!,??,?’!{!\"'E!!!‘!'” R
R : ;k'P"”""r'r"’""”; i
}l it E : ri».ig»;.:‘:'j.;;;g;'.;',»;..,...::;;;..:f;:;;;é
:‘r [ ]‘ i D&L')l).pt!b:)bné;.iz;:' ‘ . ¢ ;h:;“;'},‘
292 L il q ? wansndl 2920””'4’?”""1!“; "‘! »
700 fﬁ%ﬁﬁ 3699 700 [y 3699

(c)HE AL (ARST7i%

11 ARG k@R
Fig. 11 Comparison of high resolution results of different methods



3 BB ATESEAS) BB ENT REENETA D HLE T TR E LA 257
15 15¢
2 1.0F 2 10f
E E
= =
£ £
< 0sf <05t
O 1 1 1 1 0 1 1 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Hi# /Hz S /Hz
(a) G AR A (b)itk (A AT
L5 L5
Z1.0F L1.0fF
E E
= =
£ £
<05k <05r
0 1 1 1 1 0 1 1 1 1 J
0 20 40 60 8 100 120 0 20 40 60 80 100 120
$i#% /Hz $ii#% /Hz
(o) ik WAk AT (ARSI A
12 RRBF &332 69 0%
Fig. 12 Spectrum obtained by each method
) | E S R SN R | i
i | 185 ﬁmﬁ (i R ) R g iEZi
& T T i - % s THT I AT PRTITE
-+ & it LA -m'zsoo
i . T e O ('m'*
; | 1 ; | @ hwvh
2 P i 2600
i H H o g,”u
il i 1 ] iy
e LA 22 |11 i g ST )
il & il ] g T
] i ] i e .‘_._W"..t |
3ThE ¥ ETl ek L O
e iy Wl’.". J..""‘»JM!E
~~~~~~ g § ér ,b 2800
% g 3 L H" ’H’lnl,
k: — 'g % 2 nm» g hhulh’”"
}} = 2 # J/H l:x ..'m”!:lwoo
1 E ‘1 J I
% { ;ﬂuj& l" W
............ Bt
' . 3000
g 4 - ‘ "Hh -
) il 3 N 2 i 'I”""
(a)itk EMJc (b)iE 5t ()AL 7k
B 13 mAE4R

[l 13 AR 7 i 3RS 2 ) F T iE 5 5 T IE
ifa-ii_%t‘f@ﬁ%#% Bl 130 AT AL BRI bR 2
At AR TR S ) T IE AR R
) A DU A () 55 D0 - 1 i 1 4 (21 68) AH DRI, P 2
— BT . TG BT B S A P R SR g
G PR BR E AU

SR AT LA AT I L 2

AR s BIG EE 2

Fig. 13 Calibration results

23 B A IS A BT
A 0.792 11 #2553 7 0. 901 07, FAE Ttk ik S5
Pk T B AR 5 A0 T 1 3 20 = B — B Rl AR b5 8

o HREIREMKREL

O . Z R4S 2 A1 A 5 I T
FEX A E P IR T = hn e - AP 14 AT

15 iz o AR T IR K5 » o 70 B Ak B A 200 1



258

PRI FH AR

46 %

B L ZH DU B A [ AR A B D B e A s 285 SR 4
1380 THRGE W ZA TE A T4,

P X Ay HEAL BT S 1Y & AT A 2R T AVO
YT AFEIRARL A AVO #hZR (& 16) D 48 I A
BT FL(PG) T (& 17) . XF - OF 3 4E 47
AVO ZHrS 3 HE AVO i (8 16 () %5
LA i 05 B O A2 FE 8 IR/ N AVO H#1E. AR
16 taf DUE L IR EE 9 AVO i Zeh PR g 2o

AHIE AR . 8w o FE AL RS B AT ISR Y
JE b TE g
D i
7 i 600
b L
Sy [ b
i 13 2700
f_llULHQ“
RS 2300
o
¥ (L1l :
s B 2000
(a)AbFR R bR 5 25 (bbb 5 2R
B 14 F2EmoHLEmAEiFEesER

Fig. 14 Calibration results of well 2 before and

after high resolution treatment

AVO FAEZEMIRPRF T I20  BE AR SO 5T
TR RIEYE R . FEHEAT PG A HE 70 A i, 32
B 45 SRR R B AR AT AL, 2L sl Fon

fitt)Z2 & AKX HA g 6 2R 64662 OKZ VI EER)Z
&), HEEE 17 LIE H EHWAE SR

Wi 7 553 5 A TN A A SR A . N TR 15 40 B AL B
JE BN 17 (b)) S5 17 (o) firs, K’ 17 (o) 723

AL AT DA A LR A R S 5 S B
Hrid L ARAT
of | IE v
RES eSS
-
2 i
}§ “““““
I
it
i wr::\l: ('
? i
ﬂiﬁ |

(a) Kb FE FT b 45 (b)ﬁuEFhm
B 15 3 aashLtmarEiaesR
Fig. 15 Calibration results of well 3 before

and after high resolution treatment

0.2
Z 0
£—02
3—0.4
—0.6
<08
7]06 IQ I IQ IQIQIQIQIQ IQIQIQ IQ IQ Q N
S N R R I MRS
Offset
(a)FLIEAVOH 2%
91 1.0
3 8:8 r 3 08k
ERTE 206
Z05F 204}
WL T Eer T
z §% i Z02F
(1) 1 1 1 1 1 1 1 J 0 C 1 1 1 1 1 1 1 J
0 1000 2000 3000 4000 5000 6000 7000 8000 0 1000 2000 3000 4000 5000 6000 7000 8000
Offset Offset
(b)RUEAVO I £ () F T AL HL 5 AVO Hh 28

B 16 AVO W
Fig. 16 AVO curve



34 HBE.F ATELBASMYEENT REENMLE TS HRE PR AR A 259

Xline 1327 1388

1460

2750

i [11)/ms

2950

Xline 1327 1388

(a) FRUA A

2750

Xline 1327 1388

(b)iE b gt 3

(OZSWipFs~F

17 WEFA AVO 24789 PG 21 &
Fig. 17 The AVO analysis of the PG profile of the seismic data

D VMD 5155k A4 & 6 H R gEphiE T
OIS A AT DU A M Gt vk i A 7 R A T AL
HETTA LK B AR B 5, IR 3 T R A 3

2)fifi AR 5 3 5 )1 W 3 [X e 7% 0k R £ Ak B
RO T SERE A N 23 Hz #3142 Hz,
BN A I FEATTERRAE . M= GORH % [EAH S B 1
T SRR A VRS I ATSE S s
2 S ER R , 08 T L S b B v MR S B A Y
B, RO A B, - HEA B PR R

3) 3 3 K AR Ty T A B 11 B T T AR S I I v
HEEPITFRE . LS AVO 2081 i1 PG 2552,
AL AL SRS A8 SIS B AR A . UESE
T ARSI AT S L A S SR e R SR B LA
KPSV EZATT 7RI HA .,

SRk
(1] (i, 54, CASTAGNA J, %5, ek A

[2]

(3]

[4]

(5]

BT < 17 43 B b R A3 RAR S Ja8 12 43 B B AR 5
SRAIRCRIT]. HisARTZk . 2023, 30(1): 199—212.
JIANG R Q, WU J, CASTAGNA ], et al. Recent ad-
vances in geophysical technology: High — resolution
seismic frequency and phase analysis techniques and
applications [ ] ]. FEarth Science Frontiers, 2023, 30
(1): 199—212. (In Chinese)
DRAGOMIRETSKIY K, ZOSSO
mode decomposition[ J ]. IEEE Transactions on Signal
Processing, 2014, 62(3): 531—>544.
DRAGOMIRETSKIY K, ZOSSO D. Two — dimen-

sional variational mode decomposition [ C]//interna-

D. Variational

tional workshop on energy minimization methods in
computer vision and pattern recognition. Cham:
Springer, 2015: 197—208.

MR, B TR OR 1 #5215 5 R
[D]. M. RAEFTRY:, 2018.

WEN Z P. Seismic random noise attenuation based on
modal decomposition technique [ DJ]. Fuzhou: East
China Institute of Technology, 2018. (In Chinese)
Ak, BT B BUR MRS IV O R AR
MR R g (D], KR EHARORE, 2020,



260

PRI FH AR

46 %

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

LI L L. Research on desert seismic signal denoising
based on 2D compact variational mode decomposition
[D]. Changchun: Jilin University, 2020. (In Chinese)
TR, TRAR, SRIVL, S5 BT VMD BREHEHE
RTG53k D ERE R ()], CT 2 5 8 T
5%, 2021, 30(2): 148—160.

J1Z Q, ZHANG X Q, ZHANG H J, et al. Research
on spectral whitening method of seismic while drilling
ahead detection signals based on VMD[]]. Computer-
ized Tomography Theory and Applications, 2021, 30
(2): 148—160. (In Chinese)

Wtk XUX6H, R0, . BT REPLA BT Y52
LTI HER Y WO (1] AR, 2009, 48
(3): 213—220.

YAOY, LIUX L, WU J F, et al. Spread spectrum
method for improving seismic record resolution based
on random medium[]J]. Geophysical Prospecting for
Petroleum, 2009, 48(3): 213—220. (In Chinese)
AR, A, BRS, & ETEN RHENAER
ANARA R T BRI LT ). A i b Bk B 4R 1999,
34(5): 491—499.

SHID X, LI Y, YIN F L, et al

phase wavelet obtainment based on high— order accu-

Non — minimum
mulated amount [ J]. Oil Geophysical Prospecting,
1999, 34(5): 491—499. (In Chinese)

WALDEN A T, HOSKEN J W J. An investigation of
the spectral properties of primary reflection Coeffi-
cients[ ] |. Geophysical Prospecting, 1985, 33(3): 400
—435.

B, arA I, BUARAE, SR uR R L LT
WA, 1998, 18CHIF] 1) 230—233.

ZHAO B, YU SP, HE Z H, et al. Blue filter and its
application[ ] |. Mineralogy and Petrology, 1998, 18
(S1): 230—233. (In Chinese)

BLACHE—FRASER G, NEEP ]. Increasing seismic
resolution using spectral blueing and colored inversion:
Cannonball field, Trinidad[ C]//SEG Technical Pro-
gram Expanded Abstracts 2004. Society of Explora-
tion Geophysicists, 2004 1794—1797.

LANCASTER S J, CONNOLLY P A. Fractal laye-
ring as a model for coloured inversion and blueing
[C]//69th EAGE Conference and Exhibition incorpo-
rating SPE EUROPEC 2007. London, UK, European
Association of Geoscientists & Engineers, 2007: cp—
27—00205.

KA, AR, TOR, . —FOREUEESSEAHA Y &
Mg RARBFRRELT]. RICATRF24R, 2013,
37(6): 42—46.

[14]

[15]

[16]

[17]

(18]

[19]

[20]

ZHANG H, LI L L, YU Q, et al. A high— order
“blue” deconvolution method using a non — winding
phase[ J]. Journal of Northeast Petroleum University,
2013, 37(6): 42—46. (In Chinese)

XN, M2, A, A HUZ U BORTE I
TF R A2 SR v BRI L ] W el <CH, 2016, 23
(3): 320—323.

LIULY, YANGHW, LIJ S, et al. Application of
stratigraphic slice in reservoir exploration and interpre-
tation[ J ]. Fault— Block Oil & Gas Field, 2016, 23
(3): 320—323. (In Chinese)

XA, EEKA, DIV, 3 R AL AR AE R vl
JZE TN P ST ). S22 AR, 2016, 9(1): 31—
34.

LIUJ W, GAO QJ, SHI T. Application of spectral
bluing frequence technology in reservoir prediction of
Dawangzhuang Area[ J]. Complex Hydrocarbon Res-
ervoirs, 2016, 9(1): 31—34. (In Chinese)
KAZEMEINI S H, FOMEL S, JUHLIN C. Prestack
spectral blueing: A tool for increasing seismic resolu-
tion[ C]//SEG Technical Program Expanded Abstracts
2008. Society of Exploration Geophysicists, 2008 854
—858.

KAZEMEINI S H, YANG C, JUHLIN C, et al. En-
hancing seismic data resolution using the prestack
blueing technique: An example from the Ketzin C O,
injection site, Germany[ J]. GEOPHYSICS, 2010, 75
(6): V101—V110.

VILLAMIZAR B, LIU H Y, CHENG N F. Increas-
ing the value of seismic data with pre— stack spectral
blueing [ C]//SEG 2018 Workshop: Reservoir Geo-
physics, Daqging, China, 5 - 7 August 2018. Dagqing,
China. Society of Exploration Geophysicists and the
Chinese Geophysical Society, 2018. 24—27.

YT, R, HEIR, & F TGl IR A
FE/E13 Baob i1 g E T s g iz T ], A il Bk )
FRERER, 2020, 55(6): 1343—1348.

LIX B, ZHAOJJ, JINJ L, et al. Pre—stack spec-
trum blueing frequency increasing technique: A case
study on reservoir prediction in Chad Baob Oilfield[ J].
Oil Geophysical Prospecting, 2020, 55(6): 1343 —
1348. (In Chinese)

L R, BAE, & HREEIE R RS
ST HEEARZ 0N AR DASRYL O ZEH R A 6]
(1], WA AT, 2022, 27(2): 201—208.

DONG Z, LI L, ZHAO W C, et al. Application of
well controlled gather spectral bluing technology in

high resolution reservoir prediction: Taking R Oilfield



3 4

HASHE, 5 R T RS 4 ey ATy i e B AT R TUR 3 2 PRALZE P 09 BT 50 % 5 )

261

[21]

[22]

of Pearl River Mouth Basin as an example[ J]. Marine
Origin Petroleum Geology, 2022, 27(2): 201 — 208.
(In Chinese)

TR, SAFE, Xk, 5. TR 4B Bis o
i 5T 0K T BFs R ELT]. KT EAR
Gi2 4, 2021, 29(2): 153—163

FUTQ, HUQ, LIU Y, et al. Underwater target i-
dentification method based on optimized 2D variational
mode decomposition and transfer learning[J]. Journal
of Unmanned Undersea Systems, 2021, 29(2). 153—
163. (In Chinese)

KA. VMD 7554 i KR 2 k)] 22
SCHPEBE AR CA SRR RO » 2022, 36(4) 2 75—79.
ZHANG ]J. The K value determination method of
VMD in signal decomposition[ J]. Journal of Lanzhou

University of Arts and Science (Natural Sciences),

[23]

[24]

2022, 36(4): 75—79. (In Chinese)

ArErrE . B, el 45 BT VMD MR B
PRSI S T ], TFEALI S 4. 2022,
30(7): 261—266.

YU Y P, LUO P B, YANG X M, et al. Research on
noise reduction method of phased array ultrasonic sig-
nal based on VMD[]]. Computer Measurement &
Control, 2022, 30(7): 261—266. (In Chinese)

TREE TERREE. HUREUE S A R K
ML) demifE BRI R 22k (A AR B0,
2020, 35(1): 63—68.

ZHANG L, WANG Y D. Calculation and application of
spectral blue operator of the frequency division seismic data
[J]. Journal of Beijing Information Science &. Technology
University, 2020, 35(1): 63—68. (In Chinese)

Research and application of pre-stack spectral bluing method based on VMD

XIAO Yufeng, CAO Junxing, FU Jingcheng, SHI Shaochen, XIANG Tao

(Key Laboratory of Earth Exploration and Information Technology of Ministry of

Education, Chengdu University of Technology, Chengdu

610059, China)

Abstract: The resolution of pre-stack seismic data will affect the accuracy of pre-stack inversion and the results of AVO a-

nalysis, so it is particularly important to improve the resolution of the pre-stack track set. The spectral bluing high-resolution

method combines well-logging information to make the seismic data close to the actual situation. However, in the calculation

process. the average amplitude spectrum of each channel superposition is used to calculate the spectrum bluing operator, which

leads to some spectral information not involved in the calculation. Therefore, this paper proposes a spectral bluing method

based on VMD (variational mode decomposition method). The seismic data is decomposed into multiple IMFs (intrinsic mode

components) through VMD, The spectral bluing operator is calculated to improve the resolution of each IMF, and the high-

resolution seismic data results are obtained through reconstruction. The proposed method has been applied to the processing of

synthetic track sets and actual seismic track set data. The results show that the spectral bluing method based on VMD can fur-

ther improve the spectral information and the resolution of the pre-stack track set, and it is consistent with the forward track

set of actual logging data

Keywords: pre-stack inversion; spectral blue; high resolution; variational mode decomposition



