¥£238 H4MW HoOER W MO B R Vol. 23 No. 4
2008 4F 8 H (T4 :1085~1091) PROGRESS IN GEOPHYSICS Aug. 2008

ETEXEFLAREFHER
SEENRHEER

ZREE, FAA?
LM (5 LR R 5 028 07T 9 T 40 56 % O IR R 2% 50 L L5 100083
2. o B 5 o 5 MR TS T« 407 B 5 T 455 0% AT 100029)

W E OAWNAIHOEBR LSS BHAEF AT HFeaRd . 28T o BB A AN B XNEEFT X ETRHH
EBEL BT EARGRATORAFRIRNAZN  EERGAEAF A EANHEAREARBELE FALERE
BOAES AR EEABATETHRAZR. AT EARABA FTH RS S BEAHEG T 0. REFRE
P EEAERGIEFHER 2B EEANRERH R, ZFLMER HBEG KRGS T ELRT LB
WMFELREATSTEROBE R TH IR BRI IR ERA KA ETEGSH . AR T AL HIEME S k0
P ERBREAIRBEOERN S BEET ERAEB TR EERBEOATLEL, LERFREFT R EEREN

BR T AL AR B
KEIE FRIBRAAGHER.ZXH>VGH. EFARARETF. HEHBEETLE
hE4SKE  P315 XEkARIRE A XEHRS 1004-2903(2008)04-1085-07

Seismic data reconstruction by explicit fractal interpolation
based on explicit vertical scaling factors
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Abstract In order to improve the accuracy of the reconstructed seismic data, this paper makes a detailed study into
the fractal interpolation method on the basis of the former work. The explicit expression of the fractal interpolation
function is applied and the locally explicit expression for the vertical scaling factors is put forward on the basis of di-
mension analysis. At the same time the interpolating accuracy is analyzed from the single trace seismographs. The in-
fluence of the vertical scaling factors on the precision of the fractal interpolation has been investigated. The numerical
experiments demonstrate that the interpolating residual is in proportion to the exponent function with increasing verti-
cal scaling factors. This explicit fractal interpolation method avoids the iteration that is inevitable in the traditional in-
terpolation method, and then it improves the computational efficiency. By analyzing the theoretical seismograms and
the reconstructed seismograms and the differences between them, the numerical results demonstrate that the fractal
interpolation method put forward here has high accuracy. The method not only makes the local information obvious
but also preserves the overall characteristics well of the seismic data.
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Fig.1 Fractal interpolated fitting curves corresponding

to different vertical scaling factors( y = sin*x )
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Table 3 Parameters of the testing model
MRS C(10°Pa) Cy3(101°Pa) Cy33(10"°Pa) Cs5(10'°Pa) ao (m/s) Bo(m/s) € 0 (o(kg/mg)
@ 1. 8816 0.6528 1. 8816 0.6144 2800 1600 0. 00 0. 00 2400
@) 2.3489 0. 7869 2.0605 0.6670 2900 1650 0.07 0.03 2450
©)] 2. 3880 0. 8282 2.1321 0.6833 2950 1670 0. 06 0.03 2450
@ 3.1233 0.9643 2.4025 0. 8100 3100 1800 0. 15 0.08 2500
® 4.0064 1. 2295 2.8617 0.9499 3350 1930 0.20 0. 10 2550
© 3.8322 1. 3202 2.7770 0. 9400 3300 1920 0.19 0.17 2550
@ 3.5625 1.1691 2.8730 0.9734 3350 1950 0.12 0.09 2560
® 3.3696 1.0764 3.3696 1. 1466 3600 2100 0. 00 0. 00 2660




1090 TSI I 25 &
2.0x10™ T 1.6x10™ ‘
Theoretical Theoretical
————— Fractal Interpolated M Fractal Interpolated
1 1o —-—-- Residual 12x107" - — - __ Residual
8.0x10™° -
E o0x10° £
> o
=l 2 1
2 2 4.0x10
3, s
E -1.0x10™ 18
< X < 0
0.0x10
2.0x10™ - 15
-4.0x10™ F
3.0x10™ ‘ : ‘ -8.0x10°"° : : ‘
0.0x10° 1.0x10° 2.0x10° 3.0x10 4.0x 0.0x10° 1.0x10 2.0x10 3.0x10° 4.0x10°
t/ms t/ms
(a) (b)
K8 M MEEENHZER, (a) (b)XFW A R i

Fig. 8 Seismograms reconstructed by fractal interpolation., (a) (b) correspond to different offsets

B Ca) L (b) P R A8 S 2R 3R Ui 3t 72 AT L 4K
BTN I A (B F A 0 3 R TR ) R 3R 3 T A R
IR FR 22 . AR O P R R 25 T ORI T AL R
A LR ER 22 o PR X R 22 1Y 5 AT A T A AL R AR
MR A T ONEE b E e B R 2% L RATTA
A wpre = i — e ERITH T —HREHE
BRZE RIS ML AN A R R e B /R . R 22 T 2 n] LU
HH A S B Ji) 9 R 25 A O R 48 R 2T iR
ZEAR /I NTTHEAE Rl DL 2 20 T8 4 1 3 22 1 3
o 15 B b P 22 8] 01 R 22 AR /N AT
AT B 0 07 i B AR JEE b R e k.

MBS 360 45 SR 7] LUA A SO G 9 23 TR 4
(R 0% n] LAAR i 3t B M 52 0 o 1 0 LA )
TR TSRS A S (A5 FAT A 7 5 A AR A
ARSI T RORRE B4R . BRI ELEL I T
ARACAR R 2 AEUR AL 5 RS BE TS SR AR s DA I L
19 PR 5 B4 JRy ¥R 72 A I AN 35 2 i 40 Kl ol £k v
PRI 25 T2 A A5 1 2% 1 Sy o A S S R i L ol

TTE AT 22 8 AR 58 1 0] DL — 23 SR R
e TR AR,

(3) /1 Foxh 2 B He 9 DR 2R 1 T JR AR AL Ak B R
W v AR G AR DT vk R A T AR R —
i B O TR B L OF g i T AR R T
AR IE A AR FATT A T7 35 A B R b Xk B 3 72 K]
B R LA T AL 48 5 s E i A R R L A0 IE
36 (L A9 R 22 B 1 L L 491 PR 0y s DR R B80S 4 T
B R RRE S 50 I WY B AT A e 1 i 5K AR
J7 B RES 5% B dle B R AR AR B AR AR 45 T
JE 06 R B S A A

(AR SCHIFFE 45 2R B 52 Wil 9 3 161 8 o A -5 4
T AEA G AT 58 U BRI U WF 58 A% A
IIEHRAA 2 MR X

B O B#MFTERFREALERERNBFRTE
Yy a4 AR R Ao ik AR GIAF 5T B 09 A ATk

g s . " 2 % X #f (References):
U, FRATTHE A S Ak T I BE R BT R AR Y
ﬁ}ﬁ{%‘l%\ y X% l':El T;}ﬁﬂi’?m%%ﬁffgl@\ [1] Mandelbort B. B.. How long is the coastline of Britain?, Sta-
tistical self-similarity and Fractal Dimension[]]. Science, 155
6 it fLib 636~638.
. [2] Barsley M. F. Fractal functions and interpolation[ ]J]. Con-
(D) 73 AR v e 5 4% 58 10 48 (6L D7 125 A RE e e structive Approximation, 1986 (2):303~329.
PIAR AR C 2 18] B Jay B AR PE B R BR . AR SCOE R 087 wAmde A2 b BRI 24 20T 19 7 S BL I S S H R A M.
TGS T 0 R RS ) A (L4 1 SR 35BS A 199 155,
B HICIEL A S0 5 T A5 30 0 1A LR 1 b B e B e fi}s*l;%?“g' Lot Gravhes
et e e N . L and Applications of Fracta . Beijing: China Railway Pub-
B (75 AT 158 22 23 By AL 25 1 DE A DD 2 AT A7 lishing House. 199561 5.
OARSCR R BIPARMI R TR~ L] g s, — ot mon kU] NS RORIT LR 5

AR R A /N X TR] b AT 5 SR T AR G e A

1996(3) :32~36.



4 3

FAEE 55T A TR O T 00 8 500 T A (7R HOR

1091

(5]

(6]

(7]

(8]

9]

(10]

[11]

[12]

[13]

[14]

Song W' S, Yang J J. Modeling method for the earth’s surface
[J]. Mini-Micro Systems, 1996 (3): 32~36.
Xie H P. Fractals in rock mechanics[ M]. Netherlands: A. A.
Balkema Publishers,1993,70~78.
Larner K, Gibson B, Rothman D. Trace interpolation and the
design of seismic surveys[ J]. Geophysics, 1981, 46. 407 ~
415.
Kabir M M N, Verschuur D J. Restoration of missing offsets
by parabolic Radon Transformation [ ]J]. Geophys. Prosp.
1995, 43.:347~368.
Ronen,J. Wave equation trace interpolation[ J]. Geophysics,
1987,52.973~984.
Spitz S. Seismic trace interpolation in F-X domain[ J]. Geo-
physics,1991,56:785~794.
Porsani M J. Seismic trace interpolation using half-step pre-
diction filters[J]. Geophysics,1999,64:1461~1467.
i /INEL S BRI XV S, 5 ) AR 289 5 D A S AR 5 AT
b TR RO 4 L) ). KB B R 2 24 4, 2000, 30 (Sup-
pl.): 150~153.
Meng X H, Hu C S, Liu HY, etal. The application of non-
uniform fast fourier transform to interpolation of geophysical
data[ J]. Journal of Changchun University of Science and
Technology (in Chinese), 2000,30(Suppl. ): 150~153.
TRLCAE, XIUE. B TR BE B HL op AR AR 35 50 b 7R E
(1. 4 #2006 ,,45(2) : 141~ 145,
Zhang H M, Liu H. Sparseness discrete t-p transform in ir-
regular seismic trace reconstruction[ J]. Geophysical Prospec-
ting for Petroleum, 2006,45(2) :141~145.
Craig M, Wittenbrink. IFS Fractal Interpolation for 2D and
3D Visualization[ C]. Proceedings of the 6th IEEE Visualiza-
tion Conference (VISUALIZATION 95), 1995.77~84.
INEESC, B VLA SRIE. 4308 36 (E R B R L LT ). Pl 5 45
24 1996 ,19(4) :540~543.
Sun B W,Ge J H, Zhang T. Fractal interpolated {unction and
its application[ J]. Electric Machines and Control, 1996, 19

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(4) :540~543.

W RS IR 53 A T B HC o Y L. 8 T 00l e 2 41 5 2000, 17
(3):9~14.

Yang S L. Fractal interpolation and its applications[ J]. Jour-
nal of Suzhou Railway Teachers College, 2000,17(3) :9~14.
TRABETT . 43 B o3 T 4 B X0 17 R 005 i DF S0 ). REL U9
FBEF R . 2003,19(5) :5~7.

Xu Q F. Study on subsection fractal interpolation for plane
curve fitting [J]. Journal of Yanbei Normal University,
2003,19(5) :5~7.

WEL L IITE , FK LS. B 5 5 G a4 1
WEELI]. MWLERLY: . 2005.30(2):76~77,80.

Fan Y H, Luan Y Z, Wang Y, et al. The method study of
combination of fractal interpolation and linear interpolation
[J]. Science of Surveying and Mapping, 2005,30(2) ;76 ~
77,80.

7S, 43 % 4 (8 B 43 98 4 Bk 52 [0 ). skl 0l 2 B 24 4l
2006,25(1):9~11.

Yang J. Study of fractal interpolation and fractal dimension
[J]. Journal of Wuhan Polytechnic University, 2006,25(1) ;
9~11.

R BLKEGE. RS RATML FuH - W L
2005:123~130.

Sha Z, Ruan H ]. Fractals and fitting[ M]. Hangzhou:
Zhengjiang University Press, 2005.: 123~ 130.

e . A A (0 4 PR LD 0. JE 00 S oK 2 24 3 (B R R 2F
) .2001,37(3):289~291.

Long J F. The condition of fractal interpolation[ J]. Journal
of Beijing Normal University(Natural Science), 2001,37(3):
289~291.

N JE AL ST — 28 TR AR S R L . % BRI
SRR CHARBI AR . 1998,4(4) . 18~21.

Feng Z G, Zhou Q S. Stability of a kind of fractal interpola-
tion[ J]. Journal of Anqing Teachers College (Natural Sci-
ence), 1998,4(4).18~21.



