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Interpolating equal group interval seismic traces by
Fourier reconstruction
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Abstract: The problems of large spatial sampling, dead traces and irregular sampling often happen in seismic acquisition,
which are suboptimal to process seismic data and obtain imaging results. Therefore, an improved interpolation method was
proposed. Extending original length of spatial distance, thickening spatial and wavenumber sampling and taking out certain
spectra by similar 2D F-K spectra can eliminate noise and alias, and also enhance the amplitude. The tests of synthetic mod-
els and real seismic data prove that good interpolation results can be obtained by the improved method.

Key words: seismic acquisition; interpolation; Fourier coefficients; non-quadratic model weight function; sparse inversion;

similar 2D F-K spectra

HEHERELSERD, &F WA TR REFRE
AR EMBEI WAL E, X5 6w
BEWBMBLEUR, FERE W RERE ",
R T RBR LR E R, b5 TR b B P
HWREHEEAR, KEAREREREREFSEESR
BEE, HEiE ZMAUGE BEAEE FE.F-
K 3,9 #E . Radon 754 2B 8 6 (H  HM IR 2 08
BEEEEAET . Zwartjes EV BB T KK
BB R R R EE B EE (FRSI) ik, It
FIERB/DEHE, IR M B SR
NBEERRHE , FIE IR IE N TUMA R B E KR
BISLRRE, LR B ER P A AR roiel, A

i 7% B %7 :2008 -01 -17
E 2T H : F5 863" %51 H (2006010941004 )

A7 AT IR S BEE R (A, IR R o 1
R, JELR 45 ] B 4t RS A REME A THR B, A BB %
ARz R, 25 AR E IR IB RS, BUR %
EEERALIEREA b, 20— Rk E 3.

1 AERE

1.1 JFEEE B E E M EE iR (NDFT)
BEMERSES, HALEREN LR
% 7 B 45 — 38 A I JB] 33 2 45 B 4 AR IR, BD p (x,,
o MRENEx,,%,, 2y, ] LEERERE
8 p(x,.f) RAE % EI BEFdE bt , A BE TR B O B
#3245 (DFT) , T R fig A 9F 2% BE 25 & #0082

EEE T L1978 - ), B (W) BILXRA, WEH5T 4, BN R BN R A T 5L,



-52- PREHRFFROEAFAFR)

2008 £ 12 A

#: (NDFT) “'“']2}‘H'§:@£u+§\ﬁ Proer (mAk,f) ,
ER A ‘
Prom(mAk.f) = $p(x, Nexp(jmAhe,) Ax,. (1)
Hep

Ax, =(%,, -%,,)/2,

Ak =27/ (xy_, —%,).
K, Axg , Axy oo, Ay HIEAL, EFTA EAAMER R
BIZS B RBEE L of R B EB R R - MAK/2,
MAk/2-1],

REk, FRE RN R Porr (mAK,f) HHEZER

FFER R R RS SR

Ak M2 -1 . B
p(x,.f) =5 Z Prorr(mAk.f)exp( ~jmAhs, ).

72 52 IR, e R 5 A 1 B B
(NFFT) %% NDFT ' 3474+ 8,
1.2 BERRBEHER(FRS) Hik

BT R TR A I R R R R B AL
BT T R R R B R E
AR R BOTR R . Ik AT T Gk
BB/, RS K 56 SO RE B2 1 454 T e
WS R AR

TERMEE] o, 3 K S BRI BIR 2
B BRI 8 F M YOUR BRI S 5oh, —
YRR 7 03 |2 AL B T X B ML B
A B ;T3 — YORE 57 o Ot K B B 5 3
IAUE W/ NRR S8/, BEERANSE, B
AR K XA TR, R M R E L, FRSI
FRE ) B AR '

J=§Mwﬂpﬂ@M+MTﬂﬁ (2)
Hrh
(Wl =5 Vs =500y s (A1 =350 - jmbs,)

(Pl =3(x,.0),[P) . =5 (mAk,f).
fz=C;' p RAR(2) , EEH

J=;1—2|| W (p -Az) 2 + |zl

K+
A =AC,
BRI T EBIB/MEM B RN
z=(A"WA +o2I) "'A " wp. (3)
Rep, A" HIERKFILIEMERE, B) A Wt RB B E
B tn i ol s,
£XG)RF, A5 R

P =C,(C, A"WAC, +o’I) "' C,A"Wp.

SRR LA B 2R R 89 SR SO AR R T
BB, E R KRBT — IR N

[Cp]ii = (0'; +p; p;)°

Kb p" R B E R e =12,1,2 351K 4.,
% . Cauchy PR Geman-McClure BB, 244, a
WATEFEHAMEL . M CHimE & p 2L
#.p=A"Wp, RESH o AiIRAYRHR, LK
FERERY p PESBYTE R PEXME,AE
S5 ARG ENE—E S REHTRBE,
1.3 HEF-K HEMHTHROBHER

FRSI #5877 % 0 F 4 18] BE K 2 8] SR A 1 3t 7%
BAEA RS TR, BOR 2 . B, 2R
BB E T BT

HRBE KA "4 F-K SHEE, AR
B B R E . SERAN % FKM
TERS B Z AL 7 T A 23 ) 370 4 30 ke 0 e 4 B v
BHEFRRD=AWp, TR p=A"Wp, BEHTHSE
BMDL 4 F-K SIS R k8w, B B A B e
BEPFLUO NP OMPREME , XBERA A TR
R 1] — R L R A A3 i AT S

BE R R ECRHER Ak =20/ (2y_, -
%) AREFLH, W H T AR 2 I BCRFEE

Ak, =2w/[ (j, +1) (2yy —x0) ]

K, Ak, FAEESUR 92 RIBEECRBE R 1, AR SR E
BETHER, MEETREXARRKEETEER
TS Y AP A R, RS2 A — 48 F-K SRS TR 2

GENNEE N e BalRs=t - Gk )
L=k, +1IM/(12A2) ] = 2k, Ax(j, + 1)
M].
K, L RS 8% B R B
18 s ko FHRGE A — 4 F-K 430 1 75 25 8] B BOR N
BE—THE /b, € [0,1/(28k) ] o EIZRE/NE
[ BCRBE R Ak, , R EIR BB RHE A L3RR
AR ERGE BRI REREER

M4 F-K 3, B A B EE B KRR
SHERE R FLLO AL M STiE A Bl A BTER
FEHE, B, B S BB ks HETTTEL = B+ K |
TEE A, FH S B9 FRSI 468 7 T

2 BERREEHEREZ/IH

WL EM ERE RET NFFT 46344
BRI,



232k $6%8

I3 F . FRABAEEBANE LT EEE

.53,

B, IR Ak F1 MR\ KL "4 FK
Bk, EEEHENHREE, AEE R AR
M [B] SR A 2 47 S R K45 X p = AV W, I NFFT
A7 1B B i i, 1S B DL A I e, T
PESH ke, Bk, T Lo

BEHBITEWE N FRSLIGME %, HHR0F

OBMACHMEREMHRLE HRENE W -

R—EBEXHXSH,
O FFT 18 E %1 7 %50 A iof [|] 38038 21 95 %

4.8 po
@Ff NFFT R A"Wp, 8 po
@ p 718 C,, [ NFFT 3R i} C, A"WAC, ,B] G,

OmLEMEE, TP =C,67'C,p BHE
4,75p,

@ b 18 B 5 3, S0 ISR R A i
e :

DM R TR, SO AUEERIE, B 0B
BN, @ b ERE SR, RESED ~
®.

BREEHS, RESK CHEWERIRE, R
BEEE—ANE S R RAT, T ko, OREEF R
AR,

3 BRERLRI

PR E R R AR A 1 R, 3t
76 3, A 10 m, [ 2 R fE B R o (R 3
H 8 6 5 I A 25 1 B e A AR SR BE 3 20 m,
FRSI MR B8 B0 1%,

i W o/n B o/ w
goo 12 20 28 36 44 52 60 68 (0-._“_-? 0025 0 0.025 0.05 0. 02 0.04 0.06
00 — et ——————— Ko et ] o - — 140 — - — .
F -
- >
TO0 wrens
800 100 + ""“\-\-..‘ i
900 | 220
% 200 | = -
» 1000 = | <
] — M e
;- 1100 . %
= & 300 & —
= 1200 300+ e
1 300 e 400 [
S . T —__‘_-_-\_-__-‘_"_'—
1400 — -
1 500 L —F 500 o s 380 b———
(a) HHdFR (b) f&l F-K #ilt (c) F-K Sl
1 FREBieEE
Fig.1 Original theoretical model
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Fig.2 Theoretical model of even empty traces
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Fig.3 Interpolation results of seismic model by unchanged FRSI
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Fig.4 Interpolation results of seismic model by changed FRSI

4 TEAMRE

FE S A S PR i b 7R T X8 AU Y FR-
SI 7 AT IR, B 5 R achrR g i A, 36 80 18,
6 B EEuE SR RN E. &7 2

MG FRSL BRI IEHE R, RES R o} K
1% .k, 0. 16, & 7(a) 5E 5(a) L, IRIBHIE
A AR IS M RF B RA B mE T
(b) FRERAEA E 5K S(b) M ; B 7(c) FHEE
HEER SRME S (c)—H.



#02% Fok I3, F . FAEREEREGE I ERE +55-

- PWo/n #Wo/n?
-0,32 -0.16 0 0.16 0.32 0 0.1 0.2 0.3 0.4
aF L : '

SEA £ /K2

(b) fIF-K SR

BS FReAEXREmAE
Fig.5 Original real seismic profile
ne H¥o/u! HHo/nt

4 1220 28 36 44 52 60 68 T6 -0,32 -0.16 0 0.16 0.32 0 0.1 0.2 03 0.4
LS 1 AR R 0 §

M) ¢/us
S /e
;¥ ki

(a) 38 M (b) flF-K S0 il%
6 BEATEMNXRSEHE
Fig.6 Real seismic profile of even empty traces
ne EWo/n? W o/w

-0.32 -0.16 0 0.16 0.32 0 0.1 02 03 0.4
0 -

= <
* »
! &3 :
.5
4
el : L 5 3. 5=F >
(a) Ha 78 (b) BIF-K8H (c) F-KSilt

H7 ASUEHRRRRBEEHEERINARERANNEELER
Fig.7 Interpolation results of real seismic data by changed FRSI
5 mEE HEEMERERNMKL, B REESRHORE
- Bt R4 7E Bzl P A Z AR
B ERREEYNLRBRNENIR, B RSB0 RSN SRR R Yk BT &
HEMREREEEMERTERLARRSNHE BENSR RATEEENEHESR. FIRENE
REEEHERTEF. EMATRUSINRAER By, AMEERREGS B, TS HLMER



« 56 -

TEBHRFFR(ARMFR)

2008 412 R

WAEAS B INGR , %f T 45 18 BE A REAR S Mo T4 (6
B TR P A 4 B B A4 S 0 e (NFFT) AL
PR R HGE L, ROT EKAR A T R ], RART
FREMBES R, B, ZRELRP LT
U

BEH:

(1]

[2]

(3]

[4]

[5]

(6]

(7]

DUIJNDAM A ] W, SCHONEWILLE M A, HINDRIKS
C O H. Reconstruction of band-limited signals, irregularly
sampled along one spatial direction [ J]. Geophysics,
1999,64 :524-538. :
KK, N RTHHEH - BROBEHEEN
(3], A ek RN, 2006 ,41 :281-285.
ZHANG Hong-mei, LIU Hong. Interpolation of poststack
seismic traces based on sparse discreter-p transform [ J].
Qil Geophysical Prospecting, 2006,41(3) :281-285.
BV B/, NG A L 0RO 18] B 2 4
ARAFTHRERET]. A HaRY # BR, 2003,38
(6):618-622.

LU Xiao-wei, CHEN Xiao-hong, DIAO Shun. Seismic
trace interpolation by using L1 norm to calculate time-
difference between traces[ J]. Oil Geophysical Prospec-
ting, 2003,38(6) :618-622.

TRAD D, ULRYCH T, SACCHI M. Latest views of the
sparse radon transform[ J]. Geophysics, 2003,68 :386-
399.

Ffra BELE. — R E A R R E S B NS T
E]. RABTERAR ,2000,22:211-215.

ZHOU Zhu-sheng, LU Jiang-nan. A fast and effective
seismic trace interpolation method|[ J]. Computing Techni-
ques for Geophysical and Geochemical Exploration,
2000,122(3) :211-215.

FEYBREBKE, S TS EBRENE
Fk(1]. ARy AR, 2002,37(1) :29-38.
WANG Jian-li, GUO Shu-xiang, YANG Chang-chun, et
al. Seismic trace interpolation with generalized spectral
decomposition| J]. Oil Geophysical Prospecting, 2002,37
(1):29-32.

HINDRIKS K, DUIJNDAM A J W. Reconstruction of 3D

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

‘{16]

(17]

seismic signals irregularly sampled along two spatial coor-
dinates[ J]. Geophysics,2000,65 :253-263.
ZWARTJES P M, GISOLF A. Fourier reconstruction with
sparse inversion [ J]. Geophysical Prospecting,2007,55:
199-221.
ZWARTJES P M, DUIJNDAM A J W. Optimizing Recon-
struction for Sparse Spatial Sampling{ C/OL]. 70th Ann
Internat Mtg, Soc Expl Geophys, 2000 Technical Program
Expanded Abstracts,Calgary, Canada, January,2000[ 2007-
05-12]. http://segdl. aip. org/dbi/SGA02162. pd.
ZWARTJES P M, SACCHI M D. Fourier reconstruction of
non-uniformly sampled, aliased data[ C/OL]. 74th Ann
Internat Mtg, Soc Expl Geophys, 2004 Technical Program
Expanded Abstracts, Denver, USA, January, 2004 [ 2007~
05-12]. http:// segdt. aip. org/dbt/SGA001997. pdf.
SACCHI M D, ULRYCH T J. Estimation of the discrete
Fourier transform: a linear inversion approach[J]. Geo-
physics, 1996 ,61:1128-1136.
FEICHTINGER H, GROCHENIG K, STROHMER T.
Efficient numerical methods in non-uniform sampling
theory[ J]. Numerische Mathematik, 1995, 69. 423-
440.
DUTT A, ROKHLIN V. Fast Fourier transforms for non-
equispaced data[ J]. SIAM J Sci Comput, 1993,14.1368-
1393.
BEYLKIN G. On the fast Fourier transform of functions
with singularities[J]. Applied and Computational Har-
monic Analysis,1995,2.363-381.
DUIJNDAM A ] W, SCHONEWILLE M A. Non-uni-
form fast Fourier transform [ J]. Geophysics, 1999,64;
539-551.
AMUNDSEN L. Comparison of the least-squares criteri-
on and the Cauchy criterion in frequency-wavenumber
inversion[ J]. Geophysics,1991,56:2027-2035.
HABER E. Numerical strategies for the solution of in-
verse problems [ D]. Columbia: University of British
Columbia, 1997.

(&8 #BRR)



