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Summary

Natural signals are continues, therefore, digitizing is an essential task enabling us to use
computing tools to process them. According to the Nyquist/Shannon sampling theory, the
sampling frequency must be at least twice the maximum frequency contained in the signal
which is being sampled; otherwise, some high frequencies may be aliased and result in a
bad reconstruction. The Nyquist sampling rate makes it possible to reconstruct the
original signal exactly from its acquired samples.

To enhance the efficiency of sampling process, a procedure is to use a high sampling
rate. But the huge volume of generated data by this approach is a major challenge in many
fields, like seismic exploration, and moreover, sometimes the sampling equipment cannot
handle the broad frequency band.

Seismic data acquisition includes sampling in time and spatial directions of a
waveform that is generated by some sources like dynamite. Sampling should be done
according to a regular pattern of receivers. Nevertheless, generally due to some
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acquisition obstacles seismic data sets are irregularly sampled in spatial direction(s). This
irregularity causes a low quality seismic images that contain artifacts and missing traces.

One of the approaches that have been developed to deal with this defect is
interpolation of the acquired data according to a regular grid. Through the interpolation
we can achieve an estimation of the fully sampled desired signal. This approach can also
be as a tool to design an acquisition geometry which is sparser and results in more cost
effective survey.

Compressive sensing (CS) theory has been developed helping us to sample data below
Nyquist sampling rate while being able to reconstruct them by considering the solution of
an optimization problem. This theory claims that the signals/images that can be presented
sparsely under a pre-specified basis or frame can be reconstructed accurately from a few
numbers of its samples. The principle of the CS is based on the Tikhonov regularization
like equation (eq. 1) which utilizes sparsifying regularization terms. In equation (1), the
CS sampling operator, A =SMC™', contains three elements: (i) a sparsifying transform C

which provides a sparse presentation of signals/images according to the used basis, (ii)
measurement matrix M which for seismic issue is identity matrix, and (iii) under sampling
operator S which is incoherent with sparsifying operator C.

Curvelet transform contains a frame set whose elements have a great correlation with
curve-like reflection events presented in seismic data and can provide a sparse
presentation of seismic images. The under sampling scheme used in this paper is Jitter
that allows controlling the maximum gap size between known traces. Another commonly
used under sampling scheme is Gaussian random or binary random. Since under sampling
appearance in frequency domain is a Gaussian random noise, the interpolation problem
can be treated as a nonlinear de-noising problem. Curvelet frames are an optimal choice
for this purpose.

The sparsity regularization plays a leading role in CS theory. This approach has also
been effectively applied on other problems like de-noising and de-convolution. There are
a wide range of functions that can impose sparsity in regularization equation. The
performance of these functions to interpolate an incomplete data is related to their ability
in coherency with initial model properties. There are a variety of potential functions and
the [;-norm is the well-known and commonly used of them. But still a comprehensive
study to find out which of them is more efficient for seismic image reconstruction is
necessary. This defect is because of absence of a general potential function. Here we use a
general potential function which enables us to compare the efficiency of a wide range of
potential functions and find the optimum one for our problem. This regularization
function incudes |,-norm functions and others as its especial cases which are presented in
Table 1. This general function covers both convex and non-convex regularization
functions. In this paper we use the potential function to compare the efficiency of
different approaches in CS algorithm.

Through solving regularization problems a controversial part is setting the best
regularization parameter, 7 € R". Here due to redundancy of curvelet transform,
assigning a proper parameter will face some difficulties. Many approaches like L-curve,
Sain's unbiased risk estimate (SURE), and generalized cross validation (GCV), face
some difficulties in finding this parameter. Therefore, we inclined to use some nonlinear
approaches, such as NGCV (Nonlinear GCV) and WURE (Weighted SURE).

The efficiency of the mentioned methods for estimating regularization parameter and
choosing the best potential function is evaluated by considering a synthetic noisy seismic
image. By under-sampling this image and removing more than 60% of its traces, the
initial/observed model will be reconstructed. This imperfect image serves as our acquired
seismic data. In solving equation (1) we use a forward-backward splitting recursion
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algorithm. Finally through this algorithm we could reach the optimum potential function
and a method to estimate the regularization parameter.

Keywords: Seismic data interpolation/reconstruction, Compressive sensing, Sparsity,

Curvelet transform

e 20 Glp ol G S Ss el 4 B

-V s ‘..:‘...EJ awd aw 4 Olg e ) LT &S Llods
5 orel) Sl sl Rles sl p laiss
wl b rsy -Y (VA8Y (OISl A8 (e g
25 51,55 sl 5L (b0sss alis (sdud s b
al 5 b Sy - 5 (048) (ol 9148Y (o y S)
Al s L) 0T wile 5 4, il ol SBLas
by ool (I (V488 ¢ 535Sl 5 plmy 53 1447
juw\;&,ﬁ‘}nszu,ubg@j;w‘bw@
e b osg el LN pwle Ol ddien OT L5
o by e b MK Ol 03 b (615 4 gal 4 S

RGO PR

eoldisy ¥

05 ,id 1 phisai 4 Ll V-

» (Compressive Sensing) os,£8 (s,15 pd gad 4 k3
G133 6l P e SOU O 5 4 ks s
Sk ol Gl ) s b IS 6 e
sl Ghyls ool b Cov g b I &K
GG K Ol a b al Jhe b e S
sl ol Sl 0SSl L Ol s AL (Sparse)
58 Gl o e B L sl S

ol Giluang dolae G o sl 4 k3 ol

:Jﬁgsa
X(r) = arg minHAX— sz + rzigo(xi) M

JJJTJ,Z J-\.A)'ZE Rn><1 cadsles . oo c\;d.ll BE ny

Aadde
Sl Sl s Kl gy WIS 51 ol b 5o
S35 S S ey s 56l b1 T ol
4 dwgs 5 amdle S 1 T awl 58
Jol s b1y e U 5 late gy 357 S (3
SIS sl6 S (S o Sola s ot
sl S 51 I8 BB B el (28IE
S S 05l 4k Gh (il pasel ol ey
9> Jla= & gdeluy b sl (Nyquist-Shannon)
3.8 Do ool g IS ol 0 5855
4l s Coils gl pas (23S o HUS L 01
Slos ) O S5 sy 55 3l s sl SIS
ader S5l o3 S Sl ke ki el o)
S Cl s S 3l COoda (Sl S i
5 s e ) 03 55lms Lo i olse
S Lgh e edls HIF el ey &S dm,\;ﬁf
s SOU 0L 4 Gb ol il 1) 154 s
S A s S g o Sl Lo S Ot S
s 13 piged cpl 3 edd (ilsl 5 edaT Cewsa
Cle ol Glslp by b slaslisy foli &5 Col
T VOGO IR SN U PR - R
OT le 5 (6 Grolo cladilin gy dile il g0 542 5
S San (g0 GLaidls 53 ol cpl 4 b
33 31 3l eslizal dia s o e ol s 26 s
onl 33 3,15 3Ll b o § b n 1 &S ol 0k S
Gbosls oLogys sl fy) 4 L S Cwl Lls
el o Bl glae Jsy (3Ll sl sl )

J_}";"@



AFAY Y o5lad oFr 093 (Lad g ey S 5 Ae sY

Jos oS e Sle abE 5 S e dadier glazils
&Skl Y000 OLSs 5 wkS) (Curvelet)ods S
ol Sl cBa cpl 4 s sl (YooY O,
oo Ol H A e (Jor 53 il o
C 5 Sopiiges Sae S 55 s A=SC
Wl SIS s e las
bty ST s b ol s ST L 2
JUEt L 27 ebide 53 s S e 5 Llglej J o b
N e S Py i
Slwly 53 delurmOle) ambo (gie oy L ady S
a8 K Sl oG T e Sy a5l 5 gl

() JSe) el

Sekel st 3,088 esly et Sl pladbe N Jguer

S el @U A3l
P g | 95X kst g his
1 -1 | X|
2 0 In(X* +1)
2
2 1 2X
X +1
| X]
1 1
| x| +1

f !
LA L L | 1 N A
250 -200 150 100 S0 0 50 100 150 200 250

M.LQ\LJ;)SQ:))TQ“:@ Sl by amin (g 2 N JS.JA

.w\d;;;ﬁ: J:bugi'«_)njg

3 Slles j3 0l Clils p eslsye R™ cdtigw sy
st ses le Ko Juls &8 ol (5 Shae Ac R™
el TER 5 s R PRt gC
b opllae Ui 1 eR™ 350 pn 0l Slapliie
ol sen bl 3 S a (So1 i sas OT 5l &7 o
6 w1y (2b0sys dis pabse ol & wl M<n
AS o Jos  (underdetermined)  iaesd ks
(YA (D)

gs;ﬁu:"‘ J:ML:{ L;\AGU S5 alies o J> Sl
T cp s, s DS SN aS ssk o eslanal
S5 elal N Jgds 5 edd ST s)lse 4 Ol o
45 5 Ll gble s cslan plaS a & i Slapt
el piemle 5 e G Sl s e
e ol pbws Gl 2 sd(or plea! Joily
o (V) (i 5 () il Joily b5 eSS
Pl (V) dasly o) oy 7 0 0

1 .
—(A=-(xIP+D™ if q=0
U L L .

In(| x| +1) if g=0
ol XER 5 pe(02], gef-l4m) eyl 53 oS
Slp IS b ol i ) sl 53 S 650k
b5 Golie glml 4 (pg) edd o polis
5 3l Vg &S mb ol b 0sST s
ety SLml S ey b e ) (U050

NG W PV

<y S oS’ K b ¥-¥
Lyl p 3 ko3l b g 5 S 53 45 6 S Olea
ol el loj ) o eSS boss 5 @il
4 63355 IS 058 6 a3l 03,28 (5513 24 god
5 6los ) LS Conle 4 5 s 025 S

03 ley ) Gl )5 s g lasl gy O3y Jslda



sy £l )"L«A['.E.‘.u 5&@5 S slas gazmo b glo ) slmesly b0 9y

Sample Number

100 200 300 400 500

Sample Number

(o)

N =
o o
o o

w
o
o

Sample Number

I
o
o

500

100 200 300 400 500

Sample Number

(<an

O 034 2 4\:.4505.«5 C,J_gjs (u) k) J.ALW.: o) \P4.16,(23,34) C,JJJS J..:\w (@)A1 JS.::

(generalized cross validation), SURE (Sain's
unbiased risk estimate), L Curve, Discrepancy

wwd 93 4 Olg oo Iy B9y opl .5 S o,lal principle
s is, s SURE wile 65 Sledbl 4y sla i)
Ll (V) doles Sy Can Sl Sk aly
A biss 2l @S el @5 28 s GCV
gl 4 015 o0 T oz 1S ol eyl i |
Solsen 5 S33ys bosls e sy o Ken iy
25 oslal (V) dslae Sy Can (515!
ks 3l i ol g3 s oylal S 680k
bl f a0 ) STl ol ealinal Iy S
O 35 ( (Sl 1 skt 5 on dts 53 (SS5580
Ll Jds cpl S (3959 e3ls Gl byl sl
s 03 LS fAs W pabse ) e
ol €S0 pl 338 o0 3L 03 28 gloly 5 slsl
S San 03 Jseme Gl 3l ok & 55 o0
u&.x,&w,g;;urﬁuﬂbg Sy A ldia
Sl 53 .Gl GCV gy 5,0, 7 slaw b iy 5l
&S Jlesl Sy o Ol 1 3l s (g > oS
W38 s cye R™ wgsgys o3ls p Jas s
e S A 55 Sy Sl LTHE Gl Sy op)
B b e S (gl Bl o LS D) e
Sy odd as e Guudse b .38 eslitul NGCV (T

lacds S5 ol Sy S e daly SL, )

el 55 Dot 27 elite
Wik :le(Rg,(X_XéJ ) )

X =R (k27K 27) s Obss s R &S
I 5525 T on Gt adgl gl 4y s 5 L ] llie
S Gopet ol agly Sk 4 bae
bl k=(k.k)eZ® 5 6 =27220"2) 1=01.2,..
OT dslre 5 s 576K 0I5 o ¥ K 5ol O
.J;on‘)JﬁL&M{O‘}}")J

s Lol s Ol e Sy STl e
T e s | Iy SLT

Cj,I,k =<fa\PJ"|’k>=J‘f(x)gj,l,k(X)dX (f)

S pliia ol sy ol ¥
S ikt pluly rag b flas o 5o
Al @l SMEe e 035 Iy g o 5!
2 63b sl S0 eyl cpl laae Ll ‘_;)'L.av.]é.;a
dmiys 5 ols dal gt (1) dsbas Sl ol ol Ol
LST (B Iy SR o fag Ll S Gh, Sl
ol 02 S s by dlex el g b

GCV Joo gla 59y 4 Ol5 0 395 005 55 4 Lkl



ey oY Q)Luﬁ&f'e)jbsLééjw}&}}zlzu s¥

ol 3,51 5 s (2S5 s dwloue Ll 50
Slee Cojme H o sV ot (535,55 0315 4 o
K(7) 03557 Cwwsas UNGCV g,y Lile .ol siaa )|
oL ol e 1 |, WSURE lie 015 oo T sl
Sk el alie 4 ) OT sliSaiaS” 5 58 o)y
o9 onl S W V.:.a\js- aalsl s ..s; el
bt S5 & Comd GFUsd b le Slacl e

..u::u.n Cewda

sloj) e p by dusl ¥
bpl 51O daly = sl s 50 Sy 0556
bolods 03,57 V Jgd 53 a5 Wles S’ o oslizul
sly YN (e 5 (o) (S iy b (B e
5 @bl s Jo 53 G Fpalr sz Ug o (Y)
03,51 Casar sl Sl gl ) slacd il
«slos Josls b0gys dime o 5 shie gl &S
el 5 ety AU e S kel b
O S e L Silepke bl A5 rb.)}ij‘
S 50 9P S @b Sl ealial b dis pl ) skte
Jiss Yo 5 4 IS i b (o e (slo3 ) 3
Cod b .25 8 15 sy dpse OVYXONY lal L
S ca\;nfu;ﬁ S glae sy VP Sl i sl
(o3 8 a5 Jol sy g0 S5 5 aSTL wes
& S (Slas 53 el el Sl S 5 93505
b ol ooy Sl o35 0 2bOgss v;wis\ syl
W g3 ekl ke o) day (Ll 5 gLl Ol
g;s&,d g ‘.;{),in &G5O dslae > sl
forward-backward splitting ) oy de—oiy ) sl
(YN (G 5 (DN8) 355 e oslizul (recursion
i 53 (SO (S s g a I ldze )
w o Slpbie 2l 5 Q5P @l e o S

gﬂ.j% f L}g.& (.ov\.aT g:;.w:i: @L’& Sl ol

OHKer 5 ly) Sl (O) dslae &) sty CoeS ()
(YNY

m' |y - AX()[;
1-mtr{AJ(X(z), Y)})

NGCV(r) = ©®)

T bk bl gl R(2) 02587 Cwsa b
58 ey sl ol o 2 1 NGCV Sl 015 s
MR Os @S & e el Slagble byl
Sk IR y) e R™ Yl alal, 53 4 dal = NGCV
3505 03> & ol 3351 p (s 2S5 s
Sloj Aoy St auulome diajli S = e 3 Sl
e w &S W r.:A\y aslsl s ped AJ(RY)
Sl a4 538 55 By ol e 3L5 (S50
5 S ol s s Sleedite bl )y ae
oslizul SURE 3y, I NGCV 05,3 ,?c.ﬂu,
Lol dh g o DML b o7 g5 oS 0
OT 1y ilupkie el o i 01 (o 03l Ol &
Sl o lilie o 208" OT sl o575 57 (e s el
Iy MSE 0l oo gdls 55 bl 42l |, (MSE) last
MSE(7) =[x = X(@)[} 25 Ok Sbaplaze el 51 (0
(e 53 X adsl pgdi @ (s 358 e 4 Iy
Cum b Ol s ol e SlS pg, o
JSKias 5l ¢ MSE ldie 1 A (65,57 5 o571l
Sl 53557 @ls 03 SURE ggy 58 - )
O &8 A ol bt Sla e o 2aS Hldie
Sy o el b BB 0 Glas Ol
sy e die LS b ol
Sl oks iy WSUREGI055 &y gty it
(#) dslee Sygon 5 (YVY O 5 2l
58 e S 0 3
WSURE(r)=m"

y-AR(7)

/ : . )
G—tr{W}+2itr{WAJ(>“<(r),Y)}
m m

sl 53 el 23035 e 5l W s X, XK S



£ b laglin Glaml 3 las same b lo) J slaosls (b0,

A G S edalis fely mb A
LL".’-J:":':{} Sl ol Cewdd WSURE u,f:}) ‘\‘J;"‘)Li
S Glag Jomily Wb 1 55 5 4 S s

g:,.wbé\e 6‘]: C_,.w‘ ol »_',.S.\..i»a)l.&l QT‘\{YL. DL

. ) S lEs ol 03T
<-4,

sl esls ¥ o Sily o8 ) g0 o5 ol 0 o3li
g_;’.'))’.')“:")‘ o3ls J.)Lé.’o'\' (;Jil:;,.fcfu,

SNR=201log,,(

Llods asin ol L & @y 4 K Cod

Ls‘j. ugv J’«'.slj.a 3] Lglaj.wf Rl [ u"'L“"JI

.AJ‘GJ.&T g:,.wbd.: J-pb— J'Labl;_

g

Time Sample Number
r
3

g8 & 8

-
3

g

50 100 150 200 250 300 350 400 450 500
Offset Sample Number

)

LB s 5L n i o S (DO polie
O Joles Jouily w457 S o (B yne (VP /)
oIl el 53 el (0 = (1 A= (| X[ +1) )
23l &S 53 1y ilepie el SMas (silesl Sds
shila \,di«muplip,qjmkg\ﬁ}m.z:da)l} Sgdoes
L bl e e oS o J UL ol o)
DM o e OT il o 0,8 0 5 s (5)lutde

S phe Jol b5 4 IS
e 03,57 My s axi i sl s S g 51
$loi s I Tdme @ilogkie bl s
740 éhp):.rﬂﬁ@aﬁé‘,}xgw&TgM
Sl odd S3luil S by 4 IS S Ol 0

Time Sample Mumber

50 100 150 200 250 300 350 400 450 500
Offser Sample Number

(<an

el e Gl 0T (gl o, TN 51 i (O 3 5 Sl b 4 4T sl le ) ol (i) ¥ IS

(x)o BBl q P sl palie glila sl S 4 S ol Sl 23 SNR e il is E S



VAT Y oyl F v 093 cLad g ey S jud Aoee

5
4
3
1
7
2 —8SNR
e (TSNRmax'SNRmax’ by SNR
1 | (IENRma‘,SNRmEX) by WSURE
0 = (ISNRmax'SNRme) by NGEY
107 107 10° 107
T
(o)

P, () 5 @l () 51, SNR, WSURE, NGCV sls 55 5 s (7

F b aolb L OT Sbej s)ls paised 5 52010 alsls L
P R S N I S T
S 55 sdalin Iy adl dm ol (6,15 & ges ddend
23 el Coldo dolas Oy sons OT (o) Js, 700
Joily w0 Sl ealizal b odd (g5lijl saie A I
A UK s Sulgns 5 Sl es o3, )]
58 sdalie 1y (S5lajl 5 adsl e JSls Ol e
Bl ol w5l 5 eslizal e 7 ol S5 w0 3Y
8§ S ol glanls 5l eslizal s 2SN Ul 0sls
S8 Ol s Ol 4 ake & Llodows
ey b plelp (ST WB nl Sl eslinl L) Bl
2348 ey anS o S 4 53 S S el Slanls S

. o 15 L
Bober dsd BB ol 4 e 05 wU cies ol

4.5
4
35
r 3
=z
9 25
——SNR
2 b <tSNRmax'SNRmax) by SNR
15 [ ] ‘TSNRmax'SNRmax) by WSURE
A
A ‘ISNRmax'SNRmax) by, NGCV
10° 10' 10°
T
(o)

ss
4
35
3
25
x
z 2
3]
1 ——SNR
1 ®  (tgpmae SNR,,, ) bY SNR
0.5 [ ] (tsNRm“‘SNRmX) by WSURE
0 A (tgrmae SR, ) BY NGCV
107 107 10° 10°
T
(@]
L. . .
R m s NR ) @oleiy polis 0 ISS

SNR

3 lgiey polie Call-0 Jg.i).s Sl S5 L6
22 SNR 5 WSURE el I (silopkie sl sl 2
oy Joily w0 @ by o Dl 4 oy HiIGka
Al 4 55 4y IS i 12 (5 S s <,

5 Joily wb e b el ey S8 5l
e oV S 5558 sdaline Ol 5 e Y S
el 0 s LS 5 K ey w6 sl il
b (B me iy Jouily w355 00 0> 7 45 0len
.@muawbspﬁ%;thi,ﬂw

o Ml slesly ilib Glp |y Jole e
doder glaie oS GFA JS 5 58 ) Ol5 e

dﬂiﬂ U’."‘ Lf&‘ Lg)‘bjﬂb‘,.oa RS PR ab_)jT i{‘;.&.n

<]
]
4
3
2 —8NR
. (ISNRmax’SNRmax) by SNR
1‘ = (ISNRmax'SNRmax) by WSURE
0 == Ee . (TSNRmeur’SNRrﬂax:| by NGCV
107" 10° 10'
T
()

(o) Q)ll 5 () Q(]) s'» SNR, WSURE, NGCV sl =55 b » (TS\IRma)U S\anax) olgiy slie A JSJ«



sV b laglin Glaml 3 las same b lo) J slaosls (b0,

(p.q)=(1.4,-0.5). SNR=16.2db

50
10
5
]
L] )
E E
% 0%
o £
£ <
5
@«
H 5
£
10
500

50 100 150 200 250 300 350 400 450 500
Offset Sample Number

(p.q)=(1,-1), SNR=15.1db

50
10
5
5
L] o
5 E
p 0%
= £
£ <
3
wl
H 5
g
-10
500

. . ' . . L . . . .
50 100 150 200 250 300 350 400 450 500
Offset Sample Number

SNR=16.2db @'y}, (<) Jsley £t 5 SNR=15.1db 0" () (b 31 oslinal L ¥ JS2 s3lsl ¥ S

Offsetim) Offset{m)
2000 0 2000 072000 0 2000
500 500
1000 1000+ -
1500+ 1500
2000+ < 2000f !
: i
% 2500 4 2500
- E
3000} . 3000
3500 3500+ 4
4000 000} - .
4500 {4500} -
(<) (<)

[ imermsec)

Offset(m) Offsatim)
2000 0 _ 2000
0 T 1
500+ : o8
|
1000 - 4 (11
1500+ F 404
2000- { b o2
.Ezsonf- - 10
F |
3000+ -2
so0r I 04
4000 - : - 08
4500 - =08
5000 —=— -+
(=) ()

i om Joli (0) 5 odd (g5leil waie (©) w0dd (5ol a0 503 10 dhails (0) cadsl oo (L) . a3ly S it wainr e S g3lesl A Jse

Sl 8L sl s, Olg e |y WSURE iy,
R ras onlols 15 Jiles €58 pl (sl (s 5lupdite
b I Ol @ Sl e Sluplate el
o b el s e JTel IS ) i
OT O3 aasp Dby 5 dlies 55 SSsl e

ol (g5lsl 4l

S ans ¥
@bl slapn, SIS s Ol uls 4 a5 L
ety S pb olal el 3500 57 sle ) sl
Sl Sl Jeudly w5l elinel sk o oV oS

el p oo dias Ol SG3 5 dig sl Ml



AFAY Y o5lad oFr 093 (Lad g e S 5ud Ae A

1999, Reconstruction of band-limited signals,
irregularly sampled along spatial direction,
Geophysics, 64, 524-538.

Golami, A. and Hosseini, S. M., 2011, A general
framework for sparsity based denoising and
inversion, IEEE Trans, signal processing,
59(11), 5202-5211.

Ramni, S., Lio, Zh., Rosen, J., Nielsen, J. F. and
Fessler, J. A., 2012, Regularization parameter
selection for nonlinear iterative image
restoration and MRI reconstruction using
GCV and SURE-Based methods, IEEE Trans,
Image processing, 21(8), 3659-3672.

Sacchi, M. D. and Ulrych, T. J., 1996, Estimation
of the discrete Fourier transform a linear
inversion approach, Geophysics, 61, 1128-
1136.

Schwab, M., 1993, Shot gather continuation,
Technical Report, 77, SEP.

Spitz, S., 1991, Seismic trace interpolation in the
f-x domain, Geophysics, 56, 785-794.

Starck, J. L., Candes, E, J. and Donoho, D, L.,
2002, The curvelet transform for image
denoising, IEEE Trans, Image processing,
11(6), 670-684.

Stovas, A. M. and Fomel, S. B., 1993,
Kinematically equivalent DMO operators,
Russian Geology and Geophysics, 37, 102-
113.

a5 el ang b S Gb0s)s aline)
(Lidw o DUd |y alts 055 imeg 2 Sy S Jos
o boodgpl Sl odld (i 8 g8 g il
S5 a5 Sb0s 5 il ey ol ) 0,
Slhes (b 53 03,88 (Gobs paisei 4 ki Jsel
SOl a3 5 5T Glasdls Ol e cslo) )
L o 3ol Sledlbl sl 03y (sl as |,

el e

&le
Sl oot Plus iluplite OFM g (oD

.O‘J@'o@b&}:ﬁ}:}w)‘ncéﬁ:ﬂu)céf
Candes, E., Demanet, L., Donoho, D. and Ying,
L., 2005, Fast discrete curvelet transforms,
Department of Statistics, Stanford University,
Stanford, CA 94305,
http://authors.library.caltech.edu.

Claerbout, J. F., 1992, Earth soundings analysis:
Processing  versus inversion, Blackwell
Scientific publishing, Hoboken, New Jersey.

Duijndam, A. J. W. and Schonewille, M. A,



